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Looking back the history of oncology, especially that of radiation therapy (RT), there have been several important pivotal tech-
nical innovations that provided the major breakthroughs. In most clinical settings, these have impacted and changed not only 
the concepts of RT, but also improved the consequent clinical outcomes following the advanced RT techniques. Particle beam 
therapy, which typically includes the irradiation of either proton beams or carbon ion beams, has currently become one of the 
major game-changers in radiation oncology field. The history of “particle physics” dates back to 1930s, when it was recognized 
as a distinct subject of modern physics, and the applicability of particle beams in treating the human patients was proved shortly 
after the World War II [1]. The clinical application of proton beam therapy using the dedicated equipment, however, began in 
1990 at Loma Linda University Medical Center [2]. In Korea, there are currently two institutes operating the proton beam thera-
py equipment (National Cancer Center Korea and Samsung Medical Center), and two institutes are undergoing the installation 
process of carbon ion beam therapy facilities (Yonsei Cancer Center and Seoul National University Hospital). In addition, a few 
more institutes have committed or are considering to install their new particle beam therapy facilities. 

Particle beam therapy, by virtue of the peculiar Bragg peak phenomenon and relative biologic effectiveness greater than 1, is 
quite different from X-ray‒based RT techniques. Sharing of accurate and balanced information regarding the basic and funda-
mental principle of particle beam therapy as well as the practical considerations in its optimal clinical applications in the real 
world situation seem to have been inadequate, even among the oncology specialists. Though ’something new’ (and/or ‘some-
thing expensive’) are not always ‘something better’, there have been, however, numerous suggestive and illusive information, 
which has already been made widely public throughout the digital information channels. All medical practices need to be based 
on the “value” issue, which typically depends less on the cost exerted, but more on the outcomes on the patients’ side [3-5]. 
There are still many issues that are prone to discussion, debate, and verification through the careful clinical research efforts. 

In this context, we would sincerely wish that three special articles in the current issue of Cancer Research and Treatment (by 
Koom et al. [6], Kim et al. [7], and Park et al. [8], respectively) could provide the up-to-date and balanced insights on particle 
beam therapy, from the basic to the practical issues, to the interested readers who major in various oncology fields but may not 
be very familiar with this topic. Also we would wish these special articles to assist the Korean National Health Insurance Service 
in establishing the optimal reimbursement policy. In very reasonable senses, the current and future particle beam therapy pro-
viders in Korea are highly responsible to develop and update the optimal clinical indications, and thereby to provide the reliable 
clinical evidences on the benefits and the limitations of particle beam therapy to whoever may be interested in and concerned on 
these issues. By accomplishing these duties, the resources, to which the astronomical amount of cost and energy have already 
been invested, could be reasonably and optimally utilized. These efforts by the enthusiastic particle beam therapy providers, 
not only evidence-based but also evidence-making, will be continuously required, and should deserve the appreciation by our 
oncology societies accordingly. 

1.  Wilson RR. Radiological use of fast protons. Radiology. 1946; 47:487-91.
2.  Slater JM, Archambeau JO, Miller DW, Notarus MI, Preston W, Slater JD. The proton treatment center at Loma Linda University Medi-

cal Center: rationale for and description of its development. Int J Radiat Oncol Biol Phys. 1992;22:383-9.
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Introduction

Radiotherapy has long been in clinical use for cancer treat-
ment. The DNA of tumors and healthy cells is injured by ion-
izing radiation, resulting in complex biochemical reactions, 
prolonged abnormal cell function, and, eventually, cellular 
death. Beams of ionizing photons such as X-rays or gamma-
rays have been used for treating various types of cancer. Cur-
rently, the widely available X-ray beam therapy (XRT) is con-
sidered as the “conventional” radiation treatment method in 
clinical practice.

Charged particle beam therapy (i.e., particle therapy) has 
been emerging clinically as a branch of radiotherapy from the 
late twentieth century [1]. The initial clinical implementations 
were conducted at the University of Tsukuba and Loma Lin-
da University, which started clinical centers for proton thera-
py in 1983 and 1990, respectively [2,3] and the National Insti-
tute of Radiological Sciences in Japan, which treated patients 
with the carbon ion therapy in 1994 [4]. Particle therapy with 
protons and heavier charged particles has significant physical 
and biological advantages over conventional therapy [5], thus 
allowing them to potentially achieve more effective tumor 
control while sparing the surrounding normal tissues. 

Proton therapy is being used worldwide, including in two 
centers in Korea, but carbon ion therapy is available only in 
a few countries, namely, Germany, Italy, Austria, Japan, and 

China [6]. Carbon ion therapy facilities in Korea are also  
under construction in two centers [7], and we expect that 
particle therapy will be of more use to many cancer patients 
in the near future. However, non-radiological oncologists or 
even trainees in radiation oncology are unfamiliar with par-
ticle therapy, compared with conventional radiotherapy. In 
this paper, we introduce the basics of physical and biological 
characteristics of particle therapy for oncologists and focus on 
some recent issues, especially proton and carbon ion thera-
pies.

Definition and Clinical Aspects of Particle 
Therapy
 
1. Definition of particle therapy

Particle therapy for cancer treatment is a form of external 
beam radiotherapy using protons, neutrons, or other heavier 
ions (e.g., helium or carbon ions). The type of a specific par-
ticle therapy is generally based on the particles to generate 
beams for therapy. 

2. Particle therapy in clinics
Physically, particle beams yield the benefit of precise dose 

localization, compared with X-rays. Particle beams deposit 
sharply increased energy at the last part and a very small 
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Particle therapy is a promising and evolving modality of radiotherapy that can be used to treat tumors that are radioresistant to 
conventional photon beam radiotherapy. It has unique biological and physical advantages compared with conventional radiotherapy. 
The characteristic feature of particle therapy is the “Bragg peak,” a steep and localized peak of dose, that enables precise delivery 
of the radiation dose to the tumor while effectively sparing normal organs. Especially, the charged particles (e.g., proton, helium, car-
bon) cause a high rate of energy loss along the track, thereby leading to high biological effectiveness, which makes particle therapy  
attractive. Using this property, the particle beam induces more severe DNA double-strand breaks than the photon beam, which is less 
influenced by the oxygen level. This review describes the general biological and physical aspects of particle therapy for oncologists, 
including non-radiation oncologists and beginners in the field.
Key words  Particle therapy, Radiotherapy, Neoplasms, Radiation injuries
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dose in the tissue over the beam. This results in a decreased 
radiation dose delivered to normal tissues, compared to that 
in XRT, at the entry site of the radiation field and beyond the 
target area. For these reasons, radiation oncologists would 
expect radiation-induced morbidity from normal tissue 
damage to be smaller. It might be possible to deliver higher 
ablative doses of charged particles to the tumor area while 
reducing damage to the normal tissue. This property is par-
ticularly attractive for inoperable case or tumors adjacent to 
critical structures. Recently, some clinical studies reported 
that proton therapy might be beneficial not only for tumors 
in adjacent organs but also to counteract the systemic com-
plications from radiotherapy. Less low-dose exposure dur-
ing proton therapy might affect the level of lymphocytes, 
which are regarded as a marker of immunity and therapeutic  
responses [8]. In a phase II randomized study, proton therapy 
reduced the rate of severe radiation-induced lymphopenia 
in glioblastoma patients from 39% to 14%, compared with 
XRT [9]. Additionally, retrospective studies have supported 
this result [10]. Particle therapy has the potential to reduce 
another complication, secondary cancer. A recent study of 
450,000 patients conducted using the Chinese national data-
base reported that the risk of secondary cancer during pro-
ton therapy had an odds ratio of 0.31 compared with that in 
intensity-modulated radiotherapy [11]. In a Japanese study, 
the risk of secondary malignancy after carbon ion therapy for 
prostate cancer was compared to that after photon radiother-
apy or surgery alone [12]. The results revealed that carbon 
ion therapy conferred significantly lower risk of developing 
secondary malignancy, with a hazard ratio of 0.80, than pho-
ton radiotherapy. The risk of secondary malignancy in car-
bon ion therapy was also not increased compared to that of 
surgery alone. Clinical studies for particle therapy have been 
gradually increasing, mostly based on proton therapy, or car-
bon ion therapy. Although there were fewer studies on other 

heavy particle therapies, centers using helium ion therapies 
have been showing good results [13,14]. 

Physics in Particle Therapy

1. Physical characteristics of particle therapy
Physically, charged particle beams deposit energy along 

their paths when traveling in the body and exhibit a unique 
depth-dose distribution, termed the “Bragg peak” (Fig. 1).  
This special physical characteristic distinguishes particle  
therapy from X-ray. The particles deposit most of their  
energy in the final millimeters of their trajectory as they slow 
down. This results in a steep and localized peak of dose. 
Photon beams or X-rays do not have a Bragg peak and, thus,  
deliver the maximum dose to the tissues upon entry, follow-
ing which, they are gradually attenuated as they pass through 
the body. Nevertheless, a substantial dose is still delivered 
deep inside the body. This is because X-rays are a form of 
electromagnetic radiation that has no mass or charge; there-
fore, they easily pass through the body and deposit energy 
along the whole length of their path. Due to the nature of X-
rays, multi-focus beams such as intensity-modulated radio-
therapy are usually needed to irradiate deep-seated tumors 
with external beam X-rays with useful conformity. Because 
of the multi-focus beams, normal tissues around the target 
receive low doses of radiation. Consequently, compared with 
intensity-modulated radiotherapy, particle therapy can pro-
duce steeper dose gradients and a more conformal dose dis-
tribution without increasing the dose delivered to the normal 
tissue, using a smaller number of beams, as shown in Fig. 2. 

As shown in Fig. 1, the Bragg peak used in particle therapy 
is too sharper and thinner than that used in conventional 
therapy. To utilize the particle beams in radiation therapy, it 
is necessary to achieve broadening of the beam, termed the 
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Fig. 1.  (A) Depth-dose distributions for photons, protons, and carbon ions. (B) A spread-out Bragg peak of a carbon ion beam (bold line) 
for a single-entry port.
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“spread-out Bragg Peak (SOBP),” to extend the uniform dose 
region to treat tumors of different depths. SOBP is the sum of 
several individual Bragg peaks at staggered depths. 

The physical characteristics vary according to the type 
of particle. From the point of view of dose distribution, the 
beam quality depends on its energy spread, range strag-
gling, and lateral sharpness, all being smaller in magnitude 
with increasing particle mass. For example, carbon ion beam 
shows a higher physical dose concentration with a narrow 
penumbra compared to proton beam, as shown in Fig. 3. 
Another difference between heavier ions and protons is the 
fragmentation mechanism. Compared with that of protons, 
fragmentation of carbon ions (e.g., boron, beryllium, lithium, 
and helium) occurs because of nuclear interactions between 
the atoms of the irradiated tissue. The energy of the fragmen-
tation is deposited beyond the range of the carbon ions in the 
so-called tail region (Fig. 1). The biological effect of this frag-
mentation is small because the tail contains only fragments 
with a low atomic number; nevertheless, this tail region of 
carbon ion beams should be checked through the radiation 
planning system if organs at risk surround the target.

2. Beam delivery systems for particle therapy 
Accelerators are one of the major devices used in radio-

therapy that produce and shape an electric field to accelerate 
charged particles. In conventional XRT, a single-pass-type  
accelerator (i.e., linear accelerator) is generally used to  
accelerate electron beams through the linear path. Unfortu-
nately, due to the heavier mass of charged particles compared 
to that of electrons, the small size of the linear accelerator 
cannot produce a sufficient electric field for particle therapy. 
At present, the available option for heavier particle therapy  
involves efficient reuse of the electric field using circular (or 
multi-pass-type) accelerators (e.g., cyclotrons, synchrotrons, 
synchrocyclotrons) instead of a linear accelerator to reach the 
required energy for clinical use of particle beams.

The first particle accelerator was built in the early 1950s as 

a synchrocyclotron [15,16]. The first patient was treated in 
1957 using proton beams at the Lawrence Berkeley National 
Laboratory [17-19]. As of December 2020, 57 cyclotrons, 41 
synchrotrons, and 13 synchrocyclotrons have been installed 
in various particle therapy centers for clinical use (e.g., 250 
MeV for protons and 440 MeV/u for carbon ions) [20]. In 
general, these circular accelerators require large space for  
installation compared to conventional linear accelerators. 
Nevertheless, during the treatment process, the time the  
accelerator operates is much shorter than the time for patient 
setup or beam alignment in the treatment room. Consequent-
ly, most institutes operate several treatment rooms per accel-
erator to save time and optimize treatment schedules. 

Particle therapy can be delivered using two delivery sys-
tems: (1) a beam scattering method using a passive system 
and (2) a beam scanning method using an active system. In 
the passive system, the narrow peaks are swept over a wide 
area by a peak filter to create an SOBP, corresponding to the 
target volume size. This method simultaneously uses a band 
modulator, a collimator, and a compensator. In the active sys-
tem, the peak position is moved within the target by varying 
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Fig. 2.  Screenshot of plan comparison between carbon ion therapy (A) and conventional X-ray intensity-modulated radiotherapy (B). Note 
that carbon ion beams can produce steeper dose gradients and a more conformal dose distribution without increasing the dose delivered 
to the normal tissue, with a smaller number of beams. 

A B

Fig. 3.  Comparison of the lateral penumbra between protons 
and carbon ions. The penumbra of a carbon beam is much sharp-
er than that of a proton beam of comparable range.
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the beam energy in the accelerator or by changing the beam’s 
penetration using absorbers at a dose sufficient to conform 
precisely to the target volume [21]. Fig. 4 schematically dem-
onstrates the concepts of passive scattering beam and active 
scanning beam delivery systems used in particle therapy.

3. Issues in beam delivery for particle therapy 
In particle therapy, an important issue, based on the  

respective physical properties, is the range uncertainty in the 
beam path length. Characterized by steep dose gradients, 
anatomical changes (including organ movements) might 
cause an important issue for the robustness of the clinical tar-
get coverage. To avoid these uncertainties, charged particle 
therapy should also include the verification of plan robust-
ness with respect to anatomical changes. Some of the robust 
optimization methods are distributional robustness, proba-
bilistic robustness, worst case robustness, and voxel-wise 
worst-case robustness [22].  

Another issue for active beam delivery systems is the  
interplay effect. The interplay effect is a dynamic character-
istic of the particle beam that combines body motions (such 
as breathing) and spatiotemporal difference during beam 
delivery, resulting in a disagreement between the planned 
dose and the delivered dose [23]. During the early days of 
proton therapy for passive beam delivery or fixed target  
organs, this was not much of an issue. However, in active 
beam delivery or the scanning-type of beam in advanced sys-
tems, this should be considered for moving the target organs 
such as the lung and liver. As the worst-case scenario, missing 

of the target organs due to the interplay effect is a concerning  
issue for radiation oncologists, despite setting up everything 
perfectly. Nevertheless, researchers reported that the effect 
could be reduced through multiple fractionation schedules 
[24]. A study on hepatocellular carcinoma confirmed that 
proton therapy using pencil-beam scanning with approxi-
mately 10 fractions showed no significant effect in terms of 
local control compared with proton therapy using passive 
scattering [25]. We can make more robust plans to consider 
uncertainties such as organ motions by increasing the target 
margin, or by using planned algorithms to optimize robust-
ness. Also, motion control via abdominal compression or 
breath-holding might be effective in some patients. Another 
strategy is real-time tracking of beam delivery. Some tracking 
methods to tackle the effects of such interplay have been sug-
gested. The most advanced method is “beam gating,” where 
the irradiation is gated by a pertinent signal generated from 
the patient. Another system under investigation is the “fast 
rescanning delivery,” where beam delivery to a homogene-
ous target irradiation is restored by multiple scans, lead-
ing to averaging of the dose inhomogeneity introduced by  
interplay effects. The last technique is “target tracking,” 
which aims at real-time tracking of the target motion with 
the scanning beam. Tracking is the most demanding option 
because it requires real-time adjustment of not only the lat-
eral beam position but also the beam energy. 
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Fig. 4.  Schematic designs of passive scattering beam (A) and active scanning beam (B) delivery systems used in particle therapy.
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Biology in Particle Therapy 

1. Linear energy transfer and relative biological effective-
ness of particle beams

To explain the radiobiological effect of particle therapy, it 
is necessary to first define two concepts, namely, linear ener-
gy transfer (LET) and relative biological effectiveness (RBE) 
[21]. When radiation is absorbed by the biological material, 
ionizations and excitations occur. These are not randomly 
distributed but tend to be localized along the tracks of indi-
vidual charged particles in a pattern depending on the type 
of radiation involved. The LET is the energy transferred per 
unit length of the track. Usually, high-LET beams are defined 
as accelerated atomic nuclei with an atomic number great-
er than 2 due to the different biological effects. Carbon ion 
(atomic number of 6) beams are defined as high-LET beams. 
Proton beams are considered intermediary in this regard. 
Their LET is larger than that of photon beams; however, they 
still belong to the “radiobiological” group of low LET. Low-
LET radiation demonstrates a uniform, sparse spatial distri-
bution of ionization in cells, while high-LET particles bring 
about dense ionization by depositing energy in the medium, 
thereby demonstrating higher biological effects. Notably, 
carbon ions show lower LET in normal tissue and higher 
LET in the target tissue, yielding a greater therapeutic benefit 
than other ions, such as oxygen, and protons; oxygen shows 
relatively high LET in normal tissues, while proton beams 
show low LET in both tumor and normal tissue areas (Fig. 5).

The amount or quantity of radiation is expressed in terms 
of the absorbed dose, a physical quantity measured in gray 
(Gy). However, even when physical doses are equal, differ-
ent types of radiation do not produce equivalent biological 
effects. For example, 1 Gy of carbon ion beams produces a 
greater biological effect than 1 Gy of X-rays. When compar-

ing different types of radiations, it is common to use X-rays 
as the standard. The concept of RBE was introduced to com-
pare the biological effect of different radiation types with 
that of X-rays. The RBE of a test radiation r is defined as the 
D250/Dr ratio, where D250 and Dr are the doses of 250-kV X-
rays and of test radiation, respectively, required for equal  
biological effect [26]. For example, suppose we are measuring 
the RBE of specific particles compared with that of 250-kV  
X-rays based on the lethality of some specific cells. Groups of 
cells are irradiated by a range of X-ray doses; parallel groups 
are irradiated by a range of specific particle beam doses. At 
the end of the observation, the dose that results in the death 
of half of the cells in a group turns out to be 9 Gy for X-rays 
and 3 Gy for the particles. The RBE of the particles is then 
equal to 3, i.e., the ratio of 9 Gy to 3 Gy. 

LET and RBE are closely associated with each other. High-
LET radiations usually lead to stronger biological effects 
than low-LET radiations. RBE is a function of LET. RBE ini-
tially increases approximately linearly as LET increases. At 
higher LET, the increase in RBE slows, eventually reaching a 
turning point after which RBE decreases, because of energy 
wasting (Fig. 6). In proton therapy, a generic RBE of 1.1 has 
been widely used [27], irrespective of dose-modifying fac-
tors such as fractionation, tissue type, or radiation quality. 
An RBE value of 1.1 is a constant scaling factor used along 
the pathway of the proton, including the normal tissues and 
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Fig. 5.  Comparison of dose-averaged linear energy transfer 
(LETd) between protons and carbon ions in water. The LETd for 
each particle beam was calculated with the Geant4 (ver. 10.06) 
simulation toolkit.
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tumors; therefore, it does not provide benefits in terms of 
an increased therapeutic window. However, the actual RBE 
of the proton beam is known to vary with LET, particularly 
at the distal part of the range of the monoenergetic proton 
beam penetration, where LET increases. Thus, it should be 
avoided to locate critical normal structures at that distal end 
of the proton beams. In addition, experimental RBE of proton 
beams is calculated differently depending on the type of cell 
lines [28]. It was thought that the variance of RBE occurred 
according to the characteristics of the radiation repair pro-
cess, and DNA damage response signaling showed different 
activation durations related to RBE. Thus, the invariant RBE 
value used currently has been criticized, and optimal ways 
to replace the standard RBE value are being investigated 
[29,30]. 

In contrast, the RBE of carbon ions is not a constant value 
but a function of position within the treatment beam. RBE 
tends to increase as the particle penetrates deeper into the 
target lesion. The depth-dose profile for each SOBP field was 
designed to yield a constant biological effect within the SOBP 
area by compensating for the increase in LET along its path. 
Deeper regions in the SOBP, where the LET is high, receive 
a lower physical dose; in contrast, shallower regions, where 
the LET is low, receive a higher physical dose (Fig. 7). Fur-
thermore, at the entry site (normal tissue), the RBE value is 
lower than that in the SOBP, which eventually widens the 
therapeutic window of carbon ion therapy. In addition, sev-
eral other radiation dose-modifying factors such as fractiona-
tion, tissue type, and radiation quality are taken into account 
to determine the RBE.

The biological RBE was determined by a specific biologi-
cal system and a biological endpoint and then scaled to the 
specific irradiation conditions of patients to obtain a “clini-
cal RBE” (Fig. 7). The clinical RBE describes the ratio of pre-
scribed absorbed doses of a photon to a high-LET irradiation, 
which are believed to result in clinically equivalent results. 
The RBE thus obtained was validated using the tumor con-
trol probability from clinical data. Because of the complex-
ity of RBE of carbon ion therapy, a biomathematical model 
is needed to consider the inconstant biological effect appro-
priate to calculate the RBE in treatment planning. Radiation 
oncologists have tried to improve the models to reach a “uni-
versal” definition of RBE-weighted dose, although it is not 
yet feasible to fully simulate the underlying biological pro-
cesses. The use of in vitro data for RBE models is also a major 
weakness because the biological effectiveness is affected by 
general patient condition and the tumor microenvironment. 

2. Biological characteristics of high-LET radiations
Solid tumors are often characterized by hypoxia. Acute 

(perfusion-limited) hypoxia is caused by temporary distur-
bance in perfusion, resulting in fluctuating microvascular 
oxygen supply. Chronic hypoxia arises due to the over-pro-
liferation of cancer cells with poor vasculature. The increased 
distance between cells and the nearest blood vessel limits  
oxygen diffusion from tumor microvessels into the sur-
rounding tissue. Tumor hypoxia is known to correlate with 
poor prognosis in cancer patients [31]. Low-LET radiation 
mostly causes DNA damage due to the presence of free radi-
cals, which is enhanced by oxygen. Hence, tumor hypoxia 
has been considered to be one of the major mechanisms of 
radioresistance in cancer cells. The ratio of doses to hypoxic 
and normoxic tissues (oxygen enhancement ratio [OER]) can 
be close to 3 with low-LET radiation such as gamma-rays 
and X-rays, making tumor control by radiation difficult in 
the presence of hypoxia [32]. One method to overcome this 
obstacle in radiotherapy with low-LET radiation is multiple 
fractionations. Multiple fractionations allow for the supply 
of oxygen to the surviving, previously hypoxic volumes,  
between fractions, through a process termed reoxygenation. 

In contrast, high-LET radiation strikes the DNA molecule 
directly and disrupts the molecular structure. This extensive 
damage is less influenced by oxygen levels. The OER is lower 
in high-LET beams. When high-LET radiation is delivered, 
the hypoxic tumor sites tend to not be affected by oxygen 
levels, demonstrating similar radiosensitivity. Therefore, 
heavy ion beams can have a better effect on hypoxic tumors 
such that the need for fractionation for reoxygenation is  
diminished. Fractionated irradiation is a basic concept of  
radiotherapy leading to improved therapeutic ratio. Various 
biological effects account for the benefits of fractionated irra-
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Fig. 7.  Physical, biological, and clinical depth-dose distributions 
for carbon beam spread-out Bragg peak (SOBP). The biological 
model was obtained using an in vitro model of a human sali-
vary gland tumor cell line. The physical dose×relative biological  
effectiveness (RBE) is supposed to be constant within the SOBP. 
Note that the physical dose line is curved within the SOBP area. 
Accordingly, the RBE within the SOBP area is not a constant val-
ue but rather a function of depth.
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diation: (1) repair, (2) repopulation, (3) redistribution, and (4) 
reoxygenation, known as the “4Rs.” Repair and repopulation 
promote the recovery of damaged normal tissue, and redis-
tribution and reoxygenation promote tumor control. The 4Rs 
are an important issue in conventional XRT, although they 
are of little importance for high-LET radiations. For example, 
sublethal damage repair, which promotes cell survival, is not 
as obvious in high-LET beams as in low-LET ones. The effect 
of high-LET radiation is uniform irrespective of the cell cycle, 
while the effect of low-LET radiation is affected by the cell 
cycle. The 4Rs’ effects in particle beams are small enough to 
neglect these factors. For these reasons, carbon ion therapy 
requires a lower number of fractions, shorter than XRT. 

3. Special topics according to biology in particle therapy
Radiogenomics is the study of the link between germline 

or somatic genetic variations and the clinical variability 
observed in response to radiotherapy. The Radiogenomics 
Consortium, which included 133 institutions from 33 coun-
tries as of April 2019 [33], has worked on patient samples by 
using single-nucleotide polymorphisms (SNPs) to perform 
genome-wide association studies (GWAS). SNPs are DNA 
sequence variations that occur when a single nucleotide 
within a gene locus is altered. The principle of a GWAS is 
to genotype between 300,000 and 1,000,000 tag SNPs, which 
represent most of the known common variations within the 
genome. The associations between SNPs and radiation-relat-
ed toxicity have been identified and validated by the con-
sortium, although the effects are not yet clinically actionable. 
For example, in prostate cancer, the TANC1 locus at 2q24.1 
was found to be associated with overall urinary and bowel 
toxicity after radiation [34]; the KDM3B locus at 5q31.2 was 
associated with increased urinary frequency after radiation 
[35]; and the DNAH5 locus at 5p15.2 was associated with uri-
nary retention after radiation [35]. 

The radiogenomic data of the response of mammalian 
cells to charged particles, predominantly protons and carbon 
ions, is less mature compared with X-ray exposures. Whether  
patients who receive particle therapy have different biomark-
ers of normal tissue toxicity than those who receive conven-
tional radiotherapy is an open question. Although radiation 
generally activates the genes associated with inflammatory 
pathways, DNA repair, and cell cycle progression, the spe-
cific genes activated by X-rays, proton, and carbon ions can 
be different [36]. Efforts are underway to establish cohorts of 
patients with prostate cancer treated at the National Institute 
of Radiological Sciences with carbon ion therapy or proton 
therapy for radiogenomic studies [37]. Among the results of 
experimental studies of gene expression after exposure to 
carbon ions, the downregulation of genes involved in motil-
ity due to carbon ion therapy is of particular interest [38,39], 

which are, in contrast, generally upregulated by X-ray expo-
sure [40-42]. Carbon ion therapy appears to suppress migra-
tion, invasion, and metastasis of cancer cells [43,44] and does 
not lead to the induction of hypoxia-inducible factor-1 [45] 
and stem cell factor expression [39], both of which are asso- 
ciated with angiogenesis. Reduced tumor cell migration 
and invasion and reduced angiogenesis may be some of the 
major benefits of carbon ion therapy. However, the impact 
of these molecular signatures requires validation in animal 
models and in human studies. 

In addition to dosimetric analyses, tests for germline and 
tumor genetic variants can be incorporated into clinical  
decision-making regarding particle therapy. For example, 
patients who carry the NF1 gene mutation are radiosensitive 
and predisposed to a number of cancers. NF1 mutations can 
be used as indicators in patients receiving proton therapy 
to reduce the risk of secondary radiation-related malignan-
cies [46]. Furthermore, the identification of radioresistance to 
low-LET radiation using the GWAS approach can improve 
the selection of patients eligible for carbon ion therapy; how-
ever, this approach needs to be validated in prospective clini-
cal studies.

Another special issue with particle therapy is immuno-
therapy. Immunotherapy has recently emerged as a prom-
ising set of new cancer treatments. Immune checkpoint 
blockade, which increases antitumor immunity by block-
ing inhibitory checkpoints, has gained an important place 
in the treatment of various types of cancer. However, the 
overall response rates with immune checkpoint blockade 
monotherapy are modest. For example, the response rates 
of melanoma after ipilimumab and pembrolizumab or 
nivolumab therapy range from 11% to 19% [47,48] and 33% 
to 44% [48-50], respectively. Thus, novel strategies that aug-
ment systemic immune responses will be potentially critical 
in the curative management of the disease. The addition of 
radiotherapy to immunotherapy for patients with predomi-
nantly widespread metastases has gained substantial inter-
est. Radiation-induced cancer cell death results in the release 
of pro-inflammatory signals such as damage-associated  
molecular patterns  danger signals and inflammatory cyto-
kines, thereby triggering the innate immune system to acti-
vate tumor-specific T cells. Radiation also has an effect on 
the tumor microenvironment, by promoting the infiltration 
of activated T cells, and can overcome some of the barriers to 
tumor rejection [51]. The advantages and outcomes of com-
bined particle therapy with immunotherapy are still open for 
investigation. Preclinical studies support the immunogenic 
potential of proton therapy and suggest that proton therapy 
may actually have a wider range of immunogenic applica-
tions than photon therapy. For example, in vitro studies have 
reported that protons mediated a greater increase in the  

Hwa Kyung Byun, Physical and Biological Aspects of Particle Therapy

VOLUME 53 NUMBER 3 JULY 2021     617



expression of calreticulin on the cell surface than photons, 
increasing cross-priming to cytotoxic T lymphocyte killing 
[52]. 

Photon and carbon ion therapies induce different DNA 
damage and repair pathways, and this difference is based 
on the differential biological response to low- and high-LET 
beams. Depending on LET and dose, ionizing radiation 
causes a variety of different DNA lesions, including single- 
and double-strand breaks, DNA-protein cross-links, and 
DNA base damages [53]. This variation can be important  
because programmed death-ligand 1 expression in can-
cer cells is upregulated in response to DNA double-strand 
breaks [54]. Because carbon ion therapy is performed in few 
sites worldwide, only limited experimental information is 
currently available. The typical endpoints of these experi-
ments include the abscopal effect, defined as a reaction of 
the organism’s cells that had not been directly exposed to 
irradiation, which causes regression of the non-irradiated 
tumors and the growth of distal metastases [55]. Matsunaga 
et al. [56] reported that carbon ion therapy administered to 
a poorly immunogenic squamous cell carcinoma cell line  
induces reduction of tumor formation after secondary tumor 
challenge at the contralateral site in mouse models. It has 
been shown that carbon ion therapy induces systemic antitu-
mor immunity. Combined carbon ion therapy and dendritic 
cell injection generated more prominent cytolytic activity 
than carbon ion therapy alone. Ando et al. [57] reported that 
a combination treatment of carbon ion therapy and intrave-
nous dendritic cell administration enhances the suppression 
of lung metastases. 

Conclusion

Particle therapy involves better dose distribution based 
on the Bragg peak, physically. Biologically, it shows higher 
LET and RBE, which is expected to be powerful from a clini-
cal point of view. These properties enable the administration 
of higher radiation doses to the tumors while subjecting the 
normal organs to a reasonably low dose, thus widening the 

therapeutic ratio. Because of the lack of clinical trials, it is 
not clearly demonstrated whether carbon ion therapy has 
superior clinical benefits over other radiotherapy modalities.  
Although further comparison studies are needed, conduct-
ing randomized controlled trials comparing carbon ion ther-
apy, proton therapy, and XRT seems to be difficult, mostly 
because of the differences in treatment costs and patients’ 
preferences. Nevertheless, we expect that the superior bio-
logical and physical aspects of carbon ion therapy will lead 
to meaningful clinical benefit in cancer patients. Another 
uncertainty remains concerning the RBE. Currently, the con-
stant RBE value of 1.1 for proton therapy is being criticized; 
thus, further investigation is required to determine the opti-
mal RBE and its association with LET and dose. The RBE of 
carbon ion therapy has to be calculated by biomathematical 
models in treatment planning, which—in spite of all valida-
tion efforts—still involve significant sources of uncertainty. 
Molecular biological research using highly advanced tech-
nologies such as multi-omics or the effects of the combination 
of immunotherapy has to be incorporated into the particle 
therapy research field. By resolving unsolved issues regard-
ing the physical and biological properties of particle therapy, 
we believe that the future of particle therapy is promising.
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Introduction

Radiation therapy is an essential element in cancer treat-
ment, with some estimates that approximately 25% to 30% of 
cancer patients undergo radiotherapy during their treatment 
course in Korea [1]. Charged-particle therapy (CPT) using 
proton or carbon ion, has physical and biological advantag-
es over conventional X-ray therapy. Bragg peak and sharp  
penumbra allows high tumor dose while saving normal 
tissue and reduced spread dose. Moreover, carbon ion has 
greater relative biological effectiveness (RBE) than photon or 
proton.

Unique physical properties of particle therapy enable dose 
escalation to the tumor while limiting toxicity in normal tis-
sues, which increases the therapeutic window for cancer 
patients. Indication for CPT includes unresectable tumors 
located in eloquent areas or patients with poor organ func-
tion, which are of serious concern when treated with X-ray 
radiotherapy. Proton beam therapy (PBT) can also benefit 
pediatric cancer patients because it can reduce late side ef-
fects and secondary malignancy. In addition, because of the 
high linear energy transfer (LET) of carbon ion radiotherapy 
(CIRT), the general indications for CIRT are radioresistant 
tumor types [2-6].

However, high set-up cost of particle therapy facilities 
makes it difficult to be widely applied to all cancer patients. 
Countries with CPT facilities have their own recommenda-
tion or public health insurance indication (Table 1) [7-10]. 
Pediatric cancer is the most common indication for PBT, 
as concerns regarding late effects. CPT is also indicated for 

certain rare cancers in adults such as tumors located in the 
eye, skull base and re-irradiation cases because of concern 
about radiation damage to adjacent normal tissues. Altho-
ugh there is a lack of consensus regarding the comparative 
effectiveness of CPT for common adult cancer types, the ben-
efits of CPT may be demonstrated in a subset of patients with 
prostate, lung, liver, pancreas, and breast cancers [11]. 

In the following sections, we present recent clinical out-
comes of PBT and CIRT in selected diseases. In addition, we 
propose clinical research methods to increase the number of 
patients who can benefit from CPT, given the limitation of its 
high cost.

Clinical Applications of CPT
 
1. Pediatric cancer

Childhood cancer survivors who undergo radiotherapy 
are at high risk of deleterious effects on growth and develop-
ment and of tissue late effects, including secondary malig-
nancies. 

In addition to the long life expectancy of children, germline 
predisposition to second malignancy of the childhood cancer 
is also the reason we should reduce normal tissue irradiation 
as much as possible in pediatric cancer patients. Hence, PBT 
has recently attracted worldwide attention as a radiotherapy 
modality for pediatric cancer.

Long-term outcome data showing favorable toxic profile 
of PBT for the treatment of pediatric central nervous system 
cancer such as medulloblastoma has been published [12-14]. 
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Table 1.  Recommended or public health insurance covered indications for charged-particle therapy from several countries

Country Recommendation or Indication

United  Astro Model Policy, group 1: disease sites that frequently the use of proton ocular tumors, 
  States [7]   including intraocular melanomas
     Tumors that approach or are located at the base of skull, including but not limited to chordoma 
       or chondrosarcomas
     Primary or metastatic tumors of the spine where the spinal cord tolerance may be exceeded with conventional 
       treatment or where the spinal cord has previously been irradiated 
     Hepatocellular cancer
     Primary or benign solid tumors in children treated with curative intent and occasional palliative treatment of 
       childhood tumors when at least one of the four criteria noted above apply
     Patients with genetic syndromes making total volume of radiation minimization crucial such as but not limited 
       to NF-1 patients and retinoblastoma patients
     Malignant and benign primary CNS tumors
     Advanced (e.g., T4) and/or unresectable head and neck cancers
     Cancers of the paranasal sinuses and other accessory sinuses
     Non-metastatic retroperitoneal sarcomas
     Re-irradiation cases (where cumulative critical structure dose would exceed tolerance dose)
United NHS England Indications of PBT 
  Kingdom [8] 
     Pediatric tumor
         Most pediatric tumors, malignant and benign
     Adult
         Base of skull tumors (radioresistant) 
         Spinal and paraspinal tumors (radioresistant)
         Paranasal sinus tumors with base of skull involvement
Netherlands [9] Health Council of the Netherlands. Proton Radiotherapy
     Standard indication
         Skull base or spinal chordoma and chondrosarcoma
         Other intracranial, spinal, and paraspinal tumors, including meningioma
         Pediatric tumors, including bone tumors, soft-tissue sarcoma, low-grade glioma, meningioma, 
           medulloblastoma, ependymoma, and neuroblastoma
     Potential indications (cases for which protons may be specifically utilized to improve local control)
         Re-irradiation (malignant brain tumors, head and neck cancer)
         Paranasal sinus tumors, nasopharyngeal carcinoma, prostate, NSCLC, retroperitoneal sarcoma
     Model based indication (cases where proton will be utilized to reduce side effect)
         Re-irradiation (meningioma, head and neck cancer)
         Head and neck cancers, prostate
     Reduction of secondary cancer
         Breast cancer
         Lymphoma
         Testis
Japan [10] Public Health Insurance of Particle Therapy
     PBT
         Pediatric cancer
         Bone and soft tissue sarcoma
         Head and neck
         Prostate
     CIRT
         Bone and soft tissue sarcoma
         Head and neck
         Prostate

(Continued to the next page)
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Furthermore, the relationship between PBT and second-
ary cancer has been clarified. Sethi et al. [15] reported that 
the incidence of secondary cancer in 86 patients with ret-
inoblastoma who were treated with PBT (n=55) or photon  
radiotherapy (n=31). Ten-year cumulative incidence of  
in-field secondary malignancies with PBT was lower than 
with conventional photon radiotherapy (0% vs. 14%, p= 
0.015).

There is only limited research on the role of CIRT for pedi-
atric cancer. Even though it could be efficient for radioresist-
ant tumors of the children, long-term safety data is needed 
because of dosimetric uncertainty different from PBT.  

2. Uveal melanoma
Uveal melanoma is a rare disease that has traditionally 

treated with surgery, brachytherapy, and particle therapy. 
Treatment with PBT was started in 1975 and has been ben-
eficial in preserving vision and controlling disease [16,17]. 
A meta-analysis reported a superior local control (LC) rate 
and fewer adverse events in PBT compared to brachythera-
py [18]. Treatment using carbon ions also showed promising  
results, with an LC rate of 97.4% at 3 years [19]. 

3. Head and neck cancer 
CPT has been applied to radioresistant tumors other than 

squamous cell carcinoma of the head and neck. Adenoid 
cystic carcinoma arising from the salivary gland is a typi-
cal example with promising results using particle therapy. 
Although surgery and postoperative radiotherapy are the 
standard of care, it is still difficult to treat cancerous lesions in 
locations unfit for surgery, and locally advanced cancer with 
perineural invasion makes treatment difficult. PBT [20,21] or 
CIRT [22,23] used as a boost or primary treatment showed a 
high LC rate with acceptable toxicity. 

Another suitable indication for particle therapy for head 
and neck cancer is malignant melanoma [24,25]. A multicent-
er retrospective study in Japan reported promising results in 
260 patients with mucosal melanoma of the head and neck 

when treated with CIRT [25]. Seventy-eight patients had  
lesions in the nasal cavity, and concurrent chemotherapy was 
administered to 129 patients. The LC rate and overall surviv-
al (OS) rates at 2 years were 83.9% and 69.4%, respectively. 
Grade-3 or higher late toxicities were reported in 19% of the 
patients.

In addition, the treatment outcomes of particle therapy 
have been reported for tumors arising from the paranasal 
sinus and nasal cavity, including squamous cell carcinoma 
and rare histologic tumors in the head and neck [26-29]. A 
systematic review and meta-analysis concluded that particle 
therapy could be associated with better outcomes in tumors 
in the paranasal sinus and nasal cavity [26]. In the case of  
re-irradiation, particle therapy could have advantages owing 
to its dose gradient and decreased integral dose [30].

4. Bone and soft-tissue sarcoma
Chordoma is a rare bone tumor with slow growth. How-

ever, these tumors tend to be locally aggressive and have a 
high local recurrence rate. Moreover, they are located along 
the neural axis, clivus, and sacrum, where total resection 
is almost impossible to achieve. For skull-base chordoma, 
the proximity to vital structures also makes it difficult for  
definitive radiotherapy to be applied without complications. 
Therefore, particle therapy is preferred over conventional  
radiotherapy therapy to deliver a sufficient dose to the desig-
nated site. The LC rate has been reported to be 69.7%-87.9% 
[31-34] with an OS rate range of 80%-88.3% at 5 years [31-33]. 
For sacral chordoma, a similar outcome has been reported 
for PBT [34-36]. Although direct comparison of photon and 
particle therapy has not been reported, a recent analysis of 
863 patients with chordoma and chondrosarcoma from the  
National Cancer Center Database showed that PBT was asso-
ciated with an improved OS compared to photon radiother-
apy [37]. CIRT results from the treatment of skull-base chor-
doma and chondrosarcoma were summarized in a recent 
meta-analysis [38]. An estimated LC rate of 80% and 89% at 5 
years was reported in chordoma-only and chondrosarcoma-
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Table 1.  Continued

Country Recommendation or Indication

Korea [10] Public Health Insurance of PBT
     Pediatric cancer
     Re-RT
     Brain, skull base, and spinal tumors
     Head and neck cancer including orbit
     Thorax tumor (lung, esophagus, and mediastinum except breast cancer)
     Abdominal tumors (hepatobiliary, pancreas, and retroperitoneum
Astro, American Society for Radiation Oncology; CIRT; carbon ion radiotherapy, CNS, central nervous system; NHS, National Health 
Service; NSCLC, non–small cell lung cancer; PBT, proton beam therapy; RT, radiotherapy.
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only studies, respectively. Estimates of OS probability at 5 
years in chordoma-only studies and chondrosarcoma-only 
studies were 94% and 95%, respectively. An active investiga-
tion of randomized trials comparing PBT and CIRT of skull-
base chordoma and chondrosarcoma is ongoing [39,40]. 
CIRT of the sacral chordoma also showed promising results, 
with OS rates ranging from 78% to 84% at 5 years [41-44]. 

Possible indication for CIRT include soft-tissue sarco-
mas arising from the axial skeleton or retroperitoneal space  
because they are difficult to approach using surgical meth-
ods [45-47].

5. Lung cancer 
1) Early-stage non-small-cell lung cancer 
For inoperable stage I-II non–small cell lung cancer 

(NSCLC), stereotactic body radiotherapy (SBRT) of photons 
is widely used in the clinic. By delivering an ablative radia-
tion dose to the gross tumor within a few fractions, we can 
achieve an LC rate of over 90%. However, a high tumor-
control rate through SBRT using photons cannot always be 
achieved in clinical practice. Such conditions include pati-
ents who have large or centrally located diseases and are 
prone to severe side effects due to poor general conditions, 
decreased pulmonary function, or recurrent diseases [48]. 
Particle therapy could be advantageous over SBRT under 
such conditions. For large T2 tumors, Iwata et al. [49] report-
ed a 4-year LC rate and OS of 75% and 58% with CPT, res-
pectively. Moreover, particle therapy can safely obtain high 
LCs in cases of centrally located tumors [50]; in patients with 
poor pulmonary function, such as those with idiopathic pul-
monary fibrosis [51-53]; or the elderly [54]. There are no ran-
domized controlled trials (RCTs) that directly compare SBRT 
with particle therapy. However, Chi et al. [55] conducted a 
systematic review and meta-analysis, and reported that even 
with more advanced tumors in terms of size and T category, 
patients treated with particle therapy were found to have 
significantly better OS and progression-free survival (PFS) 
than those treated with photon SBRT in the weighted mul-
tivariate analysis [55]. A retrospective comparison of CIRT 
with SBRT demonstrated a positive efficacy profile of CIRT 
for early-stage NSCLC over SBRT [56].

When CIRT was used, 18 fractions over 6 weeks were  
reduced to nine fractions over 3 weeks and finally to four 
fractions over one week with acceptable efficacy and safety 
[57-59]. A recent study on CIRT reported that even one frac-
tion could achieve favorable outcomes with acceptable toxic-
ity [60,61]. In addition to the advantages of providing con-
venience to the patient by providing single-day treatment, 
CIRT can provide an advantage in terms of cost-effectiveness 
because the number of particle therapy facilities is limited.

2) Locally advanced NSCLC
It is well known that improved LC in locally advanced 

NSCLC is associated with improved OS. The Radiation Ther-
apy Oncology Group 0617 trial failed to show that increased 
doses guarantee improved outcomes. However, excessive 
doses to the lungs and heart are considered to be associated 
with poor outcomes [62,63]. Particle therapy can deliver an 
adequate radiation dose to the target while avoiding normal 
tissue in patients with locally advanced NSCLC. A retro-
spective and phase-I/II study reported the feasibility of PBT 
[64,65] and CIRT [66-70] for locally advanced NSCLC. 

Even with the known advantages of particle therapy, one 
randomized phase-II trial performed to date reported that 
PBT did not have benefits over photons in advanced NSCLC 
[71]. In this study, PBT did not show benefits in LC or inci-
dence rates of grade-3 pneumonitis in patients with stage IIB 
- oligometastatic diseases. However, the results of this study 
should be interpreted carefully. The sample of the study was 
very heterogeneous, with variability in disease states and 
target coverage, and randomization was performed after the 
initial screening with treatment plans of the two modalities. 
Finally, the learning curve of PBT delivery was developed 
through the study period instead of being established before 
the study began [72]. The patient population that will benefit 
from particle therapy should be well defined, and studies 
that integrate chemotherapy and immunotherapy should be 
conducted in the future to reflect current clinical practices. 

There are many limitations in delivering particle therapy 
to organs that move due to respiratory motion, such as the 
lungs. The uncertainty arising from the interplay between 
the scanning beam and moving target needs to be controlled. 
Recently, technical advances have been made to control res-
piratory motion, such as four-dimensional computed tomog-
raphy, respiratory-gated systems, and fast scanning systems, 
as previously discussed [73,74].

6. Liver cancer
The role of radiotherapy in the management of hepato-

cellular carcinoma (HCC) is increasing in clinical practice.  
Recent progress in radiation oncology has enabled the con-
centration of higher-radiation-dose photon beams to the 
tumor surrounded by relatively radiosensitive normal liver 
tissue, and SBRT has become one of the ablative treatment 
options for HCC [75]. The results of particle therapy for HCC 
using protons have been reported at Tsukuba University in 
Japan [76]. The second most common cancer treated with 
PBT is HCC in Japan [77]. The CIRT facility in Japan has also 
started treatment of HCC, and currently 5%-6% of the treated 
patients are HCC patients [78]. Pooled analyses of the results 
of HCC patients treated with particle therapy have been  
reported [79]. By analyzing 16 studies containing reports 
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from 17 cohorts with a total of 1,516 patients treated with 
protons or carbon, the authors concluded that the LC rate 
was 87% and OS was 59% at 3 years. This study showed  
favorable outcomes similar to those of SBRT [80], but it 
should be noted that the population of this study included 
patients with large tumors, portal vein tumor thrombosis 
(PVTT), and liver cirrhosis. The indications for particle ther-
apy of HCC have not yet been determined, but by exploiting 
superior dose profiles, we can apply particle therapy in dif-
ficult cases of clinical situations that are ineligible for photon 
therapy [81,82]. These conditions include large tumor sizes 
[83-85], central lesions near the porta hepatis [86-88], tumors 
with PVTT [89-91] or inferior vena cava tumor thrombosis 
[92], tumors with close proximity to gastrointestinal (GI)  
organs [93], patients with poor liver function or cirrhosis 
[94], and elderly patients [95]. 

Selected studies in particle therapy reported excellent  
tumor control and OS [96,97]. Sanford et al. [82] reported a 
superior OS with PBT over photons-based therapy in their 
retrospective studies. Moreover, studies comparing the effi-
cacy of particle therapy with other local treatment modali-
ties, such as radio-frequency ablation [98] and transarterial 
chemoembolization [99,100] have been reported recently. 
Regarding the fractionation schedule of CIRT, an attempt to 
reduce the fraction schedule from four to two would increase 
the convenience to patients receiving the therapy [97,101]. 
Based on these results, studies should be conducted to clarify 
the benefits of particle therapy in the management of HCC.

The effectiveness of particle therapy in treating unresecta-
ble cholangiocarcinoma has also been investigated [102-104]. 
In these studies, particle therapy showed a high LC rate, but 
distant metastasis still limited the OS gain. Further stud-
ies are needed to establish optimal treatment strategies for  
unresectable cholangiocarcinoma by combining chemother-
apy and particle. 

7. Pancreatic cancer
1) Unresectable locally advanced disease
Multi-agent chemotherapy is the standard treatment for 

unresectable, locally advanced pancreatic cancer. The role of 
local therapy remains controversial. The LAP07 trial showed 
significantly longer period without treatment (6.1 months 
vs. 3.7 months) and reduced local tumor progression (32% 
vs. 46%, p < 0.05) in the chemo-radiotherapy group after 
induction chemotherapy, even though it did not show an 
OS benefit compared to the chemotherapy-alone group. 
Several studies that performed autopsies reported that  
approximately 30% of patients with pancreatic cancer did 
not show evidence of distant metastasis at death. In addi-
tion, the possibility of OS improvement by improving the 
LC through SBRT or dose escalation has been shown in  

recent studies [105,106]. Therapeutic gains can be obtained 
in pancreatic cancer from particle therapy because of the 
limitations in sufficient dose escalation of X-rays due to close 
proximity to the duodenum, stomach, etc. With these theo-
retical advantages, favorable outcomes of unresectable pan-
creatic cancer treated with PBT have been reported [107-113]. 
These studies used diverse fraction sizes of 1.8-4.5 Gy, and 
reported favorable toxicity profiles [114]. Moreover, pancre-
atic cancers are known to be hypoxic; thus, the radiobiologi-
cal advantages of carbon ions with high-LET property can be 
maximized [115]. A few clinical trials and retrospective stud-
ies have evaluated CIRT for unresectable pancreatic cancer 
in Japan [116-121]. Shinoto et al. [117] reported the treatment 
results of 64 unresectable pancreatic cancer patients treated 
with CIRT. Chemotherapy was administered before CIRT to 
78% of patients, and 88% of the patients were treated with 
concurrent gemcitabine and/or S-1. In 75% of patients, the 
distance between the tumor and the GI tract was within 5 
mm. The prescribed dose was 55.2 Gy (relative biological  
effectiveness, RBE) with 12 fractions. They reported an excel-
lent 2-year OS rate of 53%, and grade-3 ulcer/bleeding was 
reported in two patients. Two multi-institutional prospec-
tive phase-III trials comparing photon intensity modulated 
radiotherapy (IMRT) and CIRT are ongoing (NCT03403049 
and NCT03535182). 

2) Potentially resectable disease
In resectable or borderline-resectable pancreatic cancer, 

the role of neoadjuvant treatment is actively being investi-
gated [122-124]. The potential increase in R0 resection rate, 
decrease in locoregional recurrence rate, and better patient 
compliance could be the advantages of incorporating radio-
therapy in the neoadjuvant setting. Retrospective and phase-
I/II trials of PBT [107,122,124-127] and CIRT [119,128] have 
been reported, but more prospective trials are needed for  
radiotherapy, including particle therapy, to be established as 
a standard treatment. 

8. Prostate cancer
Radiotherapy is used as a definitive treatment for patients 

with prostate cancer. Due to the dose-dependent tumor-
control rate and frequent late GI and genitourinary toxicity, 
IMRT is commonly used in the clinic. PBT and CIRT have 
advantageous physical properties over photon-based radio-
therapy because they can provide adequate dose distribu-
tion with fewer beam portals. Theoretically, PBT and CIRT 
may seem ideal for subsequent dose escalation with mini-
mal toxicity. However, due to the lack of clinical trials that 
directly compare the effects of particle therapy with photon 
beam radiotherapy, it is difficult to evaluate the superiority 
of particle therapy. The limited number of institutions that 
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can conduct clinical studies involving particle therapy is also 
a major limitation.

Despite these limitations, many studies have reported 
that PBT [129-133] and CIRT [134-138] show lower toxicity 
compared to IMRT [139]. Prostate cancer is characterized by 
a very low α/β ratio, thus leading to the theoretical supe-
riority of particle therapy with a hypofractionated schedule 
over conventional photon radiotherapy. With 12 fractions at 
3 weeks, CIRT showed superior 5-year biochemical-free sur-
vival (88%-92%) in high-risk prostate cancer patients com-
pared to the previously reported result of the IMRT group 
[134,135]. 

As particle therapy is a limited medical resource, there 
are constraints on its widespread use for prostate cancer. 
With a gradual decrease in the cost of the facility, efficiency 
of the hypofractionation schedule, low toxicity profile, high 
biochemical control rate of intermediate or high-risk disease, 
and reduced secondary cancer risk [140], it is expected that 
particle therapy of prostate cancer will become a cost-effec-
tive treatment in the near future. Since April 2018, particle 
therapy for prostate cancer has been covered by the Japa-
nese National Health Insurance System [139]. The majority 
of patients treated with CPT in Japan were prostate cancer 
patients [77,78].

9. GI malignancy
1) Esophageal cancer
There is still little evidence on the role of particle thera-

py in the treatment of esophageal cancer. However, many 
studies have shown that toxicity can be reduced by reduc-
ing the dose to the heart and lungs during particle therapy, 
and recent studies have reported that acute hematologic tox-
icity of grade 4 or higher can be reduced using PBT com-
pared to IMRT in the treatment of esophageal cancer [141]. 
Moreover, PBT reduced the risk and severity of adverse 
events compared to IMRT while maintaining a similar PFS 
in a randomized phase-IIB trial [142]. Regarding oncological 
outcomes, there are no RCTs that directly compare PBT and 
photon therapy, and a retrospective study has reported the 
improved OS of PBT over IMRT [143]. Xi et al. [143] report-
ed that patients who received PBT had significantly higher 
5-year OS rates than IMRT (41.6% vs. 31.6%), and PBT was 
a significant factor for OS in multivariate analysis. Akutsu 
et al. [144] reported a clinical trial of a preoperative short-
course CIRT for esophageal cancer. In their report, a com-
plete response was achieved in 39% of the patients, and 42% 
of patients achieved a partial response after treatment with 
a total dose of 28.8 Gy (RBE) and up to 36.8 Gy (RBE) in 8 
fractions. Further studies are needed to select the optimal  
patient to benefit from particle therapy in the treatment of 
esophageal cancer.

2) Recurrent rectal cancer
Local recurrence occurs in 5%-10% of patients after surgi-

cal resection of rectal cancer [145]. Therapeutic options for 
salvage treatment of locally recurrent rectal cancer are lim-
ited, especially in patients who have undergone preopera-
tive radiotherapy [146]. CIRT has shown promising results 
in these diseases. Shinoto et al. [147] reported multi-institu-
tional retrospective data of 224 patients treated with CIRT in  
Japan. They reported an LC rate of 93% and an OS rate of 
73% at 3 years with limited toxicity. In the case of re-irradia-
tion, CIRT shows promising results [148-150].

10. Breast cancer
The largest proportion of patients receiving radiother-

apy are breast cancer patients. It is well known that radia-
tion dose to the heart is associated with late cardiovascular 
disease after breast radiotherapy [151]. The use of protons 
would spare the heart from radiation and could result in 
fewer morbidities later in life. Thus, PBT can be cost-effective 
for patients with one or more cardiac risk factors. The risk 
factors include left breast cancer, post-mastectomy chest wall 
irradiation, and node-positive disease receiving for regional 
nodal irradiation [152].

Clinical Research to Broaden the Indication 
of CPT

We have to admit that there are lack of high level of evi-
dence to support superiority of particle therapy over conven-
tional photon therapy. RCTs are crucial in defining the role 
of CPT but cannot and should not be used exclusively to in-
vestigate this. RCTs between CPT and conventional photon 
treatment in a population that are not particularly abundant 
as individuals who are likely to experience a difference are 
not a suitable tool to the identification and quantification of 
the clinical benefit of CPT. Several different methodological 
approaches are needed. Establishing the relative role of CPT 
will include estimating the magnitude of benefit, which is 
likely to be different in different patient groups. In addition, 
understanding the scientific principles, and uncertainties or 
ensuring safety, underlying CPT is crucial to achieving great-
est clinical benefit for patients [8]. These clinical studies in-
volve clinical cohort study with long-term outcome tracking 
of every patient treated. Since the number of CPT center is 
limited, introduction of an appropriate referral system and 
multicenter registry are essential to successfully carry out 
these studies. Beside clinical studies, translational studies to 
maximize the possible benefit of particle therapy should be 
conducted in parallel. These studies include the application 
of ultra-high dose-rate (FLASH) therapy of proton beam, 
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clinical application potent immunogenic effect of CPT and 
studies to understand basic biologic interaction of heavy ions 
such as carbon or oxygen ions. 

There are several factors that influence the optimal num-
ber of particle therapy facilities needed in one society. The 
expansion of the particle therapy facility should be accompa-
nied by studies necessary to select patients who can benefit 
from the CPT as described above, and at the same time, cost-
effective analysis considering nationwide medical cost and 
changes in healthcare insurance policy should be carefully 
considered [153]. The proportion of the patients treated with 
PBT or CIRT in California, Japan, and United Kingdom were 
summarized in Table 2 [8,11,77,78]. Recently in United States, 
the number of proton centers has expanded rapidly from 
two centers in 2004 to 27 centers in 2020. However, decline of  
insurance coverage and shortage of patient brought finan-
cial problem to one-third of the institutions [154,155]. On the 
other hand, in United Kingdom, two proton centers opened 
in 2018 and 2020 and started to treat patients focusing on 
pediatric patients after decade-long careful planning [8]. In 
Nethelands, the three new proton beam therapy centers will 
use a normal tissue complication probability model to select 
patients who are expected to benefit significantly from PBT 
on the basis of comparative planning for individual patients 
[156]. In Japan, there are 18 proton centers and six carbon 
centers, and coverage of national health insurance for parti-
cle therapy are expanding including prostate cancer. 

In Korea, two proton centers have been established from 
2007 (National Cancer Center, Goyang) and 2015 (Samsung 
Medical Center, Seoul). National Cancer Center is planning 
the installation of the second cyclotron for PBT. Moreover, 

Seoul National University Hospital and Yonsei University 
Hospital decided to set up CIRT centers in Busan and Seoul, 
respectively, and these centers will open within 3 to 4 years. 
At the beginning of the expanding CPT facilities in Korea, 
efforts should be made to build high-level evidence that can 
confirm clinical benefits of particle therapy. Along with these 
efforts, it is necessary to carefully increase the number of  
patients who can benefit from CPT in consideration with the 
nationwide medical cost. In addition, the initial set-up cost of 
these facilities is gradually decreasing. Eventually, with these 
efforts, CPT will improve the survival rate and quality of life 
of cancer patients and contribute to the decline of secondary 
malignancy among cancer survivors.
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Introduction

Charged-particle therapy (CPT) is advantageous for treat-
ing cancer patients compared to photon-based radiotherapy 
using X-rays by virtue of the charged particles’ unique physi-
cal and biological properties, which are superior to those of 
X-rays in terms of cancer treatment [1]. The aforementioned 
properties of CPT result in more damage to tumor cells,  
enhancing the local control (LC) rate while causing less dam-
age to normal tissue, which induces lower treatment-related 
complications compared to X-ray–based radiotherapy [1]. 
Nevertheless, the clinical adoption of CPT has been slower 
than that of X-ray–based radiotherapy owing to technical 
difficulties as well as the large facility-establishment cost 
[2]. With technological advances, the technical difficulties in 
the clinical use of particle beams have been overcome, and 
the cost-effectiveness of CPT has also been improved [3,4]. 
Therefore, the numbers of particle-therapy facilities and  
patients treated with CPT have increased rapidly recently 
[5]. The numbers of patients treated with protons and car-
bon ions between 2010 and 2014 were 51,098 and 10,154,  
respectively. However, between 2015 and 2019, these num-
bers reached 104,230 and 18,402, respectively, indicating  
respective increases of 200% and 180%. Here, we describe the 
technological advancements that led to this growth.

History of CPT
 

In 1904, Sir William Henry Bragg, a British physicist, repor- 
ted a phenomenon in which a charged particle deposits 
much of its energy at the end of its range, resulting in a 
peak in the depth–dose plot along the beam direction in a  
medium, which is called the Bragg peak [6]. Robert R. Wilson 
recognized the clinical significance of the Bragg peak for the 
treatment of cancer, as favorable dose distributions could be 
generated using the Bragg peaks by localizing doses within 
the tumor volume to control tumors while minimizing doses 
to normal tissues [7]. He published a paper proposing the 
clinical use of protons and heavy ions for cancer treatment 
in 1946 [7]. He also suggested a method to cover the entire 
volume of tumors by stacking multiple pristine Bragg peaks 
called spread-out Bragg peaks (SOBP) [7]. Prior to Wilson’s 
proposal, Lawrence developed a cyclotron at the University 
of California Lawrence Berkeley Laboratory (LBL) in 1930 [4]. 
He suggested that Cornelius A. Tobias and John H. Lawrence 
validate Wilson’s proposal by using the 184-inch cyclotron 
[4]. They performed an animal study and obtained favora-
ble results in 1954. Based on those results, in the mid-1950s,  
Tobias, Lawrence, and others treated a cancer patient with 
proton beams for the first time using the 184-inch cyclotron 
at the LBL [8]. In the late 1950s, Larsson and Leksel devel-
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oped radiosurgical techniques with proton beams to treat 
brain tumors at the Gustaf Werner Institute in Uppsala, Swe-
den [9]. They were the first to generate SOBP by range modu-
lation along the beam direction and to use beam scanning to 
cover the tumor volumes in the lateral direction. Since the 
1960s, there has been much activity in proton beam therapy 
(PBT) worldwide, especially in Russia, Europe, South Africa, 
and Japan [4]. The first hospital-based PBT was initiated in 
1990 at the Loma Linda University Medical Center (LLUMC) 
with a synchrotron capable of accelerating protons up to 250 
MeV and three isocentric gantries [10]. During the design of 
the LLUMC accelerator, the Proton Therapy Co-Operative 
Group, which is an international non-profit organization 
consisting of scientists in the field of PBT, was founded in 
1985 [4]. Its name was later changed to the Particle Therapy 
Co-Operative Group as it was involved not only PBT but 
also heavy-ion therapy [4]. Many PBT facilities have been  
established, and there are currently 97 PBT facilities in opera-
tion worldwide [11]. Until 2019, 222,425 patients were treated 
with PBT worldwide [5].

For heavy-ion radiotherapy, the LBL group started a 
heavy-ion therapy program with the BEVELAC accelerator 
in 1975 [12]. The LBL group provided beam-delivery tech-
nologies and software, while the University of California at 
San Francisco provided medical expertise [4]. At the LBL, 
the first helium-ion radiotherapy, carbon-ion radiotherapy 
(CIRT), neon-ion radiotherapy, argon-ion radiotherapy, 
and silicon-ion radiotherapy were carried out in 1975, 1977, 
1977, 1979, and 1982, respectively [13,14]. The LBL heavy-ion  
radiotherapy program was terminated in 1992 [15]. In 1994, 
the first dedicated medical facility for heavy-ion radiother-
apy in the world was established in Japan, which was the 
Heavy Ion Medical Accelerator in Chiba (HIMAC) at the  
National Institute of Radiological Sciences (NIRS), which is 
now called the National Institute for Quantum and Radio-
logical Science and Technology (QST/NIRS) [3,16]. Before 
adopting heavy-ion radiotherapy, the NIRS performed CPT 
with fast neutrons and protons starting from 1975 [3,16]. 
Based on extensive studies to optimize the ion species for 
heavy-ion radiotherapy, the NIRS chose the carbon, which 
showed optimal relative biological effectiveness (RBE) and 
optimal oxygen enhancement ratio (OER) [1-3,16]. For effec-
tive radiotherapy, high RBE and low OER are typically pre-
ferred [17]. Heavier ions have higher  linear energy transfers 
(LETs) across the Bragg peak than lighter ions [18]. How-
ever, for very large particles, such as argon, the increase in 
LET occurs in the plateau region of the beam path and not 
only at the Bragg peak, which results in excessive normal-
tissue damage [19]. Therefore, neither very small and nor 
very large particles are optimal for heavy-ion radiotherapy 
[19]. Carbon ions show a favorable peak-to-plateau ratio 

showing the maximum RBE at the Bragg peak region [19].  
Accordingly, the carbon ions have optimal RBE as well as 
OER, which improves the LC while minimizing the risk of 
normal tissue complications. Therefore, the NIRS has cho-
sen carbon ions for heavy-ion radiotherapy [17]. In addition, 
the NIRS had been engaged in treating cancer patients with 
neutrons for about 20 years, which have a similar LET to 
that of carbon ions [17]. The NIRS could take advantage of 
the clinical experience of neutron therapy for CIRT. In this  
respect, carbon ions were chosen for patient treatment at the 
NIRS and have treated patients with carbon ions since 1994 
[17]. After the HIMAC, the Hyogo Ion Beam Medical Center 
(HIBMC) started CIRT as well as PBT in Japan in 2002 [17]. 
In 2003, CIRT was approved as an advanced medical tech-
nology by the Japanese government; therefore, carbon ion  
facilities in Japan have received reimbursement for CIRT 
since 2003 [3]. In 2010, the NIRS collaborated with Gunma 
University to develop a compact synchrotron with a diame-
ter approximately half that of the synchrotron of the HIMAC 
(approximately 20 m vs. approximately 40 m) [3]. By doing 
so, a compact CIRT facility could be constructed, with a size 
of approximately one-third of the HIMAC (building sizes of 
approximately 45×60 m2 vs. approximately 65×120 m2) [3]. 
By reducing the building size, the cost of establishing a CIRT 
facility could be reduced significantly. In 2013, the SAGA 
Heavy Ion Medical Accelerator in Tosu (SAGA-HIMAT) 
started CIRT, and in 2015, the Kanagawa Cancer Center start-
ed CIRT in Japan [17]. The most recent CIRT facility in opera-
tion in Japan is the Osaka Heavy-ion therapy Center, which 
started patient treatment in 2018. In Europe, the Gesellshaft 
fur Schwerionenforschung (GSI) in Germany started CIRT in 
1997 and had treated 440 patients as of 2005 [20]. In contrast 
to the NIRS, the GSI developed and adopted the pencil-beam 
scanning technique, not the passive beam irradiation with 
SOBP for beam delivery [20]. In 2009, the clinical service 
with carbon-ion beams provided by the GSI was succeeded 
by the Heidelberg Ion-Beam Therapy Center (HIT), which is 
the first hospital-based particle-therapy facility in the world 
treating patients with proton and carbon-ion beams with the 
pencil-beam scanning technique [21]. In 2012, the Centro  
Nazionale Adrontherapia Oncologica (CNAO) in Italy start-
ed patient treatment with carbon-ion beams [17]. In 2015, the 
Marburg Particle Therapy Center in Germany initiated CIRT 
[11]. In Austria, MedAustron, which is the most recent CIRT 
facility in Europe, started patient treatment in 2019 [11]. In 
China, the Institute of Modern Physics started clinical trials 
for CIRT in 2006 [17]. Subsequently, the Shanghai Proton and 
Heavy Ion Center started CIRT in 2014 [17]. The Heavy Ion 
Cancer Treatment Center in Wuwei, which started patient 
treatment in 2019, is the most recent CIRT facility in opera-
tion in China [11]. In 2019, 34,138 patients were treated with 
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CIRT worldwide [5]. A total of 12 carbon ion facilities are cur-
rently in operation worldwide [11]. 

Technical Developments in Carbon-Ion Beam 
Irradiation Techniques

1. Layer-stacking method
Until 2011, the NIRS HIMAC used the SOBP-based pas-

sive-beam irradiation carbon-ion beam-delivery technique 
[3]. The passive beam irradiation increases neutron contami-
nation, irradiation proximal to the target volume, and inte-
gral doses, which are clinically undesirable [22]. Therefore, 
to reduce the normal-tissue irradiation proximal to the tar-
get volume, the layer-stacking method, which delivers thin 
Bragg peaks (generally 1 cm) layer by layer from the distal to 
the proximal direction of the tumor volume, was introduced 
in Japan [23]. The lateral shapes of the irradiation fields were 
defined by the multi-leaf collimator (MLC) to conform to the 
tumor shape in the beam’s-eye view at a specific depth. The 
depths of the thin Bragg peaks (i.e., layers) were determined 
using the range shifter. By doing so, normal-tissue irradia-
tion proximal to the tumor can be reduced significantly [23]. 

2. Pencil-beam scanning technique
The pencil-beam scanning technique paints doses over the 

tumors continuously with narrow Bragg peaks using mag-
nets [24]. In 1997, the world’s first pencil-beam scanning-
beam delivery technique, raster scanning, was presented at 
the GSI [24]. Transverse scanning was performed using two 
scanning magnets. The depths were modulated by utilizing 
the range shifters. In 2009, the HIT, which was a successor to 
the GSI, also adopted the pencil-beam scanning technique for 
patient treatment [21]. The NIRS and CNAO started apply-
ing pencil-beam scanning beam delivery in 2011 and 2012, 
respectively [3,17]. In 2014, depth modulation was achieved 
by a multiple-energy operation with extended flattops of the 
synchrotron without the range shifters at the NIRS, which 
enabled the maintenance of a small lateral beam size and a 
reduction in neutron contamination [25]. Although the pen-
cil-beam scanning technique has various advantages over 
the passive irradiation technique, it is vulnerable to tumor 
movement due to patient respiration because a combination 
of the dynamic beam delivery of the pencil-beam scanning 
technique and the moving target could result in dose-deliv-
ery errors owing to the interplay effect [26]. In other words, 
in extreme cases, no doses would be deposited in some  
regions in the target volume, or doses as large as twice the 
prescription dose would be deposited in some regions in the 
target volume. Moreover, unintended normal-tissue irradia-
tion with high doses may occur. This problem was solved 

at the NIRS using extremely fast scanning of the beam with 
a scanning speed of up to 100 mm/msec [26]. Compared to 
the pencil-beam scanning motion, the respiratory motion of 
the target volume is quite slow; therefore, the target volume 
can be regarded as static. In addition, to smear out the dose-
delivery errors via single scanning, a rescanning technique 
that scans the target volumes four or eight times was pro-
posed [26]. The NIRS began using respiratory-gated phase-
controlled rescanning irradiation for moving targets in 2015 
[26]. 

Rotating Gantry for CPT

The rotating gantry enables beam delivery at various  
angles; therefore, the optimal beam paths can be selected 
for each patient considering the target volume locations as 
well as organ at risk locations, resulting in favorable dose 
distributions [27]. If patient treatment is performed with-
out the rotating gantry, that is, with fixed beam ports, the 
patient should be tilted on the couch by approximately 20° to  
secure more beam paths [27]. In this case, the patient’s body 
is deformed by gravity despite rigorous immobilization [3]. 
To generate a treatment plan, the body images of the patient 
deformed by tilting needs to be matched to the patient’s ref-
erence body images using a deformable image-registration 
algorithm [3]. This increases uncertainties in dose calcula-
tion, which is undesirable [27]. If a rotating gantry is used, 
deformable image registration is not required. In addition, 
when tilting a patient, to reduce the patient-setup error, the 
patient needs to be rigorously immobilized as mentioned 
above, which increases the staff workload, patient discom-
fort, and setup time [3]. A rotating gantry can eliminate these 
problems. Moreover, it enables intensity-modulated particle 
therapy, which can generate favorable dose distributions 
[27]. Therefore, CPT with a rotating gantry is more effective 
and efficient than that with fixed beam ports. For PBT, the 
first rotating gantry was installed at the LLUMC in 1990 [10]. 
For heavy-ion radiotherapy, the world’s first rotating gantry 
was installed at the HIT in 2012 [21]. The prototype of the 
rotating gantry was tested at the GSI, and the rotating gan-
try system, which was produced by MT Mechatronics (MT 
Mechatronics, Mainz, Germany), was huge, with a length 
and weight of approximately 25 m and 600 tons, respectively 
[28]. To reduce the size and weight of the rotating gantry for 
heavy-ion radiotherapy, the NIRS utilizes superconducting 
magnet technology [3]. The world’s first superconducting  
rotating gantry for heavy-ion radiotherapy was installed 
at the HIMAC by NIRS in 2017 [19]. With the use of super-
conducting magnets, the length and weight of this rotating 
gantry were brought down to approximately 13 m and 300 
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tons, respectively [3]. The first patient was treated with this 
rotating gantry using superconducting magnets in 2017. One 
year later, the first patient with moving targets was treated 
with the system at the HIMAC. Recently, the design of the 
scanning magnets was improved and a more compact rotat-
ing gantry than that at the HIMAC was commercialized and 
installed at the Yamagata University Hospital. The volume 
of the new rotating gantry was only 60% of that at HIMAC. 
This state-of-the-art superconducting rotating gantry will be 
installed at the Yonsei University Hospital and CIRT Cent-
er of Seoul National University Hospital in the Republic of  
Korea. 

Image-Guided Particle Therapy

In the 1970s, the first image-guided particle therapy was 
enabled by the Massachusetts General Hospital and the LBL 
group, who developed the two-dimensional X-ray image 
guidance technique [29]. This image-guidance technique was 
introduced before X-ray–based radiotherapy. Because imag-
ing with particle beams is extremely difficult and requires 
extremely high-energy particle beams to be transmitted to 
the patient body, two-dimensional X-ray imaging was used 
for CPT [29]. 

Image guidance with volumetric imaging for CPT lagged 
behind that of X-ray–based radiotherapy with linacs [29]. 
This is attributed to the small number of particle-therapy  
facilities compared to that of X-ray–based radiotherapy facili-
ties and the heterogeneity in the design of the CPT machines, 
which made it difficult to develop commercial volumetric 
imaging systems. In this respect, the first gantry-mount-
ed kV cone beam computed tomography (CBCT) became 
commercially available for PBT in 2014 [29]. For heavy-ion  
radiotherapy, instead of the gantry-mounted CBCT, the NIRS 
proposed a horizontal computed tomography (CT) system 
for rooms in the late 1990s [30]. Subsequently, heavy-ion  
radiotherapy facilities adopted in-room CTs sliding on rails 
for volumetric image guidance [31]. Generally, in-room CT 
scanners are located several meters away from the beam 
ports to avoid disturbing the treatment workflow, as well 
as to minimize the hardware damage by neutrons from the 
particle beams [29]. When imaging is done, the CT scanner 
slides on the rail to the imaging position. The robotic couch 
is located at the imaging position, and volumetric images 
are acquired. After image acquisition, the robotic couch is 
located at the treatment position, and treatment beams are 
delivered to the patient.     

In 2015, the NIRS developed marker-less respiratory-gated 
heavy-ion radiotherapy with X-ray fluoroscopy [32]. During 
beam irradiation, the position of the moving target volume 

was identified in real-time using X-ray fluoroscopy. When 
the center of mass of the target volume was located at a pre-
defined position during patient respiration, the treatment 
beam was on. The first patient treated with this technique 
at the NIRS was a patient with lung cancer. Currently, the 
NIRS is working on image guidance utilizing artificial intel-
ligence technology [3]. With deep neural network-based real-
time image processing, the NIRS is trying to deliver prescrip-
tion doses accurately and precisely to targets moving due to  
patient respiration. 

Future of CPT

1. Ultra-high-dose-rate (FLASH) CPT
FLASH radiotherapy is a new radiotherapy technique that 

delivers a prescription dose at ultra-high dose rates exceed-
ing 40 Gy/sec, which could result in improved sparing of 
normal tissue while maintaining damage to tumor cells [33]. 
Although the mechanism of the FLASH effect is unknown, 
the possibility of FLASH radiotherapy showing significant 
improvement in the tumor-control probability over the 
normal tissue-complication probability was recently dem-
onstrated in preclinical animal studies with electron beams 
[34]. For PBT, an in vitro study showed that FLASH irradia-
tion could improve late adverse biological effects [35]. Cur-
rently, FLASH radiotherapy is not yet clinically available and  
remains in the research stage. Several recent studies pro-
posed a technical strategy for clinical PBT machines to be 
used for FLASH radiotherapy [36].

2. Multi-ion irradiation: biological optimization
By mixed-beam irradiation of multiple ions, a high LET 

could be painted onto radioresistant regions in the target vol-
umes while lowering the LET to normal tissue [37]. This can 
enhance tumor control more effectively and minimize local 
relapse. This treatment technique has not been applied clini-
cally to patients yet and is in the research stage. The NIRS is 
currently developing a multi-ion irradiation technique with 
several candidate ions, such as helium, carbon, and oxygen 
ions [3]. 

3. Extremely compact particle-therapy system
By applying the superconducting magnet technology 

not only to the rotating gantry but also to the synchrotron, 
NIRS/QST is developing the SUPERconducting Magnet  
INstalled Ion Medical Accelerator in Chiba (Super MINI-
MAC or Quantum Scalpel) which is an extremely compact 
particle-therapy system with dimensions of 10 m×20 m 
[3]. This next-generation heavy-ion radiotherapy system is  
expected to reduce both the site size and cost of establishing 
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a heavy-ion radiotherapy facility. This extremely compact 
particle-therapy system is expected to lower the barrier to 
heavy-ion radiotherapy. 

Conclusion

The clinical use of charged particles for the treatment of 
cancer patients was first proposed by Wilson in 1946. Since 
then, 222,425 and 34,138 patients were treated with PBT and 
CIRT, respectively, as of 2019. With its unique physical and 
biological properties, CPT has been proven effective in the 
treatment of cancer patients by active clinical investigations. 
Recent technological advances have focused on the direc-
tions in which CPT can improve clinical efficacy and effi-
ciency. The installation cost, which has been considered a 
major obstacle to the spread of CPT, continues to decrease. 
With these efforts, it is expected that more patients will ben-
efit from CPT, and the evidence for its clinical usefulness will 
become more substantial in the near future.
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Introduction

Cancer-related fatigue is a common and painful side effect 
that occurs over the course of cancer treatment [1]. The clinical 
guidelines of the National Comprehensive Cancer Network   
defines cancer-related fatigue as a distressing, persistent, sub-
jective sense of physical, emotional, and/or cognitive tired-
ness or exhaustion related to cancer or cancer treatment that 
is not proportional to recent activity and interferes with usual 
functioning [2]. Numerous studies report that approximately 
30%-60% of cancer patients experience moderate or worse 
levels of cancer-related fatigue symptoms, leading some  
patients to stop their cancer treatment [3]. Cancer-related 
fatigue can occur before the commencement of cancer treat-
ments and it tends to increase during the process of radio-
therapy or chemotherapy [4,5]. 

Cancer-related fatigue typically improves within a year  
after the completion of cancer treatments; however, 25%-30% 
of patients continue to experience these symptoms for sev-
eral years after the successful completion of cancer treatments 

[6,7]. Cancer-related fatigue manifests through diversified 
physical, psychological, and emotional clinical symptoms,  
affecting the overall quality of life of cancer patients [7,8].  

Cancer-related fatigue can be affected by diverse demo-
graphic, medical, psychosocial, behavioral, and biological 
factors [9]. The underlying mechanisms of cancer-related  
fatigue are associated with abnormal cytokine control, hor-
monal secretion of hypothalamus-pituitary gland-adrenal 
gland axis, and 5-hydroxytryptophan neurotransmitter con-
trol [10]. The precise physiological mechanism that induces 
cancer-related fatigue is not fully understood; however, psy-
chological factors, such as depression and anxiety, and socio-
cultural factors, such as biorhythm, act together with these 
physiological factors [11]. 

The aim of this study is to explore whether the cancer-relat-
ed fatigue may be the most important factor for the quality of 
life of cancer patients. We sought to examine cancer-related 
fatigue by confirming its correlation with clinical indices, 
including depression, anxiety, insomnia, quality of life, dys-
functional belief on sleep, and sleep structure. Moreover, 
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we sought to examine the pathway by which cancer-related  
fatigue interacts with these clinical indices to affect the quality 
of life of patients with cancer.

Materials and Methods
 
1. Patients 

This study was conducted on all patients capable of com-
pleting a questionnaire and interview at their initial exami-
nation among the patients who visit the sleep clinic for can-
cer patients of Asan Medical Center between December 1, 
2018, and January 31, 2020. Patients who could not complete 
the questionnaire or be interviewed due to any communica-
tion disability were excluded from the study. Patients with 
accompanied mental disorders, such as delusion or psycho-
sis, were also excluded.   

2. Study design  
The questionnaire included the Insomnia Severity Index 

(ISI), Patient’s Health Questionnaire-9 (PHQ-9), Fear of Pro-
gression (FoP), State subcategory of State and Trait Anxiety 
Inventory (STAI), Cancer related Dysfunctional Beliefs about 
Sleep (C-DBS), WHO-5 questionnaire, Pain Numeric Rating 
Scale (Pain NRS), and Fatigue Numeric Rating Scale (Fatigue 
NRS), which patients were required to complete at their ini-
tial examination. 

The results were assessed by reviewing the medical  
records of the patients who visited the Cancer Stress and Sleep 
Clinic of Asan Medical Center between December 1, 2018 and 
January 31, 2020. Sleep structure was assessed using time to 
bed, sleep onset, and wake; sleep onset latency (SL); total 
time in bed (TIB); total time in bed during 24 hours (TIB/d); 
and total time in bed during the daytime (TIB/daytime). In  
addition, demographic data, including the sex, age, type and 
stage of cancer diagnosis, current status of treatment (anti-
cancer treatments, radiotherapy, immunotherapy, and/or 
hormonal therapy), medical history of surgery over the last 3 
months, and other medications, was analyzed. 

Mutual correlations among the clinical indices, including 
depression, anxiety, insomnia, dysfunctional thinking on 
sleep, and fear of cancer progression; sleep-related indices; 
cancer-related fatigue; and quality of life were analyzed to 
examine the risk factors that affect the quality of life and  
fatigue symptoms of cancer patients.   

3. Assessment tools 
The PHQ-9 was used to assess depression symptoms [12]. 

This is a self-report type questionnaire of nine questions,  
including unpleasantness, depression, insomnia, fatigue, 
loss of appetite, feeling of guilt, degradation of concentra-

tion, delay in mental exercises, and thoughts on suicide/
self-infliction. The STAI was used to assess anxiety [13]. 
This is a self-report type questionnaire composed with a 
4-point Likert scale that includes questions on the state and 
traits of anxiety. In this study, items of the subordinate cat-
egory for the state of anxiety were used. The ISI was used to  
assess insomnia-related anxiety [14]. This includes seven 
self-report type questions on insomnia symptoms. Each 
question is measured using a 0-4 point Likert scale; higher 
scores indicate more severe insomnia symptoms. The C-
DBS was used to assess dysfunctional thinking about sleep 
in cancer patients [15]. This is composed of two questions: 
“My immune system will have serious problems if I don’t 
go to sleep at a certain time” (Q1-immune) and “If I don’t 
sleep well at night, my cancer may recur or metastasize” (Q2-
recurrence). Patients are instructed to score their responses 
from 0-10 for each question. The sum of the scores is calcu-
lated as the C-DBS score. The FoP questionnaire was used to 
assess the extent of fear towards the aggravation of patients 
with chronic diseases [16]. This is composed of 43 questions 
that are grouped into subcategories relating to ‘anxiety’ and 
‘adaption.’ Each question is measured with score in the range 
of 1-5 points. The Korean translated version of the FoP Ques-
tionnaire Short Form (FoP-Q-SF), which is composed of 12 
questions, was used [17,18]. 

The WHO-5 Questionnaire was used to assess the qual-
ity of life of patients [19]. This is composed of five questions 
that are scored in the range of 0-5. The sum of the scores is 
calculated and multiplied by 4 to provide an overall quality 
of life score (0-100). The Fatigue NRS [20,21] and the Pain 
NRS [22] were used to assess cancer-related fatigue and pain, 
respectively.    

4. Statistical analysis 
Spearman’s correlation analysis was performed to assess  

the correlation between the self-report questionnaires (PHQ-
9, ISI, STAI, FoP, and C-DBS). Additional correlation analyses 
were performed to measure the association between sleep 
indices (SL, TIB/d, TIB/daytime) the self-report question-
naires. Patients were divided into groups based on their  
Fatigue NRS scores; one group included those who reported 
extensive fatigue (scores of 8-10, accounting for the top 25% 
of patients) and one group included those without exten-
sive fatigue (scores of 0-7, accounting for the bottom 75% of  
patients). Student’s t test and chi-square test were performed 
to analyze the differences questionnaire scores, sleep indices, 
and other clinical indices between groups. 

To assess the factors associated with differences in qual-
ity of life, patients were divided into groups based on their 
WHO-5 Questionnaire scores; one group included those who 
reported low quality of life (scores of 0-12, accounting for 
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the bottom 25% of patients) and one group included those 
who reported high quality of life (scores of 16-80, accounting 
for the top 75% of patients). Student’s t test and chi-square 
test were performed to analyze the differences question-
naire scores, sleep indices, and other clinical indices between 
groups.  

We hypothesized that TIB/daytime would be associated 
with cancer-related fatigue or quality of life. To confirm this 
hypothesis, comparative analysis (t test and chi-square test) 
was performed on the self-report questionnaire scores, can-
cer-related fatigue, and quality of life between patients with 
a TIB/daytime > 30, > 60, and > 120 minutes. 

Logistic regression analysis was performed to assess the 
risk factors for cancer-related fatigue and quality of life. Odds 
ratio values were calculated with age, sex, cancer types, and 
psychiatric diagnosis as confounding factors. In addition, a 
hypothetic model of the underlying pathway of how cancer-
related fatigue affects quality of life was established using  
existing studies [23], and pathway analysis was executed. 
SPSS ver. 21.0 (IBM Corp., Armonk, NY) and AMOS was 
used for statistical and pathway analysis. Data were consid-
ered significant when p < 0.05. 

Results

Full patient demographics are described in Table 1. We 
found that 130 of 159 subjects (81.8%) were females and the 
mean age patients was 54.9 (standard deviation, 11.6) years. 
The proportion of cancer types were breast cancer (52.2%), 
lung cancer (8.8%), and pancreatic and biliary cancer (8.2%) 
in this patient cohort. Approximately one quarter of patients 
(25.2%) had undergone surgery during the last 3 months, 
and 8.2%, 28.3%, 30.2%, and 5.7% of patients were receiving 
radiotherapy, chemotherapy, hormonal therapy, and immu-
notherapy, respectively, at the time of the initial examination. 
Over half the patients reported insomnia (57.2%). Depres-
sion and acute stress reaction/adaption disorder were also 
reported in 22.6% and 7.5% patients, respectively. 

The correlations between sleep indices and self-report 
questionnaire scores are shown in Table 2. There were sig-
nificant negative correlations of age with depression, anxiety, 
and fear of progression. There were significant correlations  
between depression and insomnia, anxiety, FoP, and C-DBS 
(all p < 0.01). In addition, C-DBS was significantly correlated 
with insomnia, depression, anxiety, and fear of cancer pro-
gression (p < 0.01). TIB/d was correlated with depression 
and anxiety (both p < 0.01), and it showed that a reduction in 
physical activity and delay in mental exer cises are important 
characteristic of depression [24]. 

Comparative analysis of the questionnaire results, clinical 

Table 1.  Patient demographic and clinical characteristics

Variable Subjects (n=159)

Female sex 130 (81.8)
Age (yr) 54.84±11.55
Cancer type  
    Breast 83 (52.2)
    Lung 14 (8.8)
    Pancreatic and biliary tract 13 (8.2)
    Hematology 12 (7.5)
    Gastro-esophageal 9 (5.7)
    Gynecologic 8 (5.0)
    Urinary tract 6 (3.8)
    Colorectal 3 (1.9)
    Liver 2 (1.3)
    Others 9 (5.7)
Cancer stages  
    Stage Ⅰ 45 (28.3)
    Stage Ⅱ 41 (25.8)
    Stage Ⅲ 17 (10.7)
    Stage Ⅳ 30 (18.9)
    Not yet confirmed 26 (16.4)
Current cancer treatment 
    Radiotherapy  13 (8.2)
    Chemotherapy  45 (28.3)
    Hormone therapy  48 (30.2)
    Immune therapy  9 (5.7)
    Operation within 3 mo  40 (25.2)
Psychiatric diagnosis  
    Insomnia 91 (57.2)
    Depression 36 (22.6)
    Anxiety disorder/ 8 (5.0)
      Somatic symptom disorder
    Mixed anxiety and depressive disorder 4 (2.5)
    Acute stress reaction/Adjustment disorder 12 (7.5)
    No diagnosis 5 (3.1)
    Others 3 (1.9)
Rating scale scores  
    Insomnia Severity Index 16.29±6.70
    Patient Health Questionnaire-9 11.31±6.89
    State subcategory of State-Trait  42.27±11.82
      Anxiety Inventory 
    Fear of Progression 34.40±12.54
    Cancer-Related Dysfunctional  11.64±5.19
      Beliefs about Sleep 
    WHO-5 Questionnaire  29.11±22.17
    Pain (Numeric Rating Scale) 2.86±2.48
    Fatigue (Numeric Rating Scale) 5.90±2.54

Values are presented as number (%) or mean±standard deviation.



indices, and sleep-related indices between patients with low 
or high quality of life are shown in Table 3. There was no 
significant difference in the proportion of the patients diag-
nosed with metastatic cancer (stage 4), or the current cancer 
treatment between patients with low or high quality of life. 
There were significant differences in depression, anxiety, and 
FoP scores between the low and high quality of life groups (p 
< 0.001). Additionally, patients reporting a lower quality of 
life had relatively longer TIB/daytime and TIB/d.  

To confirm the difference in the questionnaire results and 
clinical indices in accordance with TIB/daytime, we com-
pared the TIB/daytime in the low and high quality of life 
groups by creating subgroup analyses of patients based on 
their reported TIB/daytime, using 30, 60, and 120 minutes as 
cutoff points for each subgroup. The existing literature does 
not specify cutoff points for TIB/daytime; therefore, these 
were created based on generally recommended daytime nap 
times.

Logistic regression analysis (Table 4) showed that meta-
static cancer diagnosis or status of cancer treatments did 
not significantly affect the quality of life. Among variables, 
only depression (p < 0.001), anxiety (p < 0.001), and fear of 
cancer progression (p < 0.001), fatigue (p=0.027), and TIB/d 
(p=0.037) were significant predicting variables for low qual-
ity of life of patients. Finally, we performed a pathway analy-
sis using our final model hypothesis that referenced an exist-
ing pathway analysis study [23] on dysfunctional belief on 
sleep, fear of cancer progression, and insomnia (Fig. 1).   

The pathway analysis (Fig. 2) confirmed that depression 
was a risk factor for quality of life (p < 0.001), and depression 
also was an overall risk factor for insomnia, cancer-related 
fatigue, quality of life, and TIB/daytime (all, p < 0.001). Con-
trary to the hypothesis, cancer-related fatigue was not a risk 
factor for the quality of life (p=0.537). The pathway analy-

sis also confirmed the results of the existing study that fear 
of cancer progression affects dysfunctional belief on sleep, 
which in turn aggravates insomnia [23]. 

Discussion

In this study, we observed that cancer patients’ depression, 
rather than cancer-related fatigue, influenced their quality 
of life, though we hypothesized that cancer-related fatigue 
symptoms, influenced by depression, anxiety, insomnia, 
quality of life, dysfunctional belief on sleep, and sleep struc-
ture, might be the most important factor for quality of life. In 
addition, patients’ fatigue, insomnia, and decreased daytime 
activities (increased TIB/d) were influenced by patients’  
depressive symptoms, but those variables cannot have a  
direct impact on their quality of life.

1. Role of cancer-related fatigue among the factors that  
affect the patients’ quality of life 

We found significant differences in self-reported scores 
for depression, anxiety, insomnia, dysfunctional thinking on 
sleep, fear of cancer progression, and pain between patients 
reporting low or high cancer-related fatigue. In contrast, only 
self-reported scores of depression, anxiety, and fear of cancer 
progression were significantly different between high and 
low quality of life groups. This was also shown in the logistic 
regression analysis. 

Moreover, we found a significant correlation between 
cancer-related fatigue and quality of life in this study. This 
suggests that cancer-related fatigue may have an indirect 
mediating effect in the processing of pain, insomnia, and 
dysfunctional belief on sleep, which effects quality of life. 
Our pathway analysis confirmed that insomnia and depres-

Table 2.  Spearman’s correlation coefficients of each variable

Variable Age WHO-5 PHQ-9 ISI STAI-S FoP C-DBS Pain Fatigue TIB/d

Age 1.000      
WHO-5 0.043 1.000
PHQ-9 –0.172* –0.648** 1.000        
ISI –0.030  –0.179* 0.405** 1.000       
STAI-S –0.161* –0.694** 0.590** 0.171* 1.000      
FoP –0.402** –0.420** 0.565** 0.194* 0.571** 1.000     
C-DBS –0.140  –0.172* 0.290** 0.330** 0.195* 0.277** 1.000    
Pain –0.090 –0.163* 0.282* 0.171* 0.231** 0.342** 0.246** 1.000  
Fatigue –0.208** –0.350** 0.480** 0.358** 0.327** 0.308** 0.251** 0.288** 1.000 
TIB/d –0.121 –0.211* 0.311** 0.059 0.221** 0.189* 0.043 0.163 0.081 1.000

C-DBS, Cancer-Related Dysfunctional Beliefs about Sleep; FoP, Fear of Progression; ISI, Insomnia Severity Index; PHQ-9, Patient Health 
Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inventory; TIB/d, Time in Bed during 24 hours, WHO-5, World Health 
Organization-5 well-being index. *p < 0.05, **p < 0.01.
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Table 3.  Comparison of self-reported questionnaire scores and sleep indices between the low and high quality of life groups

Variable WHO-5 top 75% (n=114) WHO-5 bottom 25% (n=45) p-value

Cancer stage    
    Stage Ⅰ 35 (30.7)  10 (22.2)  0.027* 
    Stage Ⅱ 32 (28.1)  9 (20.0)  
    Stage Ⅲ 14 (12.3)  3 (6.7)  
    Stage Ⅳ 21 (18.4)  9 (20.0)  
    Not yet confirmed 12 (10.5)  14 (31.1)  
    Stage IV vs. Others  21 (18.4)/93 (81.6)  9 (20.0)/36 (80.0)  0.819 
History of cancer treatment   
    Radiotherapy 11 (9.6)  2 (4.4)  0.231 
    Chemotherapy 29 (25.4)  16 (35.6)  0.202 
    Hormone therapy 39 (34.2)  9 (20.0)  0.079 
    Immune therapy 6 (5.3)  3 (6.7)  0.494 
    Operation within 3 mo 28 (24.6)  12 (26.7)  0.783 
History of hormone therapy   
    Breast cancer with radiotherapy 37 (32.5)  8 (17.8)  0.124 
    Breast cancer without radiotherapy 29 (25.4)  11 (24.4)  
    Others 48 (42.1)  26 (57.8)  
Cancer-related fatigue   
    High 28 (24.6)  20 (44.4)  0.014* 
    Low 86 (75.4)  25 (55.6)  
Time in bed during daytime (min)   
    ≤ 30 vs. > 30  45 (45.5)/54 (54.5)  10 (25.0)/30 (75.0)  0.026* 
    ≤ 60 vs. > 60   57 (57.6)/42 (42.4)  16 (40.0)/24 (60.0)  0.060 
    ≤ 120 vs. > 120   69 (69.7)/30 (30.3)  20 (50.0)/20 (50.0)  0.028* 
Age (yr) 55.0±11.9 54.4±10.8 0.786
Sex   
    Male 21 (18.4) 8 (17.8) 0.925
    Female 93 (81.6) 37 (82.2) 
Rating scale scores   
    ISI 16.4±6.4 16.0±7.4 0.773 
    PHQ-9  9.3±6.0 16.5±6.2 < 0.001*
    STAI-S 38.5±10.4 52.0±9.6 < 0.001*
    FoP 32.0±11.6 40.6±12.9 < 0.001*
    WHO-5 Questionnaire 38.2±19.6  6.1±4.9 < 0.001*
    C-DBS 11.3±4.9 12.6±5.9 0.141 
    Pain (Numeric Rating Scale)  2.8±2.5  3.0±2.6 0.548 
    Fatigue (Numeric Rating Scale)  5.6±2.4  6.6±2.7 0.040*
Sleep parameters   
    Bedtime 10.6±1.0 10.9±1.2 0.296 
    Sleep onset time 11.8±1.7 12.0±1.6 0.481 
    Wake up time  6.8±1.3  7.0±1.6 0.289 
    Sleep onset latency  1.3±1.2  1.2±1.2 0.731 
    Time in bed  8.1±1.6  8.2±1.4 0.814 
    Time in bed during 24 hr 10.2±3.5 12.0±4.1 0.019* 
    Time in bed during daytime  2.1±2.8  3.6±3.8 0.021* 

Values are presented as number (%) or mean±standard deviation. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; FoP, Fear of 
Progression; ISI, Insomnia Severity Index; PHQ-9, Patient Health Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inven-
tory; WHO-5, World Health Organization-Five Well-Being Index. *t test, p < 0.05.



sion symptoms act as risk factors for fatigue symptoms. In 
addition, the effects of fear of cancer progression and dys-
functional thinking on sleep on insomnia are consistent 
with the results of previous studies [23]. Although fatigue 
symptoms were correlated with quality of life, our analysis 
revealed that they did not act as a direct risk factor for qual-
ity of life. In contrast, depression symptoms were shown to 
act as the significant overall risk factor for insomnia, fatigue 
symptoms, and quality of life. Furthermore, pain scores were 
correlated with other self-reported indices; however, it was 
not a direct risk factor for cancer-related fatigue. Precau-
tions are required when interpreting this result because most 
patients who participated in this study did not report pain 
as the main symptom when visiting our Clinic. Pain scores 
were not significantly different between patients with high 
and low quality of life scores. 

The results in this study that illustrated that cancer-related 
fatigue do not act as a direct risk factor on the quality of life 
in patients is in contrast to previous studies [25]; however, 
these results should be interpreted cautiously. First, there are 
the limitations to the Fatigue NRS used in this study because 

it displays the extent of fatigue that the patient experiences 
subjectively rather than being an objective index of cancer-
related fatigue. Nonetheless, it is advantageous in a clinical 
setting because it generates a specific and definitive assess-
ment for the cancer patient’s fatigue symptoms using a single 
question assessment. Therefore, the development of clinical 
indices or assessment tools that can more objectively reflect 
patients’ fatigue symptoms is important for future studies.  

2. Relationship between cancer-related fatigue and TIB/d, 
and the effect of depression symptoms on quality of life 

Next, we performed a pathway analysis using TIB/d as 
the dependent variable. We hypothesized that this more  
objectively reflected cancer-related fatigue symptoms than 
the Fatigue NRS. This analysis confirmed that cancer-relat-
ed fatigue (as measured by TIB/d) is not a direct risk fac-
tor for the quality of life. However, this could also suggest 
that TIB/d cannot be used as an objective index to represent  
fatigue symptoms. 

Accordingly TIB/d did not display significant correla-
tion with fatigue symptoms. In contrast, we confirmed that 

Table 4.  Risk factors related to lower quality of life (WHO-5 Questionnaire bottom 25%) group in cancer patients

Variable
                       Unadjusted                      Age, sex adjusted              Multivariablea) adjusted

 OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age 1.00 (0.97-1.03) 0.784 
Sex 1.04 (0.42-2.57) 0.925      
History of cancer treatment        
    Radiotherapy 0.44 (0.09-2.05) 0.293  0.44 (0.09-2.09) 0.301  0.45 (0.09-2.31) 0.340 
    Chemotherapy 1.62 (0.77-3.40) 0.204  1.68 (0.78-3.61) 0.182  1.44 (0.61-3.39) 0.408 
    Hormone therapy 0.48 (0.21-1.10) 0.083  0.43 (0.18-1.02) 0.057  0.70 (0.25-1.94) 0.490 
    Immune therapy 1.29 (0.31-5.38) 0.731  1.27 (0.30-5.33) 0.747  1.56 (0.35-7.06) 0.561 
    Operation within 3 mo 1.12 (0.51-2.45) 0.783  1.11 (0.50-2.45) 0.796  1.21 (0.50-2.93) 0.673 
Cancer stage Ⅳ 1.11 (0.46-2.64) 0.819  1.11 (0.44-2.78) 0.820  0.70 (0.23-2.11) 0.530
Rating scale scores        
    ISI 0.99 (0.94-1.05) 0.772  0.99 (0.94-1.05) 0.777  0.99 (0.93-1.05) 0.715 
    PHQ-9 1.19 (1.12-1.27) < 0.001 1.19 (1.12-1.28) < 0.001 1.22 (1.13-1.32) < 0.001
    STAI-S 1.15 (1.10-1.21) < 0.001 1.17 (1.11-1.24) < 0.001 1.19 (1.11-1.26) < 0.001
    C-DBS 1.05 (0.98-1.13) 0.142  1.05 (0.98-1.13) 0.148  1.06 (0.98-1.14) 0.122 
    FoP 1.06 (1.03-1.09) 0.000  1.07 (1.03-1.11) 0.000  1.07 (1.03-1.11) 0.000 
    Pain (Numeric Rating Scale) 1.04 (0.91-1.20) 0.545  1.04 (0.91-1.20) 0.557  1.03 (0.89-1.20) 0.693 
    Fatigue 1.16 (1.01-1.34) 0.042 1.16 (1.00-1.35) 0.043 1.20 (1.02-1.41) 0.027
Sleep parameters        
    Time in bed during 24 hr 1.17 (1.05-1.32) 0.006  1.17 (1.04-1.31) 0.008  1.15 (1.01-1.31) 0.037 
    TIB daytime > 30 min 3.06 (1.27-7.33) 0.012  3.03 (1.26-7.28) 0.014  2.84 (1.08-7.42) 0.034 
    TIB daytime > 60 min 2.29 (1.06-4.94) 0.036  2.26 (1.04-4.90) 0.039  1.79 (0.76-4.22) 0.181 
    TIB daytime > 120 min 2.52 (1.17-5.43) 0.018  2.45 (1.13-5.32) 0.023  1.80 (0.75-4.34) 0.190 
C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; CI, confidence interval; FoP, Fear of Progression; ISI, Insomnia Severity  
Index; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inventory; TIB, time in bed; 
WHO-5, World Health Organization-Five Well-Being Index. a)Multivariable: age, sex, cancer type, psychiatric diagnosis.
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depression symptoms are a risk factor for increased TIB/d. 
These data are in line with previous studies showing that 
depression symptoms are associated with reduced daytime 
activities [26]. Taken together, these results cannot confirm 
whether all fatigue symptoms and TIB/d were direct risk 
factors for reduced quality of life in patients with cancer. 
Nonetheless, interpretation of the results should be consid-
ered carefully because of the limitations of the Fatigue NRS. 
Furthermore, TIB/d may not be an appropriate index to  
objectively reflect fatigue symptoms in patients with cancer. 
Therefore, an objective assessment tool for fatigue symptoms 
cancer patients should be developed for future studies. 

The pathway analysis revealed that depression symptoms 
in patients with cancer have an overall effect on quality of 

life, insomnia, fatigue symptoms, and a reduction in the 
daytime activities. Another pathway analysis was executed 
for each of the groups with depression symptoms that are 
above (PHQ-9 score, > 9) or below (PHQ-9 score, ≤ 9) the 
cutoff-point. This analysis confirmed that fatigue symptoms 
remain in the patient group without depression and interact 
with insomnia and dysfunctional beliefs about sleep. Inter-
estingly, the effects of the fatigue symptoms were not present 
in the patient group with depression together with a marked 
reduction in the daytime activities. 

We hypothesized that this is caused by depression over-
whelming the fatigue symptoms, which causes a mask-
ing effect on the interaction among other factors. This is 
consistent with the results of existing studies showing that  

Fig. 1.  Pathway analysis hypothesis model. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; Fatigue (NRS), Fatigue Numeric 
Rating Scale; FoP, Fear of Progression; ISI, Insomnia Severity Index; Pain (NRS), Pain Numeric Rating Scale; PHQ-9, Patient Health Ques-
tionnaire-9; STAI, State-Trait Anxiety Inventory; WHO-5 QoL, WHO-5 Questionnaire.   
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Fig. 2.  Pathway analysis result. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; Faigue (NRS), Fatigue Numeric Rating Scale; 
FoP, Fear of Progression; ISI, Insomnia Severity Index; Pain (NRS), Pain Numeric Rating Scale; PHQ-9, Patient Health Questionnaire-9; 
STAI, State-Trait Anxiety Inventory; TIB/d, time in bed during 24 hours; WHO-5 QoL, WHO-5 Questionnaire.

Pain (NRS) Fatigue (NRS)

WHO-5 QoLC-DBSFoP
0.31

ISI
0.23

0.37

0.25 0.33

0.18

0.23

0.590.59

0.63

0.21
0.34

–0.36
–0.48

TIB/d

State
subcategory

of STAI

PHQ-9



depression symptoms impart a greater influence on qual-
ity of life in cancer patients [27,28]. Therefore, assessment 
and therapeutic intervention of the depression symptoms in  
patients with cancer would lead to more effective outcomes in  
improving patients’ quality of life. However, we should con-
sider that cancer patients suffer from depression frequently 
with fatigue, insomnia, or anxiety as co-morbidities simulta-
neously [29]. Sometime, it is not easy to discriminate those 
symptoms, and we should manage those symptoms at the 
same time. In this study we tried assessing each symptom 
separately using specific rating scales, and exploring which 
symptom is most powerful predictor for patients’ quality of 
life. In clinical practice, it is needed to measure and manage 
patients’ various psychiatric symptoms for improving cancer 
patients’ quality of life.

There are some limitations of this study. First, the analysis 
was executed within the patients with cancer alone; there-
fore, comparative analysis with a normal control group was 
not executed. Furthermore, this was a retrospective cross-
sectional study via review of medical records; therefore, pre-
cautions are necessary in the interpretation of causal relation-
ships among the relevant factors. Second, the total number 
of patients in this study was low and insufficient to execute 
various subordinate group analyses. Females accounted for 
the majority of patients and breast cancer accounted for more 
than half of the types of the cancers included in this study. 
Therefore, generalizing and applying the results of the analy-
ses to the entire population should be undertaken cautiously. 
Third, the results in this retrospective medical record review 
study cannot be generalized into all cancer patients. This 
study was performed in a single hospital despite the center. 
In addition, in this study over half of subjects were breast 
cancer patients, but other various types of cancers were also 
included. We can speculate that the influence of patients’  
depression or cancer-related fatigue on their quality of life 
can be varied in different cancer types. However, we could 
not perform subgroup analysis in each individual cancer 
type. Fourth, in this study, we could not consider other phys-

ical symptoms which were reported to be related with cancer 
patients’ quality of life such as nausea, vomiting, hot flushes, 
or alopecia. Finally, the use of more objective assessment 
tools, such as more accurate fatigue measures and records 
on the movement activities via Actigraphy or Polysomnog-
raphy would have provided more accurate information on 
the cancer-related fatigue, sleep states, or daytime activities.  

In conclusion, we confirmed that cancer-related fatigue is a 
common and painful side effect experienced by patients with 
cancer during treatment. Furthermore, depression, anxiety, 
insomnia, and dysfunctional thinking on sleep can act as risk 
factors for cancer-related fatigue. Interestingly, cancer-relat-
ed fatigue itself does not act as a direct risk factor for qual-
ity of life; however, a cautious interpretation of the results is 
required because of limitations in the assessment tools for 
measuring fatigue symptoms. Accordingly, the development 
of assessment tool specific for cancer-related fatigue would 
be important for future studies. Additionally, we confirmed 
that depression symptoms act as an important risk factor in 
the quality of life of patients with cancer.  
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Introduction

Since the first case of pneumonia with unknown caus-
es was reported in Wuhan, Hubei Province, China in 12  
December 2019, a novel coronavirus (coronavirus disease 
2019 [COVID-19]) has been demonstrated and spread rapidly 
worldwide [1]. As of 4 July 2020, approximately 15 million 
cases have been confirmed and at least 600,000 people died 
due to this outbreak. Currently, only remdesivir and dexa-
methasone have been reported for their possible efficacy in 
the treatment of mild to moderate and severe patients with 
COVID-19, respectively [2,3]. Although recent results showed 
approximately 95% efficacy of BNT162b vaccine of Pfizer and 
BioNTech and mRNA-1273 vaccine of Russian Sputnik V and 
Moderna, the issues of little safety data, efficacy in high risk 
population and the duration of protection have remained 
unclear [4]. It is therefore essential to research strategies to 
prevent viral infection, especially factors associated with dis-
ease severity and mortality. Pooled analysis from our recent 
systematic review and meta-analysis showed that the history 
of cancer was associated with several critical conditions of 
COVID-19 (overall relative risk [RR], 2.91; 95% confidence  

interval [CI], 2.16 to 3.91), including severe infection (RR, 2.45; 
95% CI, 1.67 to 3.58) and intensive care unit admission (RR, 
2.26; 95% CI, 1.27 to 4.01) [5].

At the molecular level, spike protein sequence similarities 
between severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) and SARS-CoV have been reported of appro-
ximately 76%-78% for the whole protein, 73%-76% for the  
receptor-binding domain, and 50%-53% for the receptor-bind-
ing motif [6], which strongly suggested that SARS-CoV-2 can 
use the SARS-CoV receptor angiotensin-converting enzyme 2 
(ACE2) and employ a cellular transmembrane serine protease 
2 (TMPRSS2) to enter human cells [7,8]. Differences in gene 
expression of ACE2 and TMPRSS2 among cancer types may 
therefore result in different impacts on the susceptibility to 
COVID-19 infection. Herein, we evaluated the genetic expres-
sion and prognostic of ACE2 and TMPRSS2 in six site-specific 
cancers (lung, breast, colorectum, prostate, stomach, and liv-
er), which account for 50.9% of cancer incidence and 54.4% of 
cancer mortality globally [9]. Among them, lung, colorectum, 
and stomach have also remained three of top five common 
cancer sites and cancer deaths in Korea [10-14].
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Materials and Methods
 
1. Gene expression analysis

The expression levels of ACE2 and TMPRSS2 in tumors 
and control samples were obtained from the Gene Expres-
sion Profiling Interactive Analysis 2 (GEPIA2) database  
using RNA sequencing data from The Cancer Genome  
Atlas (TCGA) and Genotype-Tissue Expression (GTEx) [15]. 
The cutoff criterion was set at adjusted p-value < 0.01 and 
log2 fold change > 1 or < –1. Expression levels of ACE2 and 
RMPSS2 in lung adenocarcinoma (LUAD), breast invasive 
carcinoma (BRCA), colon adenocarcinoma (COAD), prostate 
adenocarcinoma (PRAD), stomach adenocarcinoma (STAD), 
and liver hepatocellular carcinoma (LIHC) and their sub-
types (except STAD due to data unavailability) were com-
pared with normal samples using a two-sample t test and an 
analysis of variance (ANOVA). 

2. Survival prognosis analysis 
Expression of ACE2 and TMPRSS2 in the prognosis of six 

cancer types was examined utilizing the GEPIA2 database 
[15]. Median values of gene expression were selected as cut-
off points in the prognostic analysis of overall survival (OS) 
and disease-free survival (DFS). Kaplan-Meier plot for the 
probability of survival throughout time, hazard ratio (HR) 
by a Cox proportional hazard model, and p-value by log-
rank test for the OS and DFS between high and low expres-
sion groups was reported.

3. Biological functions of ACE2 and TMPRSS2
The list of 100 most co-expressed genes with ACE2 (S1 

Table) and TMPRSS2 (S2 Table) in each tumor was obtained 
from the GEPIA2 database [15]. Then, Kyoto Encyclopedia of 
Genes and Genomes (KEGG) 2019 Human biological func-
tions of ACE2 and TMPRSS2 were explored by applying the 
pathway enrichment analysis in the EnRichr database. p-val-
ues were selected at 0.05 for the cutoff [16]. 

Fig. 1.  Comparison of ACE2 and TMPRSS2 expression between tumors and control. ACE2, angiotensin-converting enzyme 2; BRCA, 
breast invasive carcinoma; COAD, colon adenocarcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; PRAD, 
prostate adenocarcinoma; STAD, stomach adenocarcinoma; TMPRSS2, transmembrane serine protease 2.
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Results

1. Expression analysis
Data from the GEPIA2 database revealed that mRNA lev-

els of ACE2 expression were significantly higher in COAD 
and STAD, whereas mRNA levels of TMPRSS2 expression 
were significantly lower in BRCA, but higher in COAD and 
PRAD, compared with the control group (Fig. 1).

Analysis of subtype tumors from the GENT2 database also 
showed the significantly higher ACE2 expression of COAD 
subtypes including microsatellite instability–high (MSI-H), 
microsatellite instability–low (MSI-L), and microsatellite sta-
ble (MSS), in comparison with the control group (S3 Fig.). 
However, data on STAD subtypes were not available. In 
terms of TMPRSS2 expression, significantly lower mRNA 
levels were only observed for luminal A and luminal B sub-
types of BRCA, but not for basal-like and human epidermal 
growth factor receptor 2 subtypes, compared with the con-
trol group (S4 Fig.). Significantly higher TMPRSS2 was also 
observed for i-Cluster 1 and i-Cluster 3, but not for i-Clus-
ter 2 subtypes of PRAD, compared with the control group.  
Proximal inflammatory and proximal proliferative subtypes 
of LUAD additionally expressed lower mRNA levels of  
TMPRSS2 than the control group, but a significant associa-
tion was not observed for the terminal respiratory unit sub-
type.

2. Prognosis analysis
The Kaplan-Meier plots for the effect of ACE2 and TM-

PRSS2 expression on OS and DFS in different tumor types 
are presented in S5-S8 Fig. and summarized in Table 1. Over-
all, higher levels of ACE2 in LIHC were associated with 
higher OS (HR, 0.65; p=0.016) and DFS (HR, 0.66; p=0.007). 
Additionally, higher levels of TMPRSS2 were associated with 
a 26% reduced risk of death in LUAD (p=0.047) but a 50% 
increased risk of death in BRCA (p=0.015).

3. Pathway enrichment analysis
On the one hand, the result of the KEGG pathway en-

richment analysis for ACE2 and their top 100 co-expressed 
genes is presented in Fig. 2 and S9 Table. The most signifi-
cant pathways in LUAD, BRCA, COAD, PRAD, STAD, and 
LIHC were phenylalanine metabolism (p=0.003), tryptophan 
metabolism (p=0.001), vitamin digestion and absorption (p 
< 0.001), steroid hormone biosynthesis (p=0.003), fat diges-
tion and absorption (p=0.001), and renin-angiotensin system 
(p=0.006).

On the other hand, the result of the KEGG pathway enrich-
ment analysis for TMPRSS2 and their top 100 co-expressed 
genes is presented in Fig. 3 and S10 Table. The most signifi-
cant pathways in LUAD, BRCA, COAD, PRAD, STAD, and 
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LIHC were starch and sucrose metabolism (p=0.014), proxi-
mal tubule bicarbonate reclamation (p=0.006), glycosphin-
golipid biosynthesis (p=0.022), beta-Alanine metabolism 

(p=0.001), glycerophospholipid metabolism (p=0.004), and 
prostate cancer (p=0.001).

Fig. 2.  Top 10 KEGG pathways of ACE2 and top 100 similar genes in different tumors. ACE2, angiotensin-converting enzyme 2; AMPK, 
AMP-activated protein kinase; BRCA, breast invasive carcinoma; COAD, colon adenocarcinoma; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; PPAR, peroxisome proliferator-activated receptor; PRAD, 
prostate adenocarcinoma; STAD, stomach adenocarcinoma.
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Discussion

COVID-19 has become a global health emergency with a 
large number of confirmed cases and deaths that are much 

greater than any viral infection in the past. Severity condi-
tion and mortality have been noted to be significantly higher 
in patients with comorbidities, including cancer [17-19]. As 
cancer is heterogenous and cancer care still needs to contin-
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Fig. 3.  Top 10 pathways of TMPRSS2 and top 100 similar genes in different tumors. BRCA, breast invasive carcinoma; COAD, colon 
adenocarcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; PRAD, prostate adenocarcinoma; STAD, stomach 
adenocarcinoma; TMPRSS2, transmembrane serine protease 2. 
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ue during the pandemic, it is essential to determine which 
type of cancer will be at a high risk of getting severity con-
dition with COVID-19 infection. Since SAR-CoV-2 employs 
ACE2 and TMPRSS2 for entering host cells and priming [8], 
we evaluated the expression of these genes that might be  
responsible for the severity of COVID-19 condition in pati-
ents with different types of cancer. 

Our data showed the high expression of ACE2 and  
TMPRSS2 in COAD and STAD. For COAD, the coincidental 
result was confirmed at all subtypes regarding microsatellite 
status including MSI-H, MSI-L, and MSS. A similar finding 
has been reported in a study from the New York hospital sys-
tem, which indicated that gastrointestinal cancer appeared 
to have a higher fatality rate than any type of solid tumor  
except lung cancer [19]. These might confirm the susceptibil-
ity of colorectal cancer and stomach patients to COVID-19  
infection. Besides, at the mRNA level, we found that  
TMPRSS2 expressions were significantly lower in BRCA, but 
higher in COAD and PRAD, compared with control groups. 
Notably, it has been proved that TMPRSS2 was upregulated 
in prostate cancer under androgen stimulation [20]. Thus, it 
might suggest the risk of PRAD patients and possibly explain 
the higher proportion of infection prevalence of COVID-19 
in males.  Interestingly, for lung cancer, we did not see any 
overexpression of ACE2 but confirmed a significantly lower 
expression of TMPRSS2 in proximal inflammatory and prox-
imal proliferative subtypes of LUAD than the control group. 
While it might be beneficial to have low ACE2 receptors 
for the entry of SARS-CoV-2, ACE2 has been proved to be  
responsible for anti-inflammatory, thus it might be con-
sidered as a protective factor during the infection process. 
Consequently, the downregulation of ACE2 in lung cancer 
patients might cause critical conditions by unstoppable in-
flammation. Given the fact that lung cancer patients account 
for a major proportion among cancer patients with COV-
ID-19, further investigations to clarify specific mechanisms 
in lung cancer should be performed. 

We then evaluated the association between the expres-
sions of ACE2 and TMPRSS2 with the prognosis of six types 
of cancer. We noticed the overexpression of ACE2 in LIHC 
were associated with higher OS (HR, 0.65; p=0.016) and DFS 
(HR, 0.66; p=0.007), and upregulation of TMPRSS2 was asso-

ciated with 26% reduced risk of mortality in LUAD (p=0.047) 
but 50% increased risk of death in BRCA (p=0.015). These  
expression statuses, however, have no correlation with OS 
and DFS in COAD, STAD, and PRAD. In return, there will 
be a need to assess the role of these genes in prognosis for 
COVID-19 patients with cancer.

By tracking the biological function of ACE2, TMPRSS2, and 
100 similar genes, we can determine the top 10 pathways in 
six types of cancer. As the immune response is mainly driven 
in COVID-19 progression [21], we aimed to find the over-
lapping pathway which might contribute to the unfavora-
ble prognosis in cancer with COVID-19. Nevertheless, no 
pathway has been considered a potential key. Approaches to  
extra center genes and pathways might lead to better find-
ings.

In conclusion, our findings suggest the need for priority 
precautions for colorectal cancer, stomach cancer, and lung 
cancer during the COVID-19 pandemic. However, the risk 
of delaying appropriate treatment for cancer might be much 
greater than the risk of being exposed to COVID-19. There-
fore, tailored cancer care with effective health delivery sys-
tems is crucial to bring final benefit for oncology patients. 
Further research on various cancer types/subtypes and can-
cer stages should be analyzed. 
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Introduction

Nasopharyngeal carcinoma (NPC) is highly prevalent in 
Southeast Asia, accounting for over 50% of new cases world-
wide [1]. Primary treatment for NPC is radiotherapy (RT). The 
American Joint Committee on Cancer (AJCC) TNM staging 
system is generally used for developing treatment strategies 
and predicting clinical outcomes for NPC patients. However, 
clinical differences still occur among patients with the same 
TNM stage that have undergone similar treatment strategies. 
These differences indicate that the current staging system is 
inadequate for predicting prognosis [2].

There has been an emergence of studies utilizing nomo-
gram to graphically depict predictive statistical models for  

patients diagnosed with various cancers [3-5]. Numerous 
studies have confirmed the feasibility of nomogram for pre-
dicting NPC survival [6,7], where they consistently demon-
strated this model to be better than conventional TNM staging 
system. Though nomograms have better predictive power, 
there are also limitations such as obsolete RT techniques [8], 
lack of validation [7,9], using current obsolete editions of the 
AJCC staging system [6], and absence of publicly available 
online nomograms. 

To fill current gaps in knowledge, we conceived and initi-
ated a large-scale real-world study to comprehensively inves-
tigate the survival outcomes and prognostic nomograms in 
patients with NPC under modern RT. Moreover, user-friend-
ly web-based nomograms were developed to predict survival 

Original Article
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pISSN 1598-2998, eISSN 2005-9256

Purpose  This study aimed to develop web-based nomograms to precisely predict survival outcomes in patients with non-metastatic 
nasopharyngeal carcinoma (NPC) in an endemic area.  
Materials and Methods  A total of 10,126 patients who underwent radical intensity-modulated radiotherapy at Sun Yat-sen University 
Cancer Center (SYSUCC) from 2009 to 2015 were analyzed. We assigned patients into a training cohort (SYSUCC-A, n=6,751) and 
an internal validation cohort (SYSUCC-B, n=3,375) based on computer-generated random numbers. Patients collected from Wuzhou 
Red Cross Hospital (WZRCH) between 2012 and 2015 were used as the independent external validation cohort (WZRCH, n=450). 
Concordance index (C-index) was used to determine predictive accuracy and discriminative ability for the nomogram. The web-based 
clinicopathologic prediction models for predicting survival were based on Cox regression.    
Results  The C-indexes for SYSUCC-A, SYSUCC-B, and WZRCH cohorts for the established nomograms to predict 3-year overall survival 
(OS) was 0.736, 0.715, and 0.691. Additionally, C-indexes to predict 3-year distant metastasis-free survival (DMFS) was 0.717, 0.706, 
and 0.686, disease-free survival (DFS) was 0.713, 0.697, and 0.656, local relapse-free survival was 0.695, 0.684, and 0.652, and 
regional relapse-free survival was 0.672, 0.650, and 0.616. The calibration plots showed great agreement between nomogram-
predicted 3-year survival outcomes and actual 3-year survival outcomes. Moreover, C-indexes of the nomograms for OS, DMFS, and 
DFS were significantly superior than TNM stage (p < 0.001 for all).  
Conclusion  These user-friendly nomograms can precisely predict survival endpoints in patients with non-metastatic NPC. They may 
serve as a useful tool for providing patient counseling and help physicians to make individual follow-up plans.
Key words  Nasopharyngeal carcinoma, Survival outcomes, Web-based nomograms, Validation, Intensity-modulated radiotherapy

Ji-Jin Yao1,2, Li Lin1, Tian-Sheng Gao3, Wang-Jian Zhang4, Wayne R. Lawrence4, Jun Ma1, Ying Sun1

1Department of Radiation Oncology, Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation 
Center for Cancer Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou, 2Department of Head and 
Neck Oncology, The Cancer Center of the Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai, 3Department of Radiation Oncology, Wuzhou Red 
Cross Hospital, Wuzhou, China, 4Department of Environmental Health Sciences, School of Public Health, University at Albany, State University of New 
York, Rensselaer, NY, USA

Development and Validation of Web-Based Nomograms to Precisely Predict 
Survival Outcomes of Non-metastatic Nasopharyngeal Carcinoma in 
an Endemic Area

Correspondence: Ying Sun
Department of Radiation Oncology, Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer 
Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou 510060, China
Tel: 86-20-87343816  Fax: 86-20-87343295  E-mail: sunying@sysucc.org.cn
Received  September 8, 2020  Accepted  December 4, 2020  Published Online  December 7, 2020
*Ji-Jin Yao, Li Lin, and Tian-Sheng Gao contributed equally to this work.



outcomes, provide patient counseling, and help physicians 
make individual follow-up plans. 

Materials and Methods
 
1. Patient cohort

Ten thousand one hundred and twenty-six patients with 
histologically proven NPC diagnosed between April 2009 
and December 2015 were consecutively extracted from 
the well-established big-data intelligence platform at Sun 
Yat-sen University Cancer Centre (SYSUCC). The training 
(SYSUCC-A, n=6,751) cohort and internal validation (SYS-
UCC-B, n=3,375) cohort were determined by assigned com-
puter-generated random numbers. Patients from Wuzhou 
Red Cross Hospital (WZRCH) between February 2012 and 
July 2015 were the independent external validation cohort 
(WZRCH, n=450). Patients were enrolled in this study if they 
met the following inclusion criteria: (1) histologic diagnosis 
of NPC; (2) no distant metastasis ascertained by whole body 
bone scan, computed tomography (CT) or 18F-fluorodeox-
yglucose positron emission tomography (PET)-CT; and (3) 
treated with intensity-modulated RT (IMRT). Patients were 
excluded if medical record indicated synchronous malig-
nancies, cardiac disease, or uncontrolled renal disease that 
required treatment.

Patients were restaged based on the 8th edition of the 
AJCC staging system. Two radiologists with at least 10 years 
of experience were selected to independently review all  
imaging data to minimize heterogeneity in restaging. 

2. Treatment protocol
The planning protocol for IMRT for both institutions were 

previously described [10]. Doses prescribed were 66 to 72 
Gy/28-33 fractions to the planning target volume (PTV) of 
the primary gross tumor volume (GTVnx); 64 to 70 Gy/28-
33 fractions to the PTV of the GTV for the involved lymph 
nodes (GTVnd); 60 to 63 Gy/28-33 fractions to the PTV of the 
high-risk clinical target volume (CTV1); and 54 to 56 Gy/28-
33 fractions for the PTV of the low-risk clinical target volume 
(CTV2). Dose constraints to the critical organs at risk were 
as described by the Radiation Therapy Oncology Group 
(RTOG)-0225 trial. Patients adhered to the routine scheduled 
established for treatment (one fraction daily for 5 days each 
week).

During the study period, institutional guidelines recom-
mended no chemotherapy for stage I, concurrent chemo-
therapy for stage II, and concurrent chemotherapy +/–  
induction/adjuvant chemotherapy stage III to IVB NPC, as 
defined by the 7th edition of the AJCC staging system. Con-
current chemotherapy involved cisplatin (80 or 100 mg/

m2) provided at week 1, 4, and 7 of RT, or cisplatin (40 mg/
m2) provided weekly during RT starting on day 1 of RT. The 
induction or adjuvant chemotherapy included cisplatin (60 
mg/m2), docetaxel (60 mg/m2), and 5-fluorouracil (600 mg/
m2/day over 120 hours), or cisplatin (80 mg/m2) plus 5-fluo-
rouracil (800 mg/m2/day over 120 hours), or cisplatin (80 
mg/m2) plus docetaxel (80 mg/m2), or gemcitabine (1 g/m2, 
on day 1, 8) plus cisplatin (80 mg/m2, on day 1) every third 
week for three cycles. 

3. Data sharing
The authenticity of this study has been validated by  

uploading the key raw data onto the Research Data Deposit 
(RDD) public platform http://www.researchdata.org.cn, and 
the approval RDD number is RDDA2019001315.

4. Statistical analysis
Clinical and demographic characteristics were obtained 

for each study cohort reported. Continuous variables (age, 
hemoglobin [HGB, g/L], and albumin [ALB, g/L] levels) 
were converted to categorical variables, determined by rou-
tine cutoff points in clinical application. Chi-square test and 
Fisher exact test were used for comparing differences bet-
ween groups for clinical and demographic characteristics. 
Our primary endpoint was overall survival (OS), which was 
calculated from the date of initial treatment to date of death 
from any cause. Secondary endpoints were distant metasta-
sis-free survival (DMFS), disease-free survival (DFS), local 
relapse-free survival (LRFS), and regional relapse-free sur-
vival (RRFS). DMFS was calculated from the date of first dis-
tant relapse; LRFS was calculated from date of first regional 
relapse; RRFS was calculated from the date of first regional 
relapse; and DFS was calculated from the first relapse at any 
site, death from any cause, or date of last follow-up visit, 
whichever first occurred. 

Kaplan-Meier and log-rank test were used to depict sur-
vival curves. Regarding the development of prediction mod-
els, we first developed univariable Cox regression models 
to identify the potentially important predictors (p < 0.1), 
then developed a multivariable Cox regression model for 
each outcome (i.e., the endpoint and the time to the event) 
based on the selected predictors. Following the methods  
described in previous studies [11], the proportional hazards 
assumption for the multivariable Cox regression models was 
examined. Time-dependent variables or sensitivity analy-
sis were conducted in the case where the assumption was 
not satisfied. Finally, we used the nomogram function in 
the R package rms [12] to display the multivariable models 
as nomograms. Concordance index (C-index) was used to  
assess the performance of the nomogram. Moreover, C-index 
and calibration curves derived from regression analysis. In 
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Table 1.  Patient demographics and clinical characteristics

Characteristic
 Entire cohort  Training cohort Internal validation External validation 

p-valuea)

 (n=10,126) (n=6,751) cohort (n=3,375) cohort (n=450)

Age (yr)
    ≤ 29 848 (9.3) 571 (9.5) 277 (9.1) 30 (6.7) 0.121
    30-39 2,349 (25.9) 1,549 (25.7) 800 (26.2) 95 (21.1) 
    40-49 3,492 (38.4) 2,322 (38.5) 1,170 (38.3) 195 (43.3) 
    50-59 1,255 (13.8) 823 (13.6) 432 (14.2) 65 (14.4) 
    ≥ 60 1,143 (12.6) 770 (12.8) 373 (12.2) 65 (14.4) 
Sex     
    Male 7,440 (73.5) 4,992 (73.9) 2,448 (72.5) 322 (71.6) 0.208
    Female 2,686 (26.5) 1,759 (26.1) 927 (27.5) 128 (28.4) 
Histology (WHO)     
    Type I 66 (0.7) 43 (0.6) 23 (0.7) 5 (1.1) 0.005
    Type II 205 (2.0) 144 (2.1) 61 (1.8) 21 (4.7) 
    Type III 9,855 (97.3) 6,564 (97.2) 3,291 (97.5) 424 (94.2) 
T categoryb)     
    T1 1,674 (16.5) 1,103 (16.3) 571 (16.9) 77 (17.1) < 0.001
    T2 1,633 (16.1) 1,084 (16.1) 549 (16.3) 96 (21.3) 
    T3 4,702 (46.4) 3,145 (46.6) 1,557 (46.1) 147 (32.7) 
    T4 2,117 (20.9) 1,419 (21.0) 698 (20.7) 130 (28.9) 
N categoryb)     
    N0 1,586 (15.7) 1,066 (15.8) 520 (15.4) 40 (8.9) < 0.001
    N1 5,133 (50.7) 3,412 (50.5) 1,721 (51.0) 220 (48.9) 
    N2 2,171 (21.4) 1,449 (21.5) 722 (21.4) 124 (27.6) 
    N3 1,236 (12.2) 824 (12.2) 412 (12.2) 66 (14.7) 
Clinical stageb)     
    I 558 (5.5) 382 (5.7) 176 (5.2) 18 (4.0) 0.001
    II 1,788 (17.7) 1,161 (17.2) 627 (18.6) 89 (19.8) 
    III 4,672 (46.1) 3,132 (46.4) 1,540 (45.6) 168 (37.3) 
    IVA  3,108 (30.7) 2,076 (30.8) 1,032 (30.6) 175 (38.9) 
Treatment     
    IMRT alone 1,035 (10.2) 684 (10.1) 351 (10.4) 34 (7.6) 0.121
    CCRT 3,752 (37.1) 2,463 (36.5) 1,289 (38.2) 154 (34.2) 
    IC+CCRT 3,857 (38.1) 2,597 (38.5) 1,260 (37.3) 198 (44.0) 
    CCRT+AC 463 (4.6) 315 (4.7) 148 (4.4) 24 (5.3) 
    IC+IMRT 1,019 (10.1) 692 (10.3) 327 (9.7) 40 (8.9) 
HGB (g/L)     
    < 113 334 (3.4) 215 (3.3) 119 (3.7) 29 (6.4) < 0.001
    113-151 6,290 (64.6) 4,222 (65.0) 2,068 (63.7) 303 (67.7) 
    ≥ 151 3,115 (32.0) 2,055 (31.7) 1,060 (32.6) 118 (26.2) 
    Unknown 387 (3.8) 259 (3.8) 128 (3.8) 0 ( 
ALB (g/L)     
    < 40 856 (8.6) 589 (8.9) 267 (8.0) 59 (13.1) < 0.001
    ≥ 40 9,084 (91.4) 6,027 (91.1) 3,057 (92.0) 391 (86.9) 
    Unknown 186 (1.8) 135 (2.0) 51 (1.5) 0 ( 
Family of cancer     
    0 7,444 (73.5) 4,979 (73.8) 2,465 (73.0) 357 (79.3) 0.015
    1 2,682 (26.5) 1,772 (26.2) 910 (27.0) 93 (20.7) 

(Continued to the next page)



addition, we analyzed two data cohorts (SYSUCC-B and 
WZRCH cohorts) within the same study period allowing for 
the nomogram based on SYSUCC-A to be validated by data 
from another institute for generalizability and robustness. 
Comparison of the C-index between the 8th AJCC staging 
system and nomograms was conducted using the compareC 
package in R [13]. All statistical tests were two-sided and p < 
0.05 was considered statistically significant. Statistical mod-
els were performed using the rms package in R ver. 3.4.2 soft-
ware (The R Foundation for Statistical Computing, Vienna, 
Austria; https://www.rproject. org).

Results

1. Study population and follow-up
Table 1 presents patient characteristics from both the vali-

dation and training cohorts. Generally, WZRCH had more 
N2-3 category, T4 and IVA stage disease, World Health  
Organization (WHO) type II disease, less family history of 
cancer, and reduced HGB and ALB levels than SYSUCC-A 
and SYSUCC-B. No statistically significant difference was 
observed for age (p=0.121), sex (p=0.208), smoking history 
(p=0.179), history of alcohol consumption (p=0.675), and 

treatment strategy (p=0.121) among SYSUCC-A, SYSUCC-
B, and WZRCH cohorts (Table 1). Univariate analysis for 
the prognostic factors of OS, DMFS, DFS, LRFS, and RRFS 
are listed in S1 Table. The median follow-up time for all  
patients was 54.3 months (interquartile range [IQR], 41.8 to 
70.0), with 54.0 months (IQR, 41.4 to 70.0) for the training set 
and 54.4 months (IQR, 42.0 to 70.0) for the testing set. The  
median follow-up time for the external validation cohort was 
46.5 months (IQR, 37.9 to 52.4). Additionally, the number of 
events (e.g., death, distant metastasis, local recurrence, regio-
nal recurrence, and disease recurrence) in the training, inter-
nal and external validation cohort were showed in Table 2. 

2. Overall survival
Overall, 1,324 patients (1,324/10,126, 13%) died in the 

Guangzhou cohort, and the 1-, 3-, and 5-year OS rates were 
99.2%, 92.3%, and 86.5%, respectively (Fig. 1A). Mortal-
ity risk significantly rose in accordance with clinical stage 
increase from stage I to stage IVA (p < 0.001 for all), with 
corresponding 5-year OS rates of 99.5%, 92.5%, 88.6%, and 
77.2%, respectively (Fig. 2A). Although patients with T4 dis-
ease (77.8%) had a significantly lower 5-year OS rate than T1 
(94.4%), T2 (88.8%), and T3 (86.7%) disease (p < 0.001 for all), 
the OS curves for T2 and T3 disease almost overlapped in the 

Table 1.  Continued

Characteristic
 Entire cohort  Training cohort Internal validation External validation 

p-valuea)

 (n=10,126) (n=6,751) cohort (n=3,375) cohort (n=450)

Smoking history
    No  6,575 (64.9) 4,383 (64.9) 2,192 (64.9) 273 (60.7) 0.179
    Yes 3,551 (35.1) 2,368 (35.1) 1,183 (35.1) 177 (39.3) 
Drinking history     
    No  8,732 (86.2) 5,807 (86.0) 2,925 (86.7) 388 (86.2) 0.675
    Yes 1,394 (13.8) 944 (14.0) 450 (13.3) 62 (13.8) 
Values are presented as number (%). AC, adjuvant chemotherapy; ALB, albumin; CCRT, concurrent chemoradiotherapy; HGB, hemo-
globin; IC, induction chemotherapy; IMRT, intensity-modulated radiotherapy; WHO, World Health Organization. a)p-values were derived 
from comparisons among training, internal and external validation cohorts, b)According to the 8th edition of the American Joint Committee 
on Cancer staging system. 

Table 2.  The number of events (e.g., death, distant metastasis, local recurrence, regional recurrence, and disease recurrence) in the training, 
internal, and external validation cohort

Characteristic Training Internal testing External testing

Death 899 (13.3) 425 (12.6) 44 (13.1)
Distant metastasis 858 (12.7) 398 (11.8) 44 (12.4)
Local recurrence 406 (6.0) 221 (6.5) 16 (6.2)
Regional recurrence 344 (5.1) 182 (5.4) 11 (5.2)
Disease recurrence 1,443 (21.4) 712 (21.1) 77 (21.3)
Values are presented as number (%).
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Fig. 1.  Kaplan-Meier curves of 10,126 nasopharyngeal carcinoma patients for 1-, 3-, and 5-year overall survival (A), distant metastasis-free 
survival (B), disease-free survival (C), local relapse-free survival (D), and regional relapse-free survival (E).
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first 6 years after treatment (p=0.007) (Fig. 2B). In comparison 
with T category and clinical stage, we found that N category 
presented better discrimination in OS, where the correspond-

ing 5-year OS rates for N0, N1, N2, and N3 categories were 
94.7%, 89.0%, 81.3%, and 73.7%, respectively (p < 0.001) (Fig. 
2C). Significant predictors for OS in the multivariable analy-

Fig. 2.  Kaplan-Meier curves for 10,126 nasopharyngeal carcinoma patients receiving intensity-modulated radiotherapy: overall survival 
stratified by clinical stage (A), T category (B), and N category (C); distant metastasis-free survival T category (D), clinical stage (E), and N 
category (F); disease-free survival stratified by T category (G), clinical stage (H), and N category (I). (Continued to the next page)
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ses for the SYSUCC-A cohort were age, sex, T category, and 
N category (Table 3). A nomogram was constructed based on 
the weighting of four significant covariates for the SYSUCC-
A cohort) (S2A Fig.), which generated a Harrell’s C-index 

of 0.736 (95% confidence interval [CI], 0.690 to 0.783) for OS 
(S2B Fig.). The calibration plots for 3-year OS were predicted 
in the SYSUCC-B (C-index, 0.715; 95% CI, 0.676 to 0.751) (S2C 
Fig.) and WZRCH (C-index, 0.691; 95% CI, 0.557 to 0.836) 
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(S2D Fig.) cohorts. The nomogram for OS had a significantly 
higher C-index (0.736; 95% CI, 0.690 to 0.783) than T category 
(C-index, 0.606; 95% CI, 0.567 to 0.644; p < 0.001), N category 
(C-index, 0.626; 95% CI, 0.586 to 0.666; p < 0.001), and clinical 
stage (C-index=0.644; 95% CI, 0.608 to 0.680; p < 0.001).

3. Distant metastasis-free survival 
One thousand two hundred fifty-six patients (1,256/10,126, 

12%) suffered distant metastasis from the Guangzhou cohort. 
The 1-, 3-, and 5-year DMFS rates were 95.9%, 89.5%, and 
87.0%, respectively (Fig. 1B). Although all T category, N cat-
egory, and clinical stage presented an associated discrimina-
tion in DMFS (p < 0.05 for all) (Fig. 2D-F), the survival curves 
for different N category were separated better than T catego-
ry and clinical stage. Among patients with N0, N1, N2, and 
N3 category, the corresponding 3- and 5-year DMFS rates 
were 96.8% and 95.3%, 92.1% and 89.8%, 85.1% and 82.0%, 
and 77.2% and 73.5%, respectively. In the SYSUCC-A cohort, 
independent risk factors for DMFS were sex, age, T category, 
and N category (Table 3). We then constructed a nomogram 
for DMFS that was based on the above four significant covar-
iates in the SYSUCC-A cohort (S3A Fig.) yielding a C-index 
of 0.717 (95% CI, 0.665 to 0.768) (S3B Fig.). The calibration 
plots for 3-year DMFS predicted well in the SYSUCC-B (C-
index, 0.706; 95% CI, 0.669 to 0.744) (S3C Fig.) and WZRCH 
(C-index, 0.686; 95% CI, 0.535 to 0.827) (S3D Fig.) cohorts. In 
addition, the nomogram for DMFS had a significantly higher 

C-index (0.717; 95% CI, 0.665 to 0.768) than the T category 
(C-index, 0.584; 95% CI, 0.548 to 0.621; p < 0.001), N category 
(C-index, 0.651; 95% CI, 0.614 to 0.688; p < 0.001), and clinical 
stage (C-index, 0.630; 95% CI, 0.594 to 0.665; p < 0.001).

4. Disease-free survival 
Among the Guangzhou cohort, 2,155 of 10,126 patients 

(21%) suffered disease failure, and the 1-, 3-, and 5-year 
RRFS rates were 94.5%, 83.4%, and 78.4%, respectively (Fig. 
1C). The 1-, 3-, and 5-year rates for DFS stratified by T cat-
egory, N category, and clinical stage are detailed in Fig. 2G-I.  
Although T4 disease (67.7%) had a significantly lower 5-year 
DFS rate in comparison with T1 (89.5%), T2 (80.3%), and T3 
(78.5%) disease (p < 0.001), the DFS curves for T2 and T3 cat-
egory almost overlapped in the first 6 years after treatment 
(p=0.041) (Fig. 2G). The risk of suffering disease failure sig-
nificantly increased with clinical stage escalating from stage 
I to stage IVA (p < 0.001 for all) (Fig. 2H). When N category 
was analyzed as an ordinal variable (from N0 to N3), the 
cumulative survival curves presented an excellent discrimi-
nation in DFS (p < 0.001 for all), with corresponding 5-year 
DFS rates of 89.5%, 81.0%, 72.0%, and 64.3%, respectively 
(Fig. 2I). Additionally, we performed multivariable analysis 
to generate a nomogram to predict DFS in the SYSUCC-A 
cohort. Age, sex, smoking history, T category, and N cat-
egory were associated with DFS (p < 0.05 for all) (Table 3). 
A nomogram based on the above five significant covariates 
was further constructed in the SYSUCC-A cohort (S4A Fig.). 
The calibration plots for the three-year DFS predicted well 
in SYSUCC-A (C-index, 0.713; 95% CI, 0.677 to 0.752) (S4B 
Fig.), SYSUCC-B (C-index, 0.695; 95% CI, 0.667 to 0.727) (S4C 
Fig.), and WZRCH (C-index, 0.656; 95% CI, 0.532 to 0.774) 
(S4D Fig.) cohorts. In addition, the nomogram for DFS had 
a significantly higher C-index (0.713; 95% CI, 0.677 to 0.752) 
than the T category (C-index, 0.587; 95% CI, 0.557 to 0.616;  
p < 0.001), N category (C-index, 0.616; 95% CI, 0.586 to 0.646; 
p < 0.001), and clinical stage (C-index, 0.618; 95% CI, 0.590 to 
0.647; p < 0.001).

5. Local relapse-free survival 
Six hundred twenty-seven patients (6%) experienced a 

local failure event in the Guangzhou cohort. The 1-, 3-, and 
5-year LRFS rates were 99.2%, 95.4%, and 93.4%, respectively 
(Fig. 1D). Five-year LRFS rates for T1, T2, and T3 disease 
were 98.7%, 94.9%, and 93.7% (p < 0.05), respectively, and all 
significantly greater when compared with T4 disease (87.4%, 
p < 0.001 for all) (Fig. 3A). Most likely due to the difficultly 
of differentiating T2 and T3 disease, the LRFS curves for T2 
and T3 disease almost overlapped in the first 6 years after 
treatment (p=0.047) (Fig. 3A). Additionally, in the SYSUCC-A 
cohort we performed multivariable analysis for LRFS to gen-

Fig. 2.  (Continued from the previous page)

Group N0 N1 N2 N3

Di
se

as
e-

fre
e 

su
rv

iv
al

 ra
te

 (%
)

Time after treatment (mo)

0

20

100

60

80

40

12 36 48 84 967260240

3-Year survival (%)
92.9 (91.6-94.1)
86.2 (85.3-87.2)
77.4 (75.7-79.2)
69.9 (67.4-72.5)

Group
N0
N1
N2
N3

N1
N2
N3

5-Year survival (%)
89.5 (87.9-91.2)
81.0 (79.8-82.1)
72.0 (70.0-74.0)
64.3 (61.5-67.3)

No. at risk (number censored)
1,586

(0)
5,133

(0)
2,171

(0)
1,236

(0)

N0
 

N1

N2

N3

1,548
(10)

4,905
  (9)

2,006
  (2)

1,092
  (3)

1,492
(16)

4,575
(28)

1,807
  (8)

   937
  (4)

1,388
  (86)
4,182
(250)
1,589
  (95)
   801
  (66)

1,046
   (409)
3,008
(1,288)
1,099
   (527)
   511
   (326)

   677
   (763)
2,092
(2,138)
   642
   (956)
   290
   (523)

   412
(1,023)
1,156
(3,036)
   303
(1,282)
   130
   (682)

191
(1,238)

626
(3,545)

136
(1,441)

  69
  (740)

  47
(1,380)

164
(4,000)

  47
(1,529)

  21
  (783)

I

N0
< 0.001
< 0.001
< 0.001

N1
 

< 0.001
< 0.001

N2

< 0.001

Cancer Res Treat. 2021;53(3):657-670

664     CANCER  RESEARCH  AND  TREATMENT



Ji-Jin Yao, Survival Web-Based Nomograms for NPC

VOLUME 53 NUMBER 3 JULY 2021     665

Table 3.  Multivariable analysis of prognostic factors for NPC 
patients in the training cohort (n=6,751)

Endpoints HR (95% CI) p-valuea)

Overall survival
    Sex  
        Female Reference 
        Male  1.33 (1.01-1.75) 0.040
    Age (yr)  
        ≤ 30 Reference 
        31-40 1.85 (1.10-3.10) 0.020
        41-50 2.21 (1.35-3.63) 0.002
        51-60 2.73 (1.61-4.64) < 0.001
        ≥ 61 5.52 (3.33-9.16) < 0.001
    T category (8th edition)b)  
        T1 Reference 
        T2 1.54 (0.96-2.48) 0.072
        T3 2.08 (1.38-3.12) < 0.001
        T4 3.65 (2.40-5.56) < 0.001
    N category (8th edition)b)  
        N0 Reference 
        N1 2.41 (1.53-3.80) < 0.001
        N2 3.65 (2.28-5.85) < 0.001
        N3 5.43 (3.35-8.80) < 0.001
Distant metastasis-free survival  
    Sex  
        Female Reference 
        Male  1.53 (1.16-2.03) 0.003
    Age (yr)  
        ≤ 30 Reference 
        31-40 1.70 (1.06-2.70) 0.026
        41-50 1.64 (1.04-2.58) 0.033
        51-60 1.96 (1.19-3.20) 0.008
        ≥ 61 2.40 (1.47-3.92) < 0.001
    T ctaegory (8th edition)b)  
        T1 Reference 
        T2 1.27 (0.82-1.95) 0.283
        T3 1.62 (1.13-2.34) 0.009
        T4 2.04 (1.38-3.01) < 0.001
    N category (8th edition)b)  
        N0 Reference 
        N1 2.71 (1.66-4.43) < 0.001
        N2 4.28 (2.59-7.08) < 0.001
        N3 6.34 (3.80-10.60) < 0.001
Disease-free survival  
    Sex  
        Female Reference 
        Male  1.32 (1.06-1.63) 0.011
(Continued)

Table 3.  Continued

Endpoints HR (95% CI) p-valuea)

    Age (yr)
        ≤ 30 Reference 
        31-40 1.40 (0.99-1.98) 0.060
        41-50 1.51 (1.08-2.12) 0.015
        51-60 1.79 (1.24-2.59) 0.002
        ≥ 61 2.56 (1.79-3.67) < 0.001
    Smoking history  
        No  Reference 
        Yes 1.24 (1.04-1.49) 0.017
    T category (8th edition)b)  
        T1 Reference 
        T2 1.62 (1.15-2.27) 0.005
        T3 1.79 (1.33-2.40) < 0.001
        T4 2.64 (1.94-3.60) < 0.001
    N category (8th edition)b)  
        N0 Reference 
        N1 2.44 (1.73-3.44) < 0.001
        N2 3.34 (2.33-4.78) < 0.001
        N3 4.55 (3.14-6.59) < 0.001
Local relapse-free survival  
    Smoking history  
        No  Reference 
        Yes 1.46 (1.10-1.93) 0.009
    T category (8th edition)b)  
        T1 Reference 
        T2 3.06 (1.38-6.80) 0.006
        T3 3.73 (1.80-7.73) < 0.001
        T4 7.80 (3.75-16.23) < 0.001
    N category (8th edition)b)  
        N0 Reference 
        N1 1.87 (1.07-3.28) 0.028
        N2 2.28 (1.26-4.12) 0.006
        N3 1.98 (1.02-3.84) 0.043
Regional relapse-free survival  
    T category (8th edition)b)  
        T1 Reference 
        T2 2.17 (1.24-3.77) 0.006
        T3 1.37 (0.82-2.30) 0.232
        T4 1.38 (0.78-2.46) 0.269
    N category (8th edition)b)  
        N0 Reference 
        N1 3.40 (1.56-7.39) 0.002
        N2 5.22 (2.35-11.56) < 0.001
        N3 7.43 (3.31-16.69) < 0.001

CI, confidence interval; HR, hazard ratio; NPC, nasopharyngeal 
carcinoma; WHO, World Health Organization. a)p-values were 
calculated using an adjusted Cox proportional hazards model,  
b)According to the 8th edition of the American Joint Committee 
on Cancer staging system.  



erate a nomogram to predict LRFS. The predictors included 
smoking history, T category, and N category (Table. 3). We 
further built a nomogram (S5A Fig.) based on weighting 
of the three significant covariates in the SYSUCC-A cohort, 
yielding for LRFS a Harrell’s C-index of 0.697 (95% CI, 0.647 
to 0.746) (S5B Fig.). The calibration plots for the 3-year LRFS 
predicted well in the SYSUCC-B (C-index, 0.684; 95% CI, 
0.634 to 0.735) (S5C Fig.) and the WZRCH (C-index, 0.652; 
95% CI, 0.501 to 0.831) (S5D Fig.) cohorts. In addition, the 
nomogram for LRFS had a higher C-index (0.697; 95% CI, 
0.647 to 0.746) than T category (C-index, 0.650; 95% CI, 0.597 
to 0.703), though narrowly statistically significant (p=0.053). 

6. Regional relapse-free survival 
Five hundred twenty-six of the 10,126 patients (5%) suf-

fered regional recurrence in the overall Guangzhou cohort, 
and the 1-, 3-, and 5-year RRFS rates were 99.1%, 96.0%, 
and 94.3%, respectively (Fig. 1E). The 1-, 3-, and 5-year rates 
for RRFS stratified by N category was detailed in Fig. 3B. 
As the N category increased from N0 to N3, risk of suffer-
ing regional recurrence was also associated with an increase  
accordingly (p < 0.05 for all) (Fig. 3B). This is most likely due 
to the difficultly in differentiating between N2 and N3 dis-
ease. The RRFS curves for N2 and N3 disease were not clear-
ly separated following 6 years after treatment (p=0.031) (Fig. 
3B). Among the SYSUCC-A cohort, multivariable analysis 

for RRFS was conducted to generate a nomogram to predict 
RRFS. Significant predictors of RRFS were T category and N 
category (Table 3). A nomogram that was based on weight-
ing of the two significant covariates were constructed in the 
SYSUCC-B (S6A Fig.). In the SYSUCC-A cohort, calibration 
plots for 3-year RRFS were well predicted (C-index, 0.672; 
95% CI, 0.593 to 0.751) (S6B Fig.). This was also observed in 
the SYSUCC-B cohort (C-index, 0.650; 95% CI, 0.594 to 0.705) 
(S6C Fig.) and WZRCH cohort (C-index, 0.616; 95% CI, 0.431 
to 0.785) (S6D Fig.). In addition, the nomogram for RRFS had 
a higher C-index (0.672; 95% CI, 0.593 to 0.751) than N cate-
gory (C-index, 0.643; 95% CI, 0.581 to 0.705), with a potential 
trend towards statistical significance (p=0.054).

7. The development of web-based nomograms
To create user-friendly access, the underlying statistical 

formulas were implemented in the web-based nomograms. 
Web-based nomogram users will be able to estimate the  
individual 1-, 3-, and 5-year OS, DMFS, DFS, LRFS, and 
RRFS by entering the sex, age, history of smoking status, T 
category, and N category. S7 Fig. presents a screenshot of the 
web-based nomograms which are available on https://mod-
elstore.yiducloud.com.cn/#/?lang=en. For example, a male 
patient that was 46 years of age with T3N2M0 NPC enters 
the clinic. This patient had no prior history of smoking. The 
estimated 1-, 3-, and 5-year for OS were 99.14%, 90.61%, and 

Fig. 3.  Kaplan-Meier curves for 10,126 nasopharyngeal carcinoma patients receiving intensity-modulated radiotherapy: local relapse-free 
survival (A) stratified by T category and regional relapse-free survival (B) stratified by N category.
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86.35%, DMFS were 94.07%, 84.05%, and 82.81%, DFS were 
92.61%, 77.97%, and 72.48%, LRFS were 99.02%, 95.27%, and 
92.95%, and RRFS were 98.55%, 93.19%, and 90.32%.

 

Discussion

Although various studies have built nomograms for pre-
dicting survival outcomes after RT for NPC, a web-based 
prediction model is still needed for clinical assessment and  
patient counseling. To the best of our knowledge, this is the 
first study to include external validation to characterize pat-
terns of disease recurrence, and establish web-based nomo-
grams derived from large series of patients with NPC who 
underwent radical IMRT. These user-friendly web-based 
models may serve as a useful tool for providing patient 
counseling and helping physicians to make individual fol-
low-up plans.

The current study showed that patients with stage I dis-
ease had an excellent survival rate of 99.5%. In contrast, stage 
IVA disease patients were most challenging to treat, with 25% 
of patients dying within 5 years. A similar trend was also  
observed in patients with N3 category. With the use of IMRT, 
local relapse rate in NPC improved greatly and more than 
70% of the deaths are attributed to distant metastasis [14]. 
For this reason, prognostic value for T category has poten-
tially become weaker compared with N category because of 
great local control. Consistent with the conclusion, N catego-
ry has comparable prognostic accuracy in OS compared with 
clinical stage in our study. This observation was the result of 
weakening impact for the T category on clinical stage, which 
would reduce the prediction efficiency of clinical stage for 
OS [15]. Although prognostic models could provide a more 
accurate and precise prediction than the TNM staging sys-
tem, there are few prognostic models related to OS for NPC. 
Recently, Liang et al. [16] developed a nomogram for pre-
dicting OS based on 1520 non-metastatic patients diagnosed 
with NPC that underwent curative IMRT with the Harrel’s 
C-index of 0.69 (95% CI, 0.67 to 0.71). In the current series, 
a prognostic nomogram to predict OS was built and our 
nomogram provided a higher C-index 0.736 (95% CI, 0.690 to 
0.783) than the study reported by Liang et al. [16]. Moreover, 
the nomogram performance was verified in all validation  
cohorts. Therefore, our nomogram potentially provides a 
more accurate method for predicting OS among NPC pati-
ents.

With the improvement of locoregional control in the mod-
ern era, distant metastasis is now the primary failure pattern 
for NPC. The result from the present study was found to be 
in line with previous studies [17]. Our study showed that 
the actual 5-year DMFS was 86.9%, which is comparable to 

results by Sun et al. [18] and Lai et al. [19], though slightly 
higher than a study by Wu et al. (5-year DMFS, 81.8%) [20]. 
We postulate that the utilization rate of chemotherapy might 
partly be attributed to the inconsistency. It is well recognized 
that distant control could be improved by using chemother-
apy, especially among advanced-stage patients [21]. In the 
study by Wu et al. [20], nearly 20% of stage III-IV disease 
did not receive chemotherapy. In contrast, less than 5% of 
stage III-IV disease received RT only. Although patients with 
N0 disease achieved an excellent distant control rate (5-year 
DMFS, 95%), 20%-30% of patients with N2-3 disease suffered 
distant failure. Efforts to improve distant control for NPC will 
likely require greater attention to patients with N2-3 disease. 
Since the primary advantage of induction chemotherapy (IC) 
is improving distant control [22], IC of adequate intensity, 
such as four cycles is potentially a reasonable approach to 
lessen distant metastasis of N2-3 disease [23]. However, this 
hypothesis must be further examined in prospective clini-
cal trials. Additionally, we built a nomogram to predict risk 
of distant metastasis, yielding a satisfactory C-index (0.717; 
95% CI, 0.665 to 0.768), and in all validation cohorts the nom-
ogram’s performance was verified. Therefore, the nomogram 
in the current study potentially provides a simple and accu-
rate method for predicting distant metastasis in the clinical 
management of NPC.

The 5-year DFS shown in this study is slightly higher than 
that by Lai et al. [19], but to some extent lower than that by 
Zhang et al. [24]. We found that the 3- and 5-year DFS rates 
were 83.4% and 78.4%, respectively. Interestingly, only a 
small decrease was found between 3- and 5-year DFS (5.0%), 
comparable with findings by Lee et al. [25]. Since 10% to 
20% of NPC patients with local or systemic recurrence might 
be cured with supplementary treatment [17], it is essential 
to identify individuals early that are at high risk of recur-
rence. In the present study, we developed and validated a 
prognostic nomogram based on clinicopathologic factors, 
and proved that the prognostic nomogram was effective 
for DFS prediction (C-index, 0.713; 95% CI, 0.677 to 0.752).  
Recently, an MRI-based radiomics nomogram was reported 
to have better prognostic ability for advanced NPC (C-index, 
0.776; 95% CI, 0.678 to 0.873) [26]. Although it provided a bet-
ter predictive efficacy, there is still a long way to go before 
clinical application because of constraints in the instability of 
MRI-based radiomics. Compared with previous prognostic 
models [26,27], a major strength of our model is that prog-
nostic factors were easy to obtain, and the nomogram yield-
ed a satisfactory C-index as well.

Recent improvements in local control for NPC patients 
is partly attributable to IMRT [28]. Early studies [14,18] by 
independent groups reported 5-year local control rates of 
85%-95% in the IMRT era for NPC aligning with our find-



ings. Largely, advanced T category and poor local control are  
associated, but the recent study by Au et al. [29] found no 
associated difference in local recurrence between T2 and T3. 
Though in the present study our survival curves for T2 and 
T3 nearly overlapped, they were still slightly significant. This 
inconsistency might be due to the large sample size in the 
present study. Since local control rate achieved using IMRT 
is higher than 90%, the prognostic power of T categories  
decreased. Hence, it seems reasonable to suggest T catego-
ries could be further optimized, for example through merg-
ing T2 and T3 or incorporating other distinguishing factors 
[15]. Although the local control for patients treated by IMRT 
significantly improved compared with those receiving two- 
dimensional RT (2DRT), it remains unsatisfactory for pa-
tients with T4 category having a local recurrence rate of near-
ly 15% suffered in the current study. This suggests that better  
patient stratification of T4 disease for treatment intensifica-
tion is needed [7]. 

Based on previous research, both IMRT and 2DRT were 
equally effective in achieving regional control in the lymph 
region [19,24]. Our 5-year RRFS rate was approximately 
94%, analogous to regional control rates achieved in previ-
ous IMRT studies [15,29]. To date, it remains unclear the pro-
phylactic irradiation of all neck node levels in NPC patients 
without lymph node metastasis. Most prior clinical trials 
on NPC treatment encouraged routine bilateral entire neck  
irradiation (from retropharyngeal region to level IV/V [15]. 
However, some investigators have confirmed that elective 
upper neck lymph drainage region (level II, III, and VA) is 
appropriate for NPC negative cervical lymph nodes [30]. In 
the current study, patients with N0 disease only received 
prophylactic irradiation to the upper neck lymph drainage 
region (level II and III), not including the level IV to VB, and 
supraclavicular lower neck lymph node drainage areas. The 
RRFS rate for these group of patients was up to 99%. This 
potentially suggest that prophylactic irradiation of level II 
and III provides sufficient regional control for patients with 
N0 disease, and prophylactic irradiation excluding the level 
IV-VB and supraclavicular region may not increase the risk 
of regional recurrence in N0 disease [31]. However, compara-
tive randomized clinical trials are still needed.

In the current study, the main strength is the large-scale 
data that utilizes objective information such as medical  
records, which provides accurate medical treatment out-
comes for NPC. However, there are several limitations that 
should be mentioned. First, our nomograms did not include 
plasma Epstein-Barr virus (EBV) DNA. There are increas-
ing data suggesting plasma EBV DNA can be a beneficial  
molecular marker for prognosis in NPC patients [32]. How-
ever, the testing methodology has not been standardized 
globally. Additionally, the test is expensive and the value for  

optimal cutoff has yet to be defined. Second, nomograms were 
determined based on data collected from endemic areas in the 
current study. Therefore, uncertainty remains whether these 
nomograms are applicable to patients in nonendemic areas. 
Third, as the median follow-up for the validation cohort was 
about 4 years, close monitoring and 5-year follow-up data are 
still required for these patients. Fourth, not all of advanced-
stage patients could receive PET-CT due to the issue of health  
insurance in our country, which may cause inaccurate in  
tumor staging. However, patients with advanced-stage NPC 
who have no conditions to pay PET-CT fees were required 
to complete chest and abdomen enhanced CT and ECT in 
our study, which to a certain extent ensures the accuracy of 
tumor staging. Finally, adding possible clinically significant 
interactions is excellent. However, it is beyond the scope of 
the current study which focused on the prediction model 
rather than association assessment. But we will consider it 
in future studies.

In conclusion, our study provides comprehensive insight 
on clinical features, patterns of recurrence, and survival out-
comes for non-metastatic NPC in an endemic area. The train-
ing and validation of nomograms based on existing prog-
nostic factors provides a satisfactory prediction efficiency. To 
encourage widespread clinical use, we published our nomo-
grams as a publicly available online tool. The user-friendly 
web-based models may serve as a useful tool for helping 
physicians make individual follow-up plans and providing 
patient counseling. Future research is needed to test these 
nomograms on multiple datasets across nonendemic areas to 
further strengthen accuracy of prediction.
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Introduction

Squamous cell carcinoma and its associated variants repre-
sent the major histologic subtype that account for 90% of all 
head and neck tumor cases [1]. The combination chemother-
apy with platinum, fluorouracil, and cetuximab, known as  
EXTREME regimen, improves the survival of patients (hazard 
ratio (HR) for death 0.80, p=0.04) and is the standard treat-
ment for recurrent or metastatic head and neck squamous 
cell carcinoma (R/M HNSCC) [2]. However, there are limited 

treatments for patients with R/M HNSCC that are resistant 
to platinum-containing chemotherapy. As a result, prognosis 
is dismal, and the patients survive for about 3.0-6.7 months 
[3,4]. Two phase 3 clinical studies evaluating the efficacy of 
tyrosine kinase inhibitors in epidermal growth factor receptor 
with gefitinib and afatinib failed to demonstrate a survival 
benefit compared with methotrexate treatment, the standard 
second-line therapy [4,5].

The coupling of programmed cell death protein-1 (PD-
1) expressed by T cells with programmed death-ligand 1 
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Purpose  This study was conducted to determine the effectiveness of immune checkpoint inhibitors (ICIs) in recurrent or metastatic 
head and neck squamous cell carcinoma (R/M HNSCC) after platinum-containing chemotherapy. We also identified clinical biomark-
ers which may be predictive of patient prognosis.  
Materials and Methods  We analyzed 125 patients with R/M HNSCC who received ICIs, retrospectively. Overall response rate (ORR) 
was the primary study outcome. Overall survival (OS) and progression-free survival (PFS) were the secondary study outcomes.    
Results  The patients received anti–programmed cell death protein-1 (PD-1) (n=73, 58%), anti–programmed death-ligand 1 (PD-L1) 
(n=24, 19%), or a combination of anti–PD-1/PD-L1 and anti–cytotoxic T-lymphocyte antigen 4 (n=28, 22%). The median age was 57 
years (range, 37 to 87). The location of the primary tumor was in the oral cavity in 28% of the cases, followed by oropharynx (27%), 
hypopharynx (20%), and larynx (12%). The ORR was 15% (19/125). With 12.3 months of median follow-up, median PFS was 2.7 
months. Median OS was 10.8 months. A neutrophil-to-lymphocyte ratio (NLR) > 4 was significantly associated with poor response to 
ICIs (odds ratio, 0.30; p=0.022). A sum of the target lesions > 40 mm (hazard ratio [HR], 1.53; p=0.046] and a NLR > 4 (HR, 1.75; 
p=0.009) were considered to be predictive markers of short PFS. A poor performance status (HR, 4.79; p < 0.001), a sum of target 
lesions > 40 mm (HR, 1.93; p=0.025), and an NLR > 4 (HR, 3.36; p < 0.001) were the significant predictors for poor survival.  
Conclusion  ICIs exhibited favorable antitumor activity in R/M HNSCC. Clinically, our findings can be used to recognize patients benefit 
from receiving ICI. 
Key words  Head and neck neoplasms, Biomarkers, Immune check point, Platinum refractory, Sum of target lesions

Yun-Gyoo Lee1, Hyun Chang2, Bhumsuk Keam3, Sang Hoon Chun4, Jihyun Park5, Keon Uk Park6, Seong Hoon Shin7, Ho Jung An8, 
Kyoung Eun Lee9, Keun-Wook Lee10, Hye Ryun Kim11, Sung-Bae Kim12, Myung-Ju Ahn13, In Gyu Hwang14

1Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, 2Department of Internal 
Medicine, International St. Mary’s Hospital, Catholic Kwandong University College of Medicine, Incheon, 3Department of Internal Medicine, 
Seoul National University Hospital, Seoul, 4Department of Internal Medicine, Bucheon St. Mary’s Hospital, College of Medicine, The Catholic 
University of Korea, Bucheon, 5Department of Internal Medicine, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, 
6Department of Hemato-Oncology, Keimyung University Dongsan Medical Center, Daegu, 7Department of Internal Medicine, Kosin University Gospel 
Hospital, Kosin University College of Medicine, Busan, 8Department of Internal Medicine, St. Vincent’s Hospital, College of Medicine, 
The Catholic University of Korea, Seoul, 9Department of Hematology and Oncology, Ewha Womans University Hospital, Seoul, 10Department of 
Internal Medicine, Seoul National University Bundang Hospital, Seongnam, 11Department of Internal Medicine, Yonsei Cancer Center, 
Yonsei University College of Medicine, Seoul, 12Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, 
13Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 14Department of Internal Medicine, 
Chung-Ang University Hospital, Chung-Ang University College of Medicine, Seoul, Korea

Outcomes and Biomarkers of Immune Checkpoint Inhibitor Therapy in Patients 
with Refractory Head and Neck Squamous Cell Carcinoma: KCSG HN18-12

Correspondence: In Gyu Hwang
Department of Internal Medicine, Chung-Ang University Hospital, Chung-Ang 
University College of Medicine, 102 Heukseok-ro, Dongjak-gu, Seoul 06973, Korea 
Tel: 82-2-6299-1403  Fax: 82-2-6299-3299  E-mail: oncology@cau.ac.kr

Received  August 15, 2020  Accepted  December 4, 2020
Published Online  December 7, 2020

Co-correspondence: Myung-Ju Ahn
Division of Hematology and Oncology, Department of Medicine, 
Samsung Medical Center, Sungkyunkwan University School of Medicine, 
81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea
Tel: 82-2-3410-3438  Fax: 82-2-3410-1754  E-mail: silkahn@skku.edu 

*Yun-Gyoo Lee and Hyun Chang contributed equally to this study.



(PD-L1), expressed by tumor cells as a mechanism of tumor  
immune evasion, heads to the suppression of the T-cell anti-
tumor responses. The inhibitory immune checkpoint path-
way can be blocked by immune checkpoint inhibitors (ICIs) 
to reactivate antitumor immune activity [6]. 

Nivolumab and pembrolizumab, a class of anti-PD-1 
monoclonal antibodies, have been approved for patients 
with R/M HNSCC who failed platinum-containing chemo-
therapy regardless of the results of biomarker test [7,8]. ICI 
monotherapy exhibits a response rate of only ~20% or less. 
To identify predictive biomarkers of the ICI response, several 
potential predictive and/or prognostic biomarkers have been 
evaluated in HNSCC patients, including expression of tumor 
PD-L1 status, tumor mutation burden, and immune-related 
gene expression signatures [9-11]. However, in the case of 
tumor PD-L1 expression, the standard protocols for staining 
and interpreting results have not yet been established for the 
various ICIs. For high tumor mutational burden, which is 
one of the most actively studied genetic signature associated 
with a favorable outcome of ICI therapy, the costliness, and 
long turnaround time of whole-exome sequencing are major 
obstacles that limit its clinical use [12]. The investigation of 
immune-related gene signatures that can be used to predict 
outcome of ICI therapy is ongoing, and further studies are 
necessary to confirm this approach [13]. 

This study is aiming at determining the real-world effec-
tiveness of ICIs therapy in R/M HNSCC patients and iden-
tifying clinical biomarkers that can be useful for predicting 
patient prognosis. 

Materials and Methods
 
1. Patient cohort

All patients diagnosed with R/M HNSCC, then treated 
with ICIs between January 2013 and December 2018 at elev-
en participating hospitals were included and analyzed ret-
rospectively. This study was eligible for patients who were 
over 18 years of age and pathologically confirmed R/M HN-
SCC that was resistant to curative intent treatments. In addi-
tion, patients had previously received platinum-containing 
chemotherapy in the context of primary or recurrent stage, 
acceptable complete blood counts, adequate liver and kidney 
function. The patients whose disease had progressed within 
6 months after the end of platinum-based definitive concur-
rent chemoradiotherapy were allowed to enroll in this study. 
At least one measurable target was necessary according to 
the Response Evaluation Criteria in Solid Tumors (RECIST) 
ver. 1.1.

Patients with nasopharyngeal cancer, or who had received 
previous therapy targeting immune checkpoint pathways, 

were excluded. Human papillomavirus (HPV) testing was 
not obligatory for oropharyngeal cancer patients. 

2. Treatment of ICIs
This outcome study included all eligible patients who had 

received any combination of PD-1, PD-L1, and/or cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) inhibitors during routine 
practice retrospectively. When gathering information regard-
ing ICIs used in each hospital, we did not collect the exact 
names, but collected the class of ICIs used to ensure the neu-
trality of the analyst. Patients were received until progressive 
disease or unacceptable toxicities. 

3. Study outcomes and statistical analysis
The primary study outcome was the overall response rate 

(ORR) by the criteria of RECIST ver. 1.1. Secondary study 
outcomes included progression-free survival (PFS) and over-
all survival (OS). 

To compare patient characteristics and study outcomes  
between groups, independent t tests for continuous variables 
and chi-square tests for categorical variables as appropriate. 
Logistic-regression models were used to assess the asso-
ciation between ICIs and tumor response, after adjusting 
for other factors. Multivariate Cox regression analysis was 
performed to determine predictors for increased survival. A  
p ≤ 0.05 was the significant threshold. All statistical testing 
was conducted using Stata ver. 13.0 software (Stata Corp LP, 
College Station, TX).

Results

1. Patient characteristics
The baseline patient demographics are summarized in 

Table 1. A total of 125 patients with R/M HNSCC received 
ICIs. The median patients’ age was 57 years (range, 33 to 87 
years), and 82% were male. More than half of the patients 
(56%) were current or former smokers. The site of the pri-
mary tumor was the oral cavity in 28% of the patients, fol-
lowed by oropharynx (27%), hypopharynx (20%), and lar-
ynx (12%). The front-line treatment for advanced HNSCC 
was surgery for 46% of the patients, followed by concurrent 
chemoradiotherapy in 21%. The median number of systemic 
therapy lines prior to ICI treatment was one (range, 0 to 4). 
Study population included 15 (12%) patients with zero line 
of systemic therapy, who received platinum-based concur-
rent chemoradiotherapy but the disease progressed within 6 
months of chemoradiotherapy.

ICI treatments included a PD-1 inhibitor in 58% of the  
patients, PD-L1 inhibitor in 19%, and a combination of PD-1/
PD-L1 and CTLA-4 inhibitors in 22%. The interval between 
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cancer diagnosis and ICI initiation was median 17.1 months. 
Patients had received ICIs with a median of three cycles 
(range, 1 to 34). The median sum of the target lesions prior to 
ICI therapy was 42 mm (range, 10 to 118 mm). The character-

Table 1.  Baseline demographics and disease characteristics of 
patients with advanced HNSCC treated with immune check-
point inhibitors

Characteristic No. (%) (n=125)

Age, median (range, yr) 57 (33-87)
Male sex 103 (82.4)
ECOG PS
    0 8 (6.4)
    1 98 (78.4)
    2 16 (12.8)
    3 3 (2.4)
Smoking history
    Current or former  70 (56.0)
    Never  39 (31.2)
    Unknown 16 (12.8)
HPV status 
    HPV-associated  27 (21.6)
    Non-HPV associated 30 (24.0) 
    Not tested  68 (54.4)
Primary tumor location
    Oral cavity 35 (28.0)
    Oropharynx 34 (27.2)
    Hypopharynx 25 (20.0)
    Larynx 15 (12.0)
    Others (nasal cavity, maxillary sinus) 16 (12.8)
Histologic grade of squamous cell carcinoma
    Well differentiated  11 (8.8)
    Moderate differentiated 41 (32.8) 
    Poorly differentiated  24 (19.2)
    Undifferentiated 1 (0.8)
    Not assessed    48 (38.4)
Front-line treatment for advanced HNSCC
    Surgery 58 (46.4)
    Concurrent chemoradiotherapy  26 (20.8)
    Preoperative chemotherapy 22 (17.6)
    Palliative chemotherapy 16 (12.8)
    Radiotherapy 3 (2.4)
Prior lines of systemic therapy
    0 15 (12.0)
    1 58 (46.4)
    2 35 (28.0)
    3 13 (10.4)
    ≥ 4 4 (3.2)
ECOG PS, Eastern Cooperative Oncology Group performance 
status; HNSCC, head and neck squamous cell carcinoma; HPV,  
human papilloma virus.

Table 2.  Characteristics of ICIs which was administered to 125 
patients with recurrent and metastatic HNSCC

Characteristic Value (n=125)

ICI drugs 
    Anti–PD-1 73 (58.4)
    Anti–PD-L1  24 (19.2)
    Anti–PD-1/PD-L1+anti–CTLA-4  28 (22.4)
Time between diagnosis and 17.1 (0.4-155.4)
  start of ICIs (mo)
No. of cycles 3 (1-34)
WBC count prior to ICIs (/mm3) 6,830 (1,357-385,140)
    Proportion of neutrophils (%) 73.2 (47-95)
    Proportion of lymphocytes (%) 15.2 (1.1-39)
    Neutrophil-to-lymphocyte ratioa) 39.5 vs. 60.5
      (> 4 vs. ≤ 4) (%)  
Sum of target lesions prior to ICIs (mm) 42 (10-118)
Median time to response  60 (
  (complete or partial response) (day)  
Duration of response in respondents,  9.7 (5.8-16.3)
  median (95% CI, mo) 
Values are presented as number (%) or median (range) unless 
otherwise indicated. CI, confidence interval; CTLA-4, cytotoxic 
T-lymphocyte antigen 4; HNSCC, head and neck squamous 
cell carcinoma; ICI, immune checkpoint inhibitor; PD-1, pro-
grammed cell death protein-1; PD-L1, programmed death-ligand 
1. a)The neutrophil-to-lymphocyte ratio is defined as the absolute 
neutrophil count divided by the absolute lymphocyte count.

Fig. 1.  Efficacy of immune checkpoint inhibitors based on  
Response Evaluation Criteria in Solid Tumors  ver. 1.1 by inves-
tigator assessment. The data shown represents the maximum 
percentage change from baseline in the sum of the longest diam-
eter of the largest lesions (n=110). CR, complete response; PD, 
progressive dis ease; PR, partial response; SD, stable disease.
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istics of the ICIs treatments are tabulated in Table 2.

2. Study outcomes
Among the 125 patients, eight (6%) did not receive post-ICI 

imaging and were not evaluated. The ORR was 15% (19/125; 
95% confidence interval [CI], 3.6 to 36.8): a complete response 
was found in 3% (4/125), and a partial response was found 
in 12% (15/125) (Fig. 1). For responders, the median duration 
of response was 9.7 months (95% CI, 5.8 to 16.3). Following 
the analysis of the response rate with respect to the primary 
tumor location, the ORR was 21% for oropharyngeal cancer 
and 13% for non-oropharyngeal cancers (p=0.770 by the chi-
square test). The antitumor activity of the ICIs is tabulated 
in Table 3. Among various clinical characteristics, a neutro-
phil-to-lymphocyte ratio (NLR) > 4 (vs. ≤ 4) was predictive 
of ICIs response (S1 Table). After adjustment for covariates, 
the association between NLR > 4 and poor response of ICIs 
(odds ratio [OR], 0.30; 95% CI, 0.11 to 0.84; p=0.022) remained 
significant (Table 4).

The PFS was 2.7 months (95% CI, 2.2 to 3.5), and the  

median OS was 10.8 months (95% CI, 7.5 to 18.7) (Fig. 2A and 
B). When we compared the median OS by the primary tumor 
location, patients with oropharyngeal cancer exhibited most 
favorable survival (Fig. 2C). Of note, OS was significantly 
different between oropharyngeal and non-oropharyngeal 
cancer (HR, 0.46; 95% CI, 0.24 to 0.86; p=0.016) (Fig. 2D). 

3. Univariate and multivariate analyses for progression and 
death

By uni- and multivariate analyses, a sum of the target  
lesions > 40 mm (vs. ≤ 40 mm) (HR, 1.53 [1.01-2.33]; p=0.046) 
and a NLR > 4 (vs. ≤ 4) (HR, 1.75 [1.15-2.65]; p=0.009) were 
independent risk factors for short PFS (Table 4, S2 Table). In 
terms of OS, a poor performance status (Eastern Cooperative 
Oncology Group performance status 2-3) (vs. 0-1), a sum of 
target lesions > 40 mm (vs. ≤ 40 mm), and an NLR > 4 (vs. ≤ 
4) were the significant predictors for poor survival (Table 4, 
S3 Table). 

Table 4.  Patients and tumor characteristics related to progression-free survival and overall survival according to multivariate analysis

Outcomes Estimate (95% CI) p-value

Overall response rate  Odds ratio
    Neutrophil-to-lymphocyte ratioa) (> 4 vs. ≤ 4) 0.30 (0.11-0.84) 0.022
Progression-free survival Hazard ratio 
    Sum of target lesions (> 40 mm vs. ≤ 40 mm) 1.53 (1.01-2.33) 0.046
    Neutrophil-to-lymphocyte ratioa) (> 4 vs. ≤ 4) 1.75 (1.15-2.65) 0.009
Overall survival  
    ECOG PS (2-3 vs. 0-1) 4.79 (2.31-9.95) < 0.001
    Sum of target lesions (> 40 mm vs. ≤ 40 mm) 1.93 (1.08-3.43) 0.025
    Neutrophil-to-lymphocyte ratioa) (> 4 vs. ≤ 4) 3.36 (1.74-6.49) < 0.001

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status. a)The neutrophil-to-lymphocyte ratio is  
defined as the absolute neutrophil count divided by the absolute lymphocyte count.

Table 3.  Antitumor activity of ICIs in 125 patients with recurrent and metastatic HNSCC

Response evaluation
                                                               Responses per RECIST version 1.1 by investigator assessment (n=125)

 No. (%) Oropharynx (n=34) Non-oropharynx (n=91)

Overall response ratea) 19 (15.2) 7 (20.6) 12 (13.2)
    Complete response 4 (3.2) 2 (5.9) 2 (2.2)
    Partial response 15 (12.0) 5 (14.7) 10 (11.0)
Stable disease 32 (25.6) 7 (20.6) 25 (27.5)
Progressive disease 68 (54.4) 18 (52.9) 50 (54.9)
Not evaluableb)   6 (4.8) 2 (5.9) 4 (4.4)
Total 125 (100) 34 (100) 91 (100)
HNSCC, head and neck squamous cell carcinoma; ICI, immune checkpoint inhibitor; RECIST, Response Evaluation Criteria in Solid 
Tumors. a)p=0.770 by chi-square test to compare response rate between oropharynx and non-oropharynx, b)Patient had no post baseline 
imaging.
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Discussion

This real-world data for the effectiveness of ICIs therapy in 
R/M HNSCC patients following platinum-containing chem-
otherapy exhibited a 15% response rate, a PFS of 2.7 months 
and an OS of 10.8 months, which is quite consistent with pre-
vious studies [7,8]. 

Prior to the introduction of ICI for HNSCC therapeutics, 
prognosis was dismal with only 6 months or less median 
survival, especially in the context of progressive disease 
following platinum-based chemotherapy within 6 months 
[5,14]. Based on two well-designed randomized controlled 
trials, anti–PD-1 antibodies proved survival benefits com-
pared with second-line systemic therapy including metho-
trexate, docetaxel, and cetuximab in patients with refractory 
R/M HNSCC [7,8]. In the CheckMate-141 study, the OS 
was significantly increased in patients receiving nivolumab 
compared with patients receiving standard second-line sys-
temic therapy (median OS, 7.5 months vs. 5.1 months; HR, 
0.70; p=0.01) [7]. The ORR was also higher in patients who 

were given nivolumab compared with patients who receiv-
ing standard therapy (13.3% vs. 5.8%, respectively). In the 
KEYNOTE-040 study, Cohen et al. [8] found that pembroli-
zumab demonstrated a clinically meaningful increase in OS 
(8.4 months) compared with standard treatment (6.9 months) 
(HR, 0.80; p=0.0161). Additionally, treatment with pembroli-
zumab turned to an ORR of 14.6%. 

Interestingly, our data showed differences in the antitu-
mor activities of ICIs that were dependent on the primary 
tumor location. The ORR (21%) for oropharyngeal cancers 
was higher than those for non-oropharyngeal cancers (13%). 
In contrast, when the study population was grouped into 
oropharyneal or non-oropharyneal cancer, a significant dif-
ference in OS was observed (HR, 0.46; 95% CI, 0.24 to 0.86; 
p=0.016) (Fig. 2D). 

The effect of HPV infection on outcomes could not be  
assessed in our study, because the number of study patients 
tested for HPV status was low. Though the proportion of  
patients with an ORR were similar regardless of HPV infec- 
tion in phase Ib (KEYNOTE-012) and phase II (KEYNOTE- 

Fig. 2.  Progression-free survival and overall survival in 123 evaluable patients. (A) Median progression-free survival: 2.7 months (95% 
confidence interval [CI], 2.2 to 3.5). (B) Median overall survival: 10.8 months (95% CI, 7.5 to 18.7). (C) Overall survival by primary tumor 
location. (D) Overall survival by oropharynx vs. non-oropharynx (hazards ratio, 0.46; 95% CI, 0.24 to 0.86; p=0.016).
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055) studies with pembrolizumab, further studies on predic-
tive roles of HPV status were warranted [9,15].

Of note, we found that a baseline sum of the target lesions 
< 40 mm was an independent risk factor for longer PFS and 
OS. The summation of the longest dimension in all meas-
urable targets quantifies the baseline tumor scale. Recent 
studies showed that baseline tumor scale was the significant 
prognostic factor of ICI therapy in non-small cell lung cancer 
and malignant melanoma [16,17]. Joseph et al. [16] reported 
that the baseline tumor scale below the median value was an 
independent risk factor of survival in pembrolizumab-treat-
ed patients with advanced malignant melanoma. Katsura-
da et al. [17] reported that baseline tumor scale above the  
median value was a negative predictive and prognostic indi-
cator for the response to ICIs in non-small cell lung cancer. 
Given that the baseline tumor scale reflects overall burden of  
tumor, a low tumor burden might be a simple and clinically 
useful indicator of better outcomes of ICI treatment in R/M  
HNSCC patients. 

As a clinical biomarker, we also found that an NLR prior 
to ICI therapy is strongly and independently associated with 
patient outcome. Our study indicated that a high NLR > 4 
(vs. ≤ 4) lead to a poor response to ICIs (OR, 0.30; 95% CI, 0.11 
to 0.84; p=0.022), a worse PFS (HR, 1.75; 95% CI, 1.15 to 2.65; 
p=0.009) and OS (HR, 3.36; 95% CI, 1.74 to 6.49; p < 0.001). 
Systemic inflammation is related to overall prognosis in  
patients with solid tumors because inflammation affects the 
immune response to tumors [18-21]. Given that the NLR is an 
established marker of the overall immune response to stress 
stimuli, the prognostic use of the NLR in context of ICI thera-
py is quite speculative. A recent meta-analysis demonstrated 
that a high NLR is related to worse outcomes throughout dif-
ferent reports [22]. This is likely because an elevated NLR  
reflects increased levels of peripheral blood regulatory T 
cells, granulocytes, and myeloid-derived suppressor cells, 
which play an important role in a suppressive tumor micro-
environment and tumor progression [23,24]. Considering 
that the NLR can be easily evaluated from a routine complete 
blood count, it could provide a simple and inexpensive test 
for the prediction of R/M HNSCC prognosis.

A few limitations should be noted. First, retrospective 
design of the work may lead to selection bias. The various 
ICIs used in this work also contributed to heterogeneity of 
the study drug and patient population. However, the data 
were obtained from 11 referral hospitals and relatively large 
number of patients were enrolled (n=125), which reflects the 
real-world situation in the Korean patient population. In an 
era of ICIs treatment, we usually pay special attention to 
immune-related adverse events (IRAE), because the pres-
ence of IRAEs is related to a longer duration of response and 
are the major causes of drug discontinuation [25]. However, 

our study could not collect IRAEs because the retrospective  
nature of our study may have caused an underestimation of 
patient-reported IRAEs. Additionally, we could not retrieve 
the data regarding expression of tumor PD-L1 status due to 
the difference in PD-L1 staining methods used and interpret-
ing results. Given the absence of a conclusion regarding the 
PD-L1 expression status as a reliable biomarker in the treat-
ment of HNSCC with ICIs, it would be better to wait for the 
results of upcoming prospective studies [26].   

Taken together, this retrospective study suggests that ICIs 
are effective in R/M HNSCC patients following platinum-
containing chemotherapy. Furthermore, two simple and  
inexpensive clinical biomarkers, low tumor burden (a sum 
of target lesions ≤ 40 mm) and a low NLR (≤ 4) may serve 
as predictors to recognize patients with R/M HNSCC who 
benefit from receiving ICIs.
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Introduction

The infection caused by the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), named coronavirus 
disease 2019 (COVID-19) by the World Health Organiza-
tion (WHO), has spread rapidly worldwide since it was first  
reported in Wuhan, China, at the end of December 2019 [1,2]. 
The new virus has affected more than 200 countries and ter-
ritories to date and continues to spread further [2,3].

Patients with cancer, especially those with lung cancer, 
are suggested to be vulnerable to COVID-19. Previous stud-
ies have shown that the rate of COVID-19 in cancer patients 
is higher than that in the general population [4-7], and lung 
cancer is the most common cancer subtype. However, these 
studies included patients with all type of cancers and did not 
control for important demographic characteristics (e.g., age, 

sex, and socioeconomic status) [6] and pulmonary comorbidi-
ties (e.g., chronic obstructive pulmonary disease [COPD] and 
asthma) [8,9], which have high susceptibility to COVID-19.

According to the available data, 5%-20% of COVID-19  
patients have severe disease [1,3,10,11], which is mainly char-
acterized by acute respiratory distress syndrome. Patients 
with lung cancer are suggested to be at a higher risk of this 
severe form of COVID-19 [6,7,12,13]. Recent studies have 
shown that the mortality rate of patients with lung cancer is 
higher than that of the general population when infected with 
COVID-19 [12,13]. However, as these studies were conducted 
in a single center, they did not directly compare the severity 
of COVID-19 and mortality between patients with lung can-
cer and those without lung cancer or the general population. 
They also did not consider clinical characteristics such as age, 
sex, and common pulmonary comorbidities in patients with 
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Purpose  This study aimed to analyze whether patients with lung cancer have a higher susceptibility of coronavirus disease 2019 
(COVID-19), severe presentation, and higher mortality than those without lung cancer.    
Materials and Methods  A nationwide cohort of confirmed COVID-19 (n=8,070) between January 1, 2020, and May 30, 2020, and 
a 1:15 age-, sex-, and residence-matched cohort (n=121,050) were constructed. A nested case-control study was performed to com-
pare the proportion of patients with lung cancer between the COVID-19 cohort and the matched cohort. 
Results  The proportion of patients with lung cancer was significantly higher in the COVID-19 cohort (0.5% [37/8,070]) than in the 
matched cohort (0.3% [325/121,050]) (p=0.002). The adjusted odds ratio [OR] of having lung cancer was significantly higher in the 
COVID-19 cohort than in the matched cohort (adjusted OR, 1.51; 95% confidence interval [CI], 1.05 to 2.10). Among patients in the 
COVID-19 cohort, compared to patients without lung cancer, those with lung cancer were more likely to have severe COVID-19 (54.1% 
vs. 13.2%, p < 0.001), including mortality (18.9% vs. 2.8%, p < 0.001). The adjusted OR for the occurrence of severe COVID-19 in  
patients with lung cancer relative to those without lung cancer was 2.24 (95% CI, 1.08 to 4.74).      
Conclusion  The risk of COVID-19 occurrence and severe presentation, including mortality, may be higher in patients with lung cancer 
than in those without lung cancer.
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lung cancer.
Therefore, this study aimed to investigate whether lung 

cancer patients are more susceptible to COVID-19 than  
patients without lung cancer. Furthermore, we evaluated the 
effect of lung cancer on the development of severe COVID-19.

Materials and Methods
 
1. Study population 

The Korean government provided researchers with ano- 
nymized national patient data for the evaluation of COV-
ID-19 [14]. This large cohort provides Korea National Health 
Insurance records claimed between January 1, 2015, and 
May 30, 2020, and consists of the three sub-cohorts: (1) the 
COVID-19 cohort comprised of patients who had a con-
firmed diagnosis of COVID-19 after January 2020 (n=8,070), 
(2) the inspection control group that included patients whose 
COVID-19–related code (B342, B972, U071, and U072) has 
been requested after January 2020, however, excluded those 
who had confirmed COVID-19 (n=222,257), and (3) the 
matched cohort that included a 15-fold population matched 
with the COVID-19 cohort by age, sex, and residential area 
(n=121,050). Of the data provided, we used data from (1) the 
COVID-19 cohort and (3) the matched cohort (Fig. 1).

The data in this cohort were combined with the claims-
based data from the National Health Insurance Service 
(NHIS) between January 1, 2015, and May 30, 2020, and we 
extracted information on age, sex, and region of residence 
from the insurance eligibility data. Therefore, the datasets 
analyzed in this study include records on personal data, 
healthcare records of inpatients and outpatients from the 
past 5 years (including healthcare visits, prescriptions, diag-
noses, and procedures), pharmaceutical visits, COVID-19–
related outcomes, and death records. 

2. Definition
Laboratory confirmation of SARS-CoV-2 infection was  

defined as a positive result on a real-time reverse-tran-
scriptase polymerase chain reaction assay of nasal or phar-
yngeal swabs, in accordance with the WHO guidelines [15]. 
Lung cancer was defined as ≥ 2 claims under the Interna-
tional Classification of Diseases, 10th revision (ICD-10) code 
C34. We defined comorbidities as comorbidities with ≥ 2 
claims under ICD-10 codes as a major diagnosis during the 
study period (from January 1, 2015, to May 30, 2020), as fol-
lows: angina pectoris (I20), myocardial infarction (I21, I22, 
or I25.2), asthma (J45-J46), COPD (J42-J44 except for J43.0 
[unilateral emphysema]), cerebrovascular disease (G45-G46, 
I60-I69, or H34.0), diabetes mellitus (E10-E14), hypertension 
(I10-I15), heart failure (I43, I50, I09.9, I11.0, I25.5, I13.0, I13.2, 
I42.0, I42.5-I42.9, or P29.0), malignancy other than lung can-
cer (C00-C97, except for C34), and rheumatologic disease 
(M05, M06, M31.5, M32, M33, M34, M35.1, M35.3, or M36.0) 
[16].  Severe COVID-19 was defined as cases with the need 
for oxygen therapy, prompt care in the intensive care unit 
(ICU), and mechanical ventilation, or extracorporeal mem-
brane oxygenation (ECMO) treatment in addition to patients 
who died after a confirmed COVID-19 diagnosis [5,6,17].

3. Main outcomes and measures
The primary objective of this study was to evaluate wheth-

er patients with lung cancer are more vulerable to COVID-19 
compared to those without lung cancer. The secondary objec-
tive was to evaluate the effect of lung cancer on the develop-
ment of severe COVID-19.

4. Statistical analysis 
Categorical variables are presented as number (%) and 

compared using chi-square test or Fisher exact test, as  
appropriate. 

Fig. 1.  Flow chart of the study population. COVID-19, coronavirus disease 2019; NHIS, National Health Insurance Service.

January 1, 2015

Eligible data

Eligible data from NHIS

NHIS cohort Follow-up

January 1, 2020

1:15 matching

May 30, 2020 June 27, 2020

Eligible data from NHIS

COVID-19 cohort (n=8,070)
- Confirmed diagnosis of COVID-19 after January 2020

Matched cohort (n=121,050)
- Age-, sex-, and residential area-matched cohort
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To evaluate the effect of lung cancer on COVID-19 suscep-
tibility, the odds ratio (OR) for lung cancer in the COVID-19 
cohort relative to the age- and sex-matched cohort was eval-
uated using univariable and multivariable analyses. Model 1 
was adjusted for type of insurance. Model 2 was additionally 
adjusted for asthma and COPD. 

To evaluate the effect of lung cancer on the occurrence of 
severe COVID-19, we compared the odds for severe COV-
ID-19 in patients with lung cancer versus those in patients 
without lung cancer using the COVID-19 cohort. Model 
1 was adjusted for age and sex. Model 2 was additionally 
adjusted for asthma and COPD. All statistical analyses were 
performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC).

Results

1. Baseline characteristics
The COVID-19 and matched cohorts were well balanced in 

terms of age and sex. The proportion of patients who received 
medical aid was higher in the COVID-19 cohort than in the 
matched cohort (7.3% vs. 3.7%, p < 0.001). Regarding pulmo-
nary comorbidities, the rates of lung cancer (0.7% vs. 0.3%, 
p < 0.001), asthma (19.6% vs. 17.7%, p < 0.001), and COPD 
(9.4% vs. 7.4%, p < 0.001) were higher in the COVID-19 cohort 
than in the matched cohort. The rates of extra-pulmonary  
comorbidities were also significantly higher in the COVID-19 
cohort than in the matched cohort, except for malignancy 
other than lung cancer (Table 1).

Cancer Res Treat. 2021;53(3):678-684

Table 1.  Baseline characteristics

 Total (n=129,120) COVID-19 cohort (n=8,070) Matched cohort (n=121,050) p-value 

Age (yr)
    < 10 1,296 (1.0) 81 (1.0) 1,215 (1.0) 0.999
    10-19 4,416 (3.4) 276 (3.4) 4,140 (3.4) 
    20-29 32,912 (25.5) 2,057 (25.5) 30,855 (25.5) 
    30-39 13,312 (10.3) 832 (10.3) 12,480 (10.3) 
    40-49 16,576 (12.8) 1,036 (12.8) 15,540 (12.8) 
    50-59 25,072 (19.4) 1,567 (19.4) 23,505 (19.4) 
    60-69 19,184 (14.9) 1,199 (14.9) 17,985 (14.9) 
    70-79 9,872 (7.7) 617 (7.7) 9,255 (7.7) 
    ≥ 80 6,480 (5.0) 405 (5.0) 6,075 (5.0) 
Sex    
    Male 51,776 (40.1) 3,236 (40.1) 48,540 (40.1) 0.999
    Female 77,344 (59.9) 4,834 (59.9) 72,510 (59.9)  
Type of insurance    
    Self-employed health insurance 36,978 (28.6) 2,271 (28.1) 34,707 (28.7) < 0.001
    Employee health insurance 87,095 (67. 5) 5,212 (64.6) 81,883 (67.6) 
    Medical aid 5,047 (3.9) 587 (7.3) 4,460 (3.7) 
Pulmonary comorbidities    
    Lung cancer 362 (0.3) 37 (0.5) 325 (0.3) 0.002
    Asthma 22,972 (17.8) 1,583 (19.6) 21,389 (17.7) < 0.001
    COPD 9,696 (7.5) 761 (9.4) 8,935 (7.4) < 0.001
Extra-pulmonary comorbidities    
    Hypertension 28,895 (22.4) 1,934 (24.0) 26,961 (22.3) < 0.001
    Diabetes mellitus 21,895 (17.0) 1,632 (20.2) 20,263 (16.7) < 0.001
    Cerebrovascular diseases 9,482 (7.3) 687 (8.5) 8,795 (7.3) < 0.001
    Angina pectoris 6,046 (4.7) 424 (5.3) 5,622 (4.6) 0.012
    Myocardial infarction 954 (0.7) 101 (1.3) 853 (0.7) < 0.001
    Heart failure 3,985 (3.1) 357 (4.4) 3,628 (3.0) < 0.001
    Rheumatologic diseases 5,849 (4.5) 461 (5.7) 5,388 (4.5) < 0.001
    Malignancy other than lung cancer 6,930 (5.4) 426 (5.3) 6,504 (5.4) 0.716
Values are presented as number (%). COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.
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Table 2.  Adjusted odds ratios (95% confidence intervals) for lung cancer in the COVID-19 cohort and the matched cohort

 Matched cohort  COVID-19 cohort (n=8,070)

 (n=121,050)  Unadjusted Model 1 Model 2

Overall Reference 1.71 (1.20-2.37) 1.69 (1.18-2.35) 1.51 (1.05-2.10)
Age group (yr)    
    < 60  Reference 2.29 (1.06-4.39)  2.28 (1.05-4.36) 2.10 (0.97-4.03)
    ≥ 60 Reference 1.59 (1.05-2.30) 1.59 (1.05-2.31) 1.40 (0.93-2.05)
Sex    
    Male Reference 1.72 (1.04-2.70) 1.69 (1.02-2.66) 1.39 (0.83-2.19)
    Female Reference 1.70 (1.01-2.69) 1.69 (0.99-2.67) 1.57 (0.93-2.50)
Comorbidities    
    Without COPD Reference 1.91 (1.15-2.99) 1.94 (1.16-3.04) 1.91 (1.15-3.00)
    With COPD Reference 1.23 (0.73-1.96) 1.24 (0.73-1.96) 1.22 (0.72-1.94)
    Without asthma Reference 1.98 (1.25-2.99) 2.00 (1.26-3.02) 1.85 (1.16-2.80)
    With asthma Reference 1.30 (0.72-2.17) 1.28 (0.71-2.14) 1.15 (0.63-1.94)

Values are presented as risk ratios (95% CI). Model 1: adjusted for type of insurance; Model 2: adjusted for type of insurance, asthma, and 
COPD. CI, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.

Table 3.  Clinical characteristics of COVID-19 patients according to the presence or absence of lung cancer

 Total (n=8,070) With lung cancer (n=37) Without lung cancer (n=8,033) p-value 

Age (yr)
    < 10 81 (1.0) 0 ( 81 (1.0) < 0.001
    10-19 276 (3.4) 0 ( 276 (3.4) 
    20-29 2,057 (25.5) 0 ( 2,057 (25.6) 
    30-39 832 (10.3) 0 ( 832 (10.4) 
    40-49 1,036 (12.8) 4 (10.8) 1,032 (12.9) 
    50-59 1,567 (19.4) 5 (13.5) 1,562 (19.4) 
    60-69 1,199 (14.9) 10 (27.0) 1,189 (14.8) 
    70-79 617 (7.7) 8 (21.6) 609 (7.6) 
    ≥ 80 405 (5.0) 10 (27.0) 395 (4.9) 
Sex    
    Male 3,236 (40.1) 19 (51.4) 3,217 (40.1) 0.162
    Female 4,834 (59.9) 18 (48.7) 4,816 (60.0) 
Type of insurance    
    Self-employed health insurance 2,271 (28.1) 9 (24.3) 2,262 (28.2) 0.870
    Employee health insurance 5,212 (64.6) 25 (67.6) 5,187 (64.6) 
    Medical aid 587 (7.3) 3 (8.1) 584 (7.3) 
Pulmonary comorbidities    
    Asthma 1,583 (19.6) 14 (37.8) 1,569 (19.5) 0.005
    COPD 761 (9.4) 18 (48.7) 743 (9.3) < 0.001
Extra-pulmonary comorbidities    
    Hypertension 1,934 (24.0) 22 (59.5) 1,912 (23.8) < 0.001
    Diabetes mellitus 1,632 (20.2) 21 (56.8) 1,611 (20.1) < 0.001
    Cerebrovascular diseases 687 (8.5) 8 (21.6) 679 (8.5) 0.004
    Angina pectoris 424 (5.3) 5 (13.5) 419 (5.2) 0.024
    Myocardial infarction 101 (1.3) 2 (5.4) 99 (1.2) 0.023
    Heart failure 357 (4.4) 8 (21.6) 349 (4.3) < 0.001
    Rheumatologic diseases 461 (5.7) 3 (8.1) 458 (5.7) 0.529
    Malignancy other than lung cancer 426 (5.3) 13 (35.1) 413 (5.1) < 0.001
Values are presented as number (%). COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.



2. Risk of COVID-19 occurrence in patients with lung can-
cer

The proportion of patients with lung cancer was signifi-
cantly higher in the COVID-19 cohort than in the matched 
cohort (0.5% vs. 0.3%, p=0.002) (Table 1). As shown in  
Table 2, the odds for lung cancer in the COVID-19 cohort was 
1.71-fold higher than that in the matched cohort (unadjusted 
OR, 1.71; 95% CI, 1.20 to 2.37). The significant difference per-
sisted after further adjustment for potential confounding fac-
tors in model 1 (adjusted OR, 1.69; 95% CI, 1.18 to 2.35) and 
model 2 (adjusted OR, 1.51; 95% CI, 1.05 to 2.10). 

3. Clinical characteristics of COVID-19 patients according 
to the presence of lung cancer

Of the 8,070 COVID-19 patients, 37 (0.5%) had lung can-
cer. COVID-19 patients with lung cancer were characterized 
by significantly older age than those without lung cancer 
(p < 0.001). There were no significant differences in sex and 
type of insurance between COVID-19 patients with lung 
cancer and those without lung cancer. COVID-19 patients 
with lung cancer showed significantly higher comorbid 
conditions of asthma (37.8% vs. 19.5%, p=0.005) and COPD 
(48.7% vs. 9.3%, p < 0.001) than those without lung cancer. 
COVID-19 patients with lung cancer had more extra-pulmo-
nary comorbidities than those without lung cancer, such as 
hypertension, diabetes mellitus, cerebrovascular diseases, 
angina pectoris, myocardial infarction, heart failure, and  
malignancy other than lung cancer (Table 3).

4. Risk of severe COVID-19 in patients with lung cancer
COVID-19 patients with lung cancer showed more severe  

clinical course than those without lung cancer, requiring the 
following treatment options: oxygen therapy (cases receiving 
mechanical ventilation or ECMO and mortality cases were 
not included) (48.7% vs. 12.4%, p < 0.001), ICU admission 
(16.2% vs. 2.9%, p < 0.001), and mechanical ventilation (cas-
es receiving ECMO and mortality cases were not included) 
(10.8% vs. 1.9%, p < 0.001). COVID-19 patients with lung 
cancer also demonstrated significantly higher mortality than 
those without lung cancer (18.9% vs. 2.8%, p < 0.001) (Table 
4).

Table 5 shows the effect of lung cancer on severe COVID-19 
among patients in the COVID-19 cohort. In univariable anal-
ysis, patients with lung cancer were 7.75 times more likely 
to have severe COVID-19 (unadjusted OR, 7.75; 95% CI, 4.05 
to 15.01) than those without lung cancer. The significant dif-
ference persisted after further adjustment for potential con-
founding factors in model 1 (adjusted OR, 2.69; 95% CI, 1.31 
to 5.61) and model 2 (adjusted OR, 2.24; 95% CI, 1.08 to 4.74).

Discussion

In this nested case-control study using a nationwide COV-
ID-19 cohort and an age, sex, and region-matched cohort, 
the odds for lung cancer in the COVID-19 cohort were 1.5-
fold higher compared to those in the matched cohort, even 

Cancer Res Treat. 2021;53(3):678-684

Table 4.  Comparison of most severe clinical course of COVID-19 disease according to the presence or absence of lung cancer

 Total (n=8,070) With lung cancer (n=37) Without lung cancer (n=8,033) p-value 

Oxygen therapy 1,015 (12.6) 18 (48.7) 997 (12.4) < 0.001
ICU admission 242 (3.0) 6 (16.2) 236 (2.9) < 0.001
Mechanical ventilation 156 (1.9) 4 (10.8) 152 (1.9) < 0.001
ECMO 25 (0.3) 0 ( 25 (0.3) 0.734
Mortality 235 (2.9) 7 (18.9) 228 (2.8) < 0.001
Overall 1,079 (13.4) 20 (54.1) 1,059 (13.2) < 0.001
Values are presented as number (%). Patients receiving oxygen therapy did not include cases receiving mechanical ventilation treatment or 
ECMO and mortality cases; those receiving mechanical ventilation treatment did not include cases receiving ECMO and mortality cases; 
those receiving ECMO did not include mortality cases. COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygena-
tion; ICU, intensive care unit.

Table 5.  Odds ratios (95% confidence intervals) of lung cancer for severe COVID-19 disease

 Crude model Model 1 Model 2

Without lung cancer Reference Reference Reference
Lung cancer 7.75 (4.05-15.01) 2.69 (1.31-5.61) 2.24 (1.08-4.74)
Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, asthma, and chronic obstructive pulmonary disease. COVID-19, corona-
virus disease 2019.
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after adjustment for potential confounding factors including 
socioeconomic status and comorbid pulmonary diseases. In 
addition, this study revealed that COVID-19 patients with 
lung cancer had more severe clinical course, including higher 
mortality, than COVID-19 patients without lung cancer. 

Although the effect of pulmonary comorbidities such as 
asthma and COPD on the susceptibility of COVID-19 was 
relatively well evaluated [8,18], there was very limited infor-
mation on whether patients with lung cancer have a higher 
risk of COVID-19 than those without lung cancer. Yu et al. 
[7] suggested that the risk of COVID-19 in patients with can-
cer, especially those with lung cancer, is higher than that in 
the general population by comparing the rate of COVID-19 
among cancer patients with that in the general population. 
However, this was a single-center study, which may limit 
the study findings. In line with our results, Liang et al. [6] 
showed that patients with cancer—especially lung cancer—
are at a higher risk of COVID-19 than the general popula-
tion using a nationwide analysis in China. However, this 
study did not consider important biases (e.g., age, sex, and 
socioeconomic status) when they compared the incidence of 
COVID-19 between the cancer patient cohort and the general 
population. Additionally, both these aforementioned studies 
evaluated all type of cancers. The strength of our study lies in 
the fact that we evaluated only patients with lung cancer and 
controlled for important biases using the nationwide COV-
ID-19 cohort and the matched cohort. We also controlled for 
socioeconomic status comorbidities using adjustment and 
stratification.  

In this study, patients with lung cancer were found to be 
not only more susceptible to COVID-19 but also likely to 
experience more severe disease and have higher mortality 
than those without lung cancer. In line with our finding,  
recent studies reported that COVID-19 imposes a high burden 
of severity on and increased mortality in patients with lung 
cancer [4,5,12,13]. However, these studies did not compare 
the severity of COVID-19 and mortality between patients 
with lung cancer and those without lung cancer or the gener-
al population. As a simple comparison without considering 
bias can exaggerate the results, controlling biases is important 
to estimate the real effect of lung cancer on the progression 
of severe COVID-19. We showed that a very high unadjusted 
OR sharply reduced after adjusting for important biases.  
After controlling for these variables, the risk of severe COV-
ID-19 was about 2-fold higher in patients with lung cancer 
than in those without lung cancer. 

There are also limitations to this study. First, since the  
national insurance claims data were used, information on 
functional status was not available in this study. In addition 
to limited clinical information that may affect the survival of 
patients with lung cancer, this study was conducted in a sin-

gle country, which may limit its generalizability. Second, the 
number of lung cancer patients was relatively small, which 
may be associated with a relatively large range of CIs and 
insignificant results in subgroup analysis. Third, our dataset 
lacked specific information on lung cancer, such as patho-
logic types, current cancer stage, and prior treatments for 
lung cancer because the NHIS database did not provide this 
information. Fourth, all COVID-19 patients were admitted 
and isolated in hospitals in Korea, and we could not compare 
the rate of hospitalization between lung cancer patients and 
those without lung cancer. Thus, we did not include hospital 
admission as an index of disease severity. Fifth, this study 
could not provide the specific causes of death in COVID-19 
patients with lung cancer, since the information was not 
available in the NHIS COVID-19 database.

This is the first study to assess the effect of lung cancer on 
patient’s susceptibility to COVID-19 and severe presentation, 
including mortality. Patients with lung cancer may be more 
vulnerable to COVID-19. In addition, COVID-19 patients 
with lung cancer may show more severe clinical course than 
those without lung cancer. Hence, pulmonologists and tho-
racic oncologists should pay more attention to patients with 
lung cancer during this COVID-19 pandemic era.
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Introduction

Radiotherapy (RT) is one of the main strategies of cancer 
treatment, along with chemotherapy and surgery. The main 
goal of RT is to eradicate cancer cells. Although high dose of 
radiation can kill large number of cancer cells, they can also 
cause severe side effects in normal tissues. Thus, in clinical 
practice, the prescription dose of RT is often limited by the 
tolerance dose of surrounding normal tissues. To compensate 
for the reduced RT effect due to an insufficient dose, com-
bined therapy is usually conducted. One such method for 
cancer therapy is the combination of RT and chemotherapy. 
However, chemotherapeutic agents not only enhance the  
radiosensitization of cancer cells but also cause severe sys-
temic side effects that are different from those of RT [1,2]. To 
achieve maximal tumor control with minimal side effects, 
the combined treatment including RT and several pharma-
ceutical agents has been investigated, but further research on 
novel agents is needed [3]. 

Alpha-lipoic acid (ALA) is an organosulfur compound  
derived from octanoic acid, a potent antioxidant that is natu-
rally obtained from humans as well as plants and animals. 
The effectiveness of ALA in various diseases such as Alzhei-
mer’s disease, cognitive dysfunction, hypertension, diabetes 
mellitus, and cancer has been demonstrated in several clinical 
trials [4]. In cancer research, ALA is known to reduce tumor 
cell viability and proliferation [5]. In addition, several stud-
ies have reported that these effects of ALA on cancer are syn-
ergistic when combined with chemotherapy [6,7]. Tripathy 
et al. [8] have recently reported that ALA also enhances the 
anti-tumor effect of RT on breast cancer cells. Moreover, ALA 
exerts the opposite effect on normal tissues. The molecule has 
been proven to reduce the normal tissue damage by decreas-
ing the levels of radiation-induced reactive oxygen species 
(ROS); therefore, acting as a radioprotector [9,10]. Howev-
er, the mechanism of the combined ALA and RT treatment  
remains unclear. 

Despite RT being the main strategy for treating cancer, 

Original Article

Cancer Res Treat. 2021;53(3):685-694https://doi.org/10.4143/crt.2020.1015

pISSN 1598-2998, eISSN 2005-9256

Purpose  Radiotherapy (RT) is one of main strategies of cancer treatment. However, some cancer cells are resistant to radiation-
induced cell death, including apoptosis. Therefore, alternative approaches targeting different anti-tumor mechanisms such as cell 
senescence are required. This study aimed to investigate the synergistic effect of alpha-lipoic acid (ALA) on radiation-induced cell 
death and senescence in MDA-MB-231 human breast cancer cells.     
Materials and Methods  The cells were divided into four groups depending on the cell treatment (control, ALA, RT, and ALA+RT). Cells 
were analyzed for morphology, apoptotic cell death, mitochondrial reactive oxygen species, membrane potential, cellular senescence, 
and cell cycle.       
Results  Our data showed that ALA significantly promoted apoptotic cell death when combined with RT, as reflected by Annexin V 
staining, expression of apoptosis-related factors, mitochondrial damages as well as cell morphological changes and reduction of 
cell numbers. In addition, ALA significantly enhanced radiation-induced cellular senescence, which was shown by increased HMGB1  
expression in the cytosol fraction compared to the control, increased p53 expression compared to the control, activation of p38 as 
well as nuclear factor кB, and G2/M cell cycle arrest.     
Conclusion  The current study is the first report showing a new mode of action (senescence induction) of ALA beyond apoptotic cell 
death in MDA-MB-231 cancer cells known to be resistant to RT.
Key words  Breast neoplasms, Radiotherapy, Alpha-lipoic acid, Senescence

Hoon Sik Choi1,2, Jin Hyun Kim2,3, Si Jung Jang3, Jeong Won Yun3, Ki Mun Kang1,2, Hojin Jeong2,4, In Bong Ha2,4, Bae Kwon Jeong2,4

1Department of Radiation Oncology, Gyeongsang National University Changwon Hospital, Gyeongsang National University College of Medicine, 
Changwon, 2Institute of Health Science, Gyeongsang National University, Jinju, 3Biomedical Research Institute, Gyeongsang National University 
Hospital, Jinju, 4Department of Radiation Oncology, Gyeongsang National University Hospital, Gyeongsang National University College of Medicine, 
Jinju, Korea

Synergistic Tumoricidal Effects of Alpha-Lipoic Acid and Radiotherapy on 
Human Breast Cancer Cells via HMGB1

Correspondence: Bae Kwon Jeong
Department of Radiation Oncology, Gyeongsang National University Hospital, Gyeongsang National University College of Medicine, 79 Gangnam-ro, Jinju 52727, Korea
Tel: 82-55-750-9217  Fax: 82-55-750-9095  E-mail: blue129j@hanmail.net
Received  October 7, 2020  Accepted  December 13, 2020  Published Online  December 15, 2020
*Hoon Sik Choi and Jin Hyun Kim contributed equally to this work.



some cancer cells are resistant to radiation-induced cell 
death, including apoptosis [11]. Therefore, an alternative 
target to apoptosis is required for the treatment of tumors. 
Radiation-induced senescence consists of an alternative anti- 
tumor mechanism in apoptosis-resistant cancer cells [12]. 
This study aimed to observe the synergistic effect of ALA and 
RT in terms of cell senescence as well as radiation-induced 
apoptosis in MDA-MB-231 human breast cancer cells, which 
are known to be radioresistant. 

Materials and Methods
 
1. Cell culture and treatment

Human metastatic breast cancer cells (MDA-MB-231,  
Korean Cell Line Bank, Seoul, Korea) were cultured in RPMI-
1640 medium with 10% fetal bovine serum and subcultured 
using 0.05% trypsin-EDTA solution (Gibco BRL, Gaithers-
burg, MD). The cells were divided into four groups depend-
ing on the treatment (control, ALA, RT, and ALA+RT). The 
ALA+RT cells were incubated with 2 mM ALA for 2, 4, 8, and 
24 hours and then irradiated with 10 Gy at room temperature 
using 6 MV photon beam from a linear accelerator (21EX, 
Varian, Palo Alto, CA). Treated cells were incubated for 24, 
48, and 72 hours and then tested for morphology, apoptotic 
cell death, mitochondrial ROS, and mitochondrial mem-
brane potential. The experimental schemes are presented in 
S1 and S2 Figs.  

2. Morphological evaluation and viability assay
Cells (5×105 cells/dish) were seeded into 60-mm dishes 

overnight and treated with ALA and/or RT and then ana-
lyzed by phase-contrast microscopy for signs of cell death. 
Signs of cell death were defined as cell shrinkage, rounded 
cell appearance, and poor cell adhesion. The trypan blue  
exclusion assay was used to determine cell viability. Viability 
was represented as a fold change calculated as the ratio of 
the final test value in each sample to the test value in the 
control (predefined as “1”). Values were represented as the 
mean±standard error of the mean (SEM).

 
3. Flow cytometry for apoptosis detection

Cells were detached, washed twice with phosphate buff-
ered saline (PBS; pH 7.4), centrifuged for 5 minutes at 400 
×g, and resuspended in binding buffer. The cells were then 
stained using an Annexin V-FITC Apoptosis Detection kit 
(BD Biosciences, Franklin Lakes, NJ), which was followed by 
propidium iodide (PI) staining (BD Biosciences). The stained 
cells were analyzed by flow cytometry (BD LSRFortessa 
X-20, BD Biosciences).

4. Western blot analysis
Proteins extracts were lysed in RIPA buffer (#89900, 

Thermo Scientific, Waltham, MA) and separated by sodium  
dodecyl sulfate polyacrylamide gel electrophoresis and elec-
trophoretically transferred to a nitrocellulose membrane. The 
membranes were blocked with 5% nonfat dry milk in PBS-
Tween 20 (0.1%, v/v) at 4°C overnight and were incubated 
with primary antibodies, anti–poly(ADP-ribose) polymerase 
(PARP; Biomol Research Laboratory, Plymouth Meeting, 
PA), anti-Bax, anti–Bcl-2 (Santa Cruz Biotechnology, Santa 
Cruz, CA), anti–caspase-9 (Enzo, Biochem, New York, NY), 
anti-p53, anti–high mobility group box protein 1 (HMGB1), 
and anti-phospho-mammalian target of rapamycin (Cell 
Signaling Technology, Danvers, MA) for 1 hour. Horseradish 
peroxidase–conjugated anti-rabbit or anti-mouse IgG was 
used as the secondary antibody. Immunoreactive protein 
was visualized by the chemiluminescence protocol (Amer-
sham Pharmacia Biotech, Piscataway, NJ).

5. Quantitative real-time PCR
The transcript levels of the cell senescence-related factors 

were determined by quantitative real-time polymerase chain 
reaction (qPCR). Cells were resuspended in 1 mL of TRI-
zol Reagent (Invitrogen Life Technologies, Carlsbad, CA), 
and total RNA was extracted. Purified RNA was reverse 
transcribed into cDNA using an iScript cDNA synthesis kit 
(Bio-Rad Laboratories, Hercules, CA). Quantitative cDNA 
amplification was performed using a ViiA7 Real-Time Sys-
tem (Applied Biosystems Inc., Foster City, CA) and Power 
SYBR Green PCR Master Mix (Applied Biosystems). Thermal  
cycling conditions were as follows: denaturation at 95°C for 3 
minutes, followed by 40 cycles of denaturation at 95°C for 15 
seconds, and annealing and extension at 60°C for 60 seconds. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as an internal control for the normalization of the RNA 
quantity. The relative gene expression level in each sam-
ple were quantified using the 2DDCt method. Each primer  
sequence is as follows.
Interleukin (IL)-6: CCTCAGACATCTCCAGTCCT, AATGA-
CGACCTAAGCTGCAC; 
IL-8: AGGGTTGCCAGATGCAATAC, CCTTGGCCTCAAT-
TTTGCTA;
Cxcl1: AGTGACAAATCCAACTGACC, GATGCTCAAAC-
ACATTAGGC. 

6. Mitochondrial membrane potential measurement
Mitochondrial membrane potential was measured by 

staining cells with tetramethylrhodamine methyl ester 
(TMRM) (Molecular Probes, Eugene, OR). Cells were treated 
as described in “Cell culture and treatment,” and then incu-
bated with 20 nM TMRM for 20 minutes at 37°C. Images 
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were taken using a Nikon microscope (Nikon, Tokyo, Japan) 
and the obtained data were analyzed using NIS Elements BR 
3.2 (Nikon). 

7. Mitochondrial ROS measurement
MitoSOX (Molecular Probes) was used to detect mitochon-

drial ROS levels in MDA-MB-231 cells. Cells were treated as 
described in “Cell culture and treatment,” and then incubat-
ed with 5 mM MitoSOX for 20 minutes and the obtained data 
were analyzed by NIS Elements BR 3.2 (Nikon).

8. Cell cycle analysis
MDA-MB-231 cells were cultured and treated with vehicle, 

ALA, RT, or both ALA and RT. After 72 hours of treatment, 
cells were harvested, washed, and permeabilized using 70% 
ethanol at –80°C overnight. Cells were trypsinized and fixed 
in ice-cold 70% ethanol overnight at 4°C. Cells were washed, 
stained with PI overnight, and subjected to fluorescence- 
activated cell sorting by flow cytometry (BD LSRFortessa 
X-20, BD Biosciences).

9. Statistical analysis
The obtained data were expressed as mean±SEM. Statisti-

cal analyses were conducted using the GraphPad Prism 8.0 
software (GraphPad Software Inc., La Jolla, CA). The statisti-
cal tests of choice were one-way ANOVA with Tukey’s mul-
tiple comparison test (for comparison of all groups) with p < 
0.05 indicating statistical significance. 

 

Results

1. Effects of ALA on RT-induced changes in cell morphol-
ogy and proliferation 

The representative cell morphologies after each treatment 
are shown in Fig. 1A. Untreated cells (control) were regularly 
spread and reached confluence. In other groups (ALA, RT, 
and ALA+RT), cell number reduction, cell shrinkage accom-
panied by rounded cell appearance, and poor cell adhesion 
were observed. However, these changes were more promi-
nent in the ALA+RT group than in the RT and ALA groups. 
The total numbers of cells were counted (Fig. 1B). Both the 
RT and ALA+RT groups showed much lower cell numbers 
after the treatment than the untreated and ALA-treated cells. 

2. ALA enhances RT-induced apoptotic cell death 
Fig. 2A shows the proportion of viable cells, early apo-

ptotic cells, late apoptotic cells, and necrotic cells in each 
group. The proportion of early apoptotic cells in the control, 
ALA, RT, and ALA+RT groups was 0.8%, 1.7%, 3.8%, and 
9.4%, respectively, and the proportion of late apoptotic cells 
was 0.7%, 1.3%, 4.6%, and 6.7%, respectively. The proportion 
of total apoptotic cells was 1.5%, 3.0%, 8.4%, and 16.1% for 
each group, respectively, which shows a significantly higher 
value in the ALA+RT group than in each other group. To  
additionally evaluate the effect of ALA on apoptotic cell 
death, apoptosis-related factors were investigated by immu-
noblotting. The ALA+RT group was characterized by a sig-
nificantly downregulated expression of Bcl-2 (anti-apoptotic 
factor) and a significantly upregulated expression of Bax, 
caspase-9, and PARP (pro-apoptotic factors) compared with 

Fig. 1.  Synergistic cytotoxicity by combined treatment with radiation and ALA in MDA-MB-231 cells. (A) Cells were untreated (control), 
treated with 2 mM alpha-lipoic acid  (ALA), 10 Gy radiation (RT), or a combination of 2 mM ALA and 10 Gy radiation (ALA+RT) for 72 
hours, and then cell morphology was evaluated with a phase-contrast microscopy. Scale bars=100 μm. (B) Cell numbers were counted by 
the trypan blue exclusion assay. Error bars represent±standard error of the mean from three separate experiments (*p < 0.05). 

BA

Vi
ab

ili
ty

 (f
ol

d 
ch

an
ge

)

0

1.00

0.75

0.50

0.25

Control RTALA ALA+RT

Control

100 µm

ALA

100 µm

RT

100 µm

ALA+RT

100 µm



Fig. 2.  Effect of ALA on radiation-induced apoptosis in MDA-MB-231 cells. (A) Annexin V/PI flow cytometry analysis was performed for 
the detection of apoptotic cell death. The viable cells, early and late apoptotic cells are represented by the lower left, lower right, and upper 
right quadrant, respectively. (B) Each protein (Bax, Bcl-2, caspase-9, and PARP) was detected by immunoblotting. The blots were reprobed 
for β-actin to confirm equal protein loading. (C) Densitometric quantification was applied for each band. Data were normalized against the 
density of β-actin. The shown blots represent 3 separate experiments (*p < 0.05). ALA, alpha-lipoic acid; PARP, poly(ADP-ribose) polymer-
ase; PI, propidium iodide; RT, radiotherapy.

C

Bc
l-2

 (f
ol

d 
ch

an
ge

)

0

1.5

1.0

0.5

Control RTALA ALA+RT

Ba
x 

(fo
ld

 c
ha

ng
e)

0

2.0

1.5

1.0

0.5

Control RTALA ALA+RT

PA
RP

 (f
ol

d 
ch

an
ge

)

0

8

6

4

2

Control RTALA ALA+RT

Ca
sp

as
e-

9 
(fo

ld
 c

ha
ng

e)

0

3

2

1

Control RTALA ALA+RT

Bax

Bcl-2

Caspase-9

PARP

β-Actin

Contro
l

ALA RT ALA
+RT

B

100

101

102

103

100 102 103101

B2
0.7%

B1
0.3%

B4
0.8%

B3
98.2%

Annexin 5

PI

A
Control

100

101

102

103

100 102 103101

B2
1.3%

B1
0.3%

B4
1.7%

B3
96.8%

ALA

100

101

102

103

100 102 103101

B2
4.6%

B1
0.6%

B4
3.8%

B3
91.1%

RT

100

101

102

103

100 102 103101

B2
6.7%

B1
0.8%

B4
9.4%

B3
83.0%

ALA+RT

Cancer Res Treat. 2021;53(3):685-694

688     CANCER  RESEARCH  AND  TREATMENT



Hoon Sik Choi, Synergistic Effect of ALA and RT

VOLUME 53 NUMBER 3 JULY 2021     689

other groups (Fig. 2B and C). However, no cleavage of cas-
pase-3 was detected in any of the groups (data not shown). 

3. ALA accelerates mitochondrial damage by irradiation
To verify whether ALA is involved in mitochondria-medi-

ated cell death, mitochondrial damage was examined. One of 
the parameters used to assess the damage was mitochondrial 
oxidative stress. After each treatment, MDA-MB-231 cells 
were incubated with the fluorescent probe MitoSOX detect-
ing mitochondria-specific ROS. The density of the positive 
signals per cell and cell number were significantly increased 
in the RT group compared to the control as well as the ALA 
group, and in the ALA+RT group compared with the RT 
group (Fig. 3A). We also investigated changes in the mito-
chondrial membrane potential using TMRM dye. The inten-
sity of TMRM-stained cells was significantly decreased in the 
RT group compared to the control and ALA, and the lowest 

intensity was observed for the ALA+RT group (Fig. 3B). 

4. ALA enhances RT-induced cellular senescence by HMG-
B1

RT is known to induce cellular senescence in tumors [13]. 
There is also evidence that HMGB1 is indispensable for senes-
cence induction and p53, p38, and nuclear factor κB (NF-κB) 
activation is associated with radiation-induced senescence 
[14-16]. As shown in Fig. 4A, cytosolic expression of HMGB1 
was increased in the ALA and ALA+RT groups, whereas  
nuclear expression levels of HMGB1 were decreased in these 
groups compared to the control. Moreover, expression lev-
els of p53 and activation of p38 mitogen-activated protein 
kinase (MAPK) and NF-κB were significantly increased in 
the ALA+RT group compared to the control. The expres-
sion levels of IL-6, IL-8, and Cxcl1 (the senescence-associated  
cytokine and chemokines [17]) were measured by qPCR to 

Fig. 3.  Effects of ALA on radiation-induced mitochondrial damage in MDA-MB-231 cells. (A, B) The mitochondria-associated reactive 
oxygen species levels were measured by staining the cells with MitoSOX followed by the flow cytometry analysis. Representative images 
show colocalization of MitoSOX (red) and mitochondria (green). Mitochondrial oxidative stress was detected by dual-positive staining. 
Scale bars=100 μm. (C, D) Cells were stained with TMRM (a potentiometric dye for measuring mitochondrial membrane potential) and 
Hoechst 33342 before imaging. Fluorescence-activated cell sorting by flow cytometry analyzed green-positive cells (mitochondria marker, 
Mitotracker) with quantification of TMRM signal intensity (red). Data from 3 independent experiments were analyzed (*p < 0.05). ALA, 
alpha-lipoic acid; RT, radiotherapy; TMRM, tetramethylrhodamine methyl ester. 
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additionally examine the effect of ALA on cellular senes-
cence in irradiated cells. Increased levels of the correspond-
ing mRNAs were observed in the ALA+RT group compared 
to all groups (Fig. 4C). 

5. ALA enhances RT-induced cell cycle arrest and expres-
sion of cell cycle regulators

Senescence is also defined as permanent cell cycle arrest 
and inhibits the proliferation of cancer cells [15,18]. The cell 
cycle was analyzed in all experimental groups and ALA pre-
treatment showed increased G2/M arrest compared to RT 
alone (Fig. 5A). In addition, the expression of p21, a cyclin-
dependent kinase (Cdk) inhibitor that induces senescence 
through cell cycle arrest, was significantly increased in the 
ALA+RT group compared to the other groups (Fig. 5B). The 
expression of phosphor-Cdk1/2 (upstream factor for p21) 
was corresponding to the p21 expression pattern.

Discussion

Despite apoptosis being the major cause of RT-induced 
cell death, some solid tumors exhibit resistance to radiation- 
induced apoptosis [19,20]. Hence, strategies for triggering 
the alternative cancer cell death mechanisms might contrib-
ute to improved prognosis in cancer patients. Senescence is 
known to be a tumor-suppressive mechanism that inhibits 
cancer cell proliferation [15,18]. Ionizing radiation can trig-
ger irreversible cellular senescence by causing DNA damage, 
oxidative stress, and telomere dysfunction [21]. 

In the current study, we evaluated the synergistic effect of 
ALA and RT on cell death and cellular senescence in MDA-
MB-231 human breast cancer cells, which are known to be 
resistant to RT. Our data showed that ALA significantly pro-
motes apoptotic cancer cell death when combined with RT, 
as reflected by Annexin V staining, expression of apoptosis-
related factors, mitochondrial damage, changes in cell mor-
phology, and reduction of cell numbers. In addition, ALA sig-
nificantly enhances RT-induced cellular senescence through 
increased HMGB1 expression in the cytosolic fraction. To the 
best of our knowledge, this is the first report that shows the 
involvement of ALA in the HMGB1-mediated radiosensitiz-
ing effect in cancer cells. 

HMGB1 is a histone-like protein that functions as a chro-
matin-binding factor in the nucleus. On the other hand, in 
the cytosol, it acts as an extracellular signaling molecule and 
damage-associated molecular pattern molecule. Moreover, 
HMGB1 mediates cell damage due to oxidative stress caused 
by various environmental factors, including RT. It inter-
acts with p53 and enhances its activity [22,23]. In addition, 
Davalos et al. [16] reported that reduced or elevated HMGB1  
expression causes cell senescence and stimulates p53 expres-
sion in radiation-induced senescent cells, and loss of nuclear 
HMGB1, as well as cytosolic HMGB1 secretion, requires p53 
activity. Moreover, p53-deficient cells did not secrete or lose 
nuclear HMGB1 in response to senescence-inducing stim-

Fig. 4.  (Continued from the previous page) (C) RNA was extracted 
from cell lysates and target mRNA levels were examined by 
quantitative PCR. Final expression values were calculated using 
the 2DDCt method. GAPDH was used as an internal control for 
the normalization of the quantity of RNA. Data are expressed as 
mean±standard error of the mean (*p < 0.05). ALA, alpha-lipoic 
acid; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; 
HMGB1, high mobility group box protein 1; IL, interleukin; 
NF-κB, nuclear factor κB; PCR, polymerase chain reaction; RT, 
radiotherapy. 
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uli. HMGB1-overexpressing senescent cells secreted both 
HMGB1 and IL-6, whereas HMGB1-depleted senescent cells 
secreted reduced levels of IL-6 [16]. Our results (Fig. 4) for the 
ALA+RT group showed increased cytosolic and decreased 
nuclear HMGB1 expression as well as increased expression 
of p53, IL-6, and IL-8. These findings are well correlated 
with previous studies [16,22,23]. In addition, IL-6 levels and 
NF-κB activity are known to be correlated in the senescent 
cells, and NF-κb activity was elevated in cells overexpressing 
HMGB1 [14,16].

Cell senescence is regulated by various factors such as 
DNA damage, stress, and cell type. It plays an anti-tumor role 
by forcing cancerous cells into a permanent cell cycle arrest 
[16,24]. This growth arrest by senescence is established and 
maintained by the p53 and pRb pathways. The p53-p21waf1/cip1  
(p21) pathway and p16INK4a are important for the onset of 
senescence and the maintenance of senescence, respectively 
[14]. Cdk inhibitors p21 and p16INK4a cause dephospho-
rylation of Rb and thereby block cell cycle progression [18]. 
Chk2 promotes senescence by acting downstream of ATM 
and thereby inducing p21 [19,20]. Senescent cells increase the 

expression and secretion of various cytokines, chemokines, 
matrix metallopeptidases, and other proteins. p38 MAPK is 
activated during the radiation-induced senescence and plays 
a role in promoting the senescence-associated secretory phe-
notype (SASP) by increasing NF-κB activity, which includes 
secretion of IL-6, IL-8, and granulocyte-macrophage colony-
stimulating factor. Thus, our data (Figs. 4 and 5) shows that 
the synergistic effects of ALA on radiation-induced growth 
arrest may be sequentially due to (1) p38 activation, (2) NF-
κB activation, (3) increased SASP expression, and finally, and 
(4) enhanced cellular senescence.

Mitochondria are known to cause cell damage by radiation-
induced oxidative stress [25,26]. MitoSOX is a valid method 
for the detection of mitochondrial superoxide formation, 
which accurately represents the level of oxidative stress [27]. 
Oxidative stress and associated ROS can induce mitochon-
drial permeability transition and provide a signal leading 
to apoptosis [28]. In this study, MitoSOX and TMRM assays 
showed that RT combined with ALA increases mitochondri-
al oxidative stress and decreases mitochondrial membrane  
potential. This result indicates that oxidative stress, the main 

Fig. 5.  Effect of ALA on radiation-induced cell cycle arrest in MDA-MB-231 cells. (A) Cells were pretreated or not with ALA for 72 hours, 
which was followed by radiation treatment. Cells were subsequently fixed and stained with propidium iodide and subjected to fluores-
cence-activated cell sorting by flow cytometry. (B) Immunoblot analysis was performed with specific antibodies against p21 and pCdk1/2. 
β-Actin was used as a loading control and levels of each protein were analyzed by densitometry. Blots are representative of each experi-
mental group. Data are expressed as mean±standard error of the mean (*p < 0.05). ALA, alpha-lipoic acid; RT, radiotherapy.
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mediator of RT-induced cell damage, is further promoted by 
the synergistic effect of ALA.

ALA is a powerful antioxidant essential for aerobic meta-
bolism. Although the body can synthesize ALA, the mole-
cule can also be absorbed from nutritional supplements. It 
has been reported that ALA alone exhibits anti-cancer effects. 
It has been reported that ALA reduced cell viability/prolif-
eration as well as lactate production, and increased apop-
tosis in neuroblastoma and breast cancer cell lines [5]. The 
molecule has also been proven to suppress STAT3-mediated 
MUC4 expression in a gastric cancer cell line [29]. Moreover, 
ALA had much stronger anti-cancer effects when it was com-
bined with chemotherapeutic agents or RT. In colorectal can-
cer cells, ALA enhanced the cytotoxic effect of 5-fluorouracil 
[6]. Pretreatment with ALA prevented RT-induced epitheli-
al-mesenchymal transition by inhibiting radiation-induced 
transforming growth factor β signaling and nuclear translo-
cation of NF-κB in MCF-7 and MDA-MB-231 cells [8]. The 
evidence suggests that ALA not only is cytotoxic to cancer 
cells but also acts as a cancer radiation sensitizer while pro-
tecting normal tissues. However, the mechanism by which 
ALA sensitizes cancer cells to RT remains largely unexplored. 
The current study is the first report showing a new mode of  
action (senescence induction) of ALA beyond apoptotic cell 
death in RT-resistant breast cancer cells.

Our colleagues have demonstrated in previous studies that 
ALA acts as a potential radioprotector in various normal tis-
sues during RT [9,10]. And, in this study, ALA showed syn-
ergistic effect as a radiosensitizer through cellular senescence 

in radioresistant breast cancer cells. From previous studies 
and this study, ALA appears to have an ideal dual effect, but 
additional experiments using other cancer cell lines or ani-
mal models are required, and well-designed clinical trials are 
also needed in the future for clinical use. We carefully suggest 
that ALA might be a potential novel pharmaceutical agent in 
cancer treatment and might contribute to a novel RT protocol 
for human cancer cells that are resistant to irradiation.
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Introduction

CDK4/6 inhibitors in combination with endocrine thera-
py have become the standard of treatment for patients with 
hormone receptor–positive/human epidermal growth factor 
receptor 2–negative (HR+/HER2–) metastatic breast can-
cer (MBC) [1-3]. Palbociclib, a first-in-class CDK4/6 inhibi-
tor, demonstrated anticancer activity in preclinical tests and 
has been approved for the treatment of patients with HR+/
HER2– MBC in combination with endocrine therapy [4,5]. 
The YoungPEARL (KCSG-BR15-10, NCT02592746) trial dem-
onstrated the efficacy and safety of palbociclib plus exemes-

tane with gonadotropin-releasing hormone (GnRH) agonist 
in premenopausal patients with HR+/HER2– MBC, who 
have been pretreated with tamoxifen [6]. Progression-free 
survival (PFS) was significantly longer for patients in the 
palbociclib arm compared to those in the capecitabine arm  
(median PFS, 20.1 months vs. 14.4 months; hazard ratio [HR], 
0.66; 95% confidence interval [CI], 0.44 to 0.99; p=0.024).

Despite the current clinical guidelines which recommend 
endocrine therapy as the standard treatment of choice for  
patients with HR+/HER2– MBC, the treatment patterns 
have differed in South Korea: for premenopausal women, the 
availability of endocrine therapies apart from tamoxifen and 
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Purpose  YoungPEARL (KCSG-BR15-10) trial demonstrated a significant progression-free survival (PFS) benefit for premenopausal 
patients with hormone receptor–positive/human epidermal growth factor receptor 2–negative (HR+/HER2–) metastatic breast can-
cer (MBC) for palbociclib plus exemestane with ovarian function suppression compared to capecitabine. However, the number of 
tamoxifen-sensitive premenopausal patients was small because most recurrences occurred early during adjuvant endocrine therapy 
(ET), with tamoxifen being the only drug used; hence, the data for these patients were limited. Here we present a subgroup analysis 
according to tamoxifen sensitivity from the YoungPEARL study.    
Materials and Methods  Patients were randomized 1:1 to receive palbociclib+ET (oral exemestane 25 mg/day for 28 days, palboci-
clib 125 mg/day for 21 days, plus leuprolide 3.75 mg subcutaneously every 4 weeks) or chemotherapy (oral capecitabine 1,250 mg/
m2 twice daily for 14 days every 3 weeks). Tamoxifen resistance was defined as: relapse while on adjuvant tamoxifen, relapse within 
12 months of completing adjuvant tamoxifen, or progression while on first-line tamoxifen within 6 months for MBC.
Results  In total, 184 patients were randomized and 178 were included in the modified intention-to-treat population. PFS improve-
ment in the palbociclib+ET group was observed in tamoxifen-sensitive patients (hazard ratio, 0.38; 95% confidence interval, 0.12 to 
1.19). Furthermore, palbociclib+ET prolonged median PFS compared with capecitabine in tamoxifen-sensitive (20.5 months vs. 12.6 
months) and tamoxifen-resistant (20.1 months vs. 14.5 months) patients. Palbociclib+ET demonstrated a higher rate of objective 
response, disease control, and clinical benefit in tamoxifen-sensitive patients.    
Conclusion  This post hoc exploratory analysis suggests that palbociclib+ET is a promising therapeutic option for premenopausal 
HR+/HER2– MBC patients irrespective of tamoxifen sensitivity.
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GnRH agonist has been limited due to poor accessibility of 
pharmacy and a concern for poor prognosis [7,8]. In reality, 
premenopausal women tended to receive cytotoxic chemo-
therapy rather than endocrine treatment with ovary function 
suppression. This non-adherence to guidelines in Korea was 
partially due to the aggressive biologic features, or the lack 
of available endocrine treatment for premenopausal women.  
Tamoxifen with or without the GnRH agonist has been the 
only endocrine therapy available until the GnRH agonist 
plus aromatase inhibitor became approved and reimbursed 
in 2017. Hence, premenopausal women who showed disease  
recurrence during adjuvant tamoxifen treatment had to recei-
ve cytotoxic chemotherapy, and this “tamoxifen-pretreated” 
population became increasingly important.

The PALOMA-2 trial, which included post-menopausal 
patients with HR+/HER2– breast cancer, demonstrated a 
favorable outcome with palbociclib plus letrozole compared 
to letrozole alone, despite the fact that 10% of tamoxifen-
pretreated patients had primary endocrine refractory disease 

[4,9]. Hence, in this post hoc analysis, we aimed to investi-
gate whether tamoxifen-pretreated patients from the Young-
PEARL study also had favorable outcomes. We wanted to 
elucidate whether the efficacy of palbociclib was also applica-
ble in premenopausal patients with HR+/HER2– MBC who 
were previously treated with tamoxifen. 

Materials and Methods
 
1. Study design

The YoungPEARL study design has been previously 
published [6]. In brief, premenopausal women with HR+/
HER2– metastatic or recurrent breast cancer, whose disease 
had progressed on prior tamoxifen irrespective of treatment-
free interval, were randomized 1:1 to receive either palboci-
clib plus combination endocrine therapy (oral exemestane 25 
mg/day for 28 days and oral palbociclib 125 mg/day for 21 
days every 4 weeks plus leuprolide 3.75 mg subcutaneously 

Table 1.  Baseline characteristics

                                ITT population                Tamoxifen sensitive (n=25)a)          Tamoxifen resistant (n=153)

 Palbociclib  Capecitabine  Palbociclib  Capecitabine  Palbociclib  CapecitabineVariable
 plus ET group plus ET group plus ET group

 group (n=92) (n=86) group (n=16) (n=9) group (n=76) (n=77)

Age, median (yr) 44 ( 44 ( 48 ( 46 ( 43 ( 44 (
Hormone receptor status
    ER+/PR+ 70 (76.1) 64 (74.4) 14 (87.5) 8 (88.9) 56 (73.7) 56 (72.7)
    ER+/PR– 22 (23.9) 22 (25.6) 2 (12.5) 1 (11.1) 20 (26.3) 21 (27.3)
ECOG PS
    0 54 (58.7) 48 (55.8) 9 (56.3) 4 (44.4) 45 (59.2) 44 (57.1)
    1-2 38 (41.3) 38 (44.2) 7 (43.7) 5 (55.6) 31 (40.8) 33 (42.9)
Disease status
    Recurrent 64 (69.6) 60 (69.8) 10 (62.5) 5 (55.6) 54 (71.1) 55 (71.4)
    De-novo 28 (30.4) 26 (30.2) 6 (37.5) 4 (44.4) 22 (28.9) 22 (28.6)
Metastases site
    Visceral 45 (48.9) 43 (50.0) 6 (37.5) 6 (66.7) 39 (51.3) 37 (48.1)
    Non-visceral only 47 (51.1) 43 (50.0) 10 (62.5) 3 (33.3) 37 (48.7) 40 (51.9)
No. of metastatic organs
    1 50 (54.3) 38 (44.2) 12 (75.0) 4 (44.4) 38 (50.0) 34 (44.2)
    ≥ 2 42 (45.7) 48 (55.8) 4 (25.0) 5 (55.6) 38 (50.0) 43 (55.8)
Previous treatment for MBC
    Yes 46 (50.0) 41 (47.7) 9 (56.3) 5 (55.6) 37 (48.7) 36 (46.8)
    No 46 (50.0) 45 (52.3) 7 (43.7) 4 (44.4) 39 (51.3) 41 (53.2)
Previous CTx for MBC
    Yes 22 (23.9) 18 (20.9) 6 (37.5) 5 (55.6) 16 (21.1) 13 (16.9)
    No 70 (76.1) 68 (79.1) 10 (62.5) 4 (44.4) 60 (78.9) 64 (83.1)
Values are presented as number (%). CTx, cytotoxic chemotherapy; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; 
ET, endocrine therapy; ITT, intention-to-treat; MBC, metastatic breast cancer; PR, progesterone receptor; PS, performance status. a)Four 
patients in the palbociclib arm and five patients in the capecitabine arm had not received prior tamoxifen.
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every 4 weeks) or chemotherapy (oral capecitabine 1,250 
mg/m2 twice daily for 2 weeks every 3 weeks).

Premenopausal status was defined as having had the most 
recent menstrual period within the past 12 months in any 
patients (irrespective of previous treatment received); for  
patients on tamoxifen, a period within the previous 3 months, 
a plasma estradiol concentration higher than 10 pg/mL, fol-
licle-stimulating hormone (FSH) concentration of at least 40 
IU/L, or plasma estradiol and FSH concentrations within the 
laboratory-defined premenopausal range; or in patients with 
chemotherapy-induced amenorrhea, a plasma estradiol con-
centration higher than 10 pg/mL, FSH concentration of at 
least 40 IU/L, or plasma estradiol and FSH concentrations 
within the laboratory-defined premenopausal range.

2. Outcomes and assessments
The primary endpoint of this study was investigator- 

assessed PFS; additional endpoints included overall survival 
(OS), quality of life, toxicity, the proportion of patients with 
objective responses, and the proportion of patients with clini-
cal benefit, some of which have been published previously 
[6]. In this post hoc analysis, PFS was analyzed for patients 
with and without tamoxifen resistance in the modified inten-
tion-to-treat (ITT) population.

Tamoxifen resistance was defined as: (1) relapse while on 
adjuvant tamoxifen, (2) relapse within 12 months of complet-
ing adjuvant tamoxifen, or (3) progression while on first-line 
tamoxifen within 6 months for MBC [10]. Patients who did 
not match any of the criteria above were defined as tamox-
ifen-sensitive.

3. Statistical analyses
Descriptive statistics were used to summarize patient 

and treatment characteristics. PFS were calculated using the  
Kaplan-Meier method and compared using the log-rank test. 
Univariate/multivariate models for clinical characteristics in 
association with PFS were based on Cox proportional haz-
ards regression analyses. Results were presented as HRs 
with 95% CIs. All analyses were performed using IBM SPSS 
Statistics ver. 25 (IBM Corp., Armonk, NY) and GraphPad 
Prism 6 (La Jolla, CA).

 
Results

1. Baseline demographic and disease characteristics
The ITT population in YoungPEARL was comprised of 

178 randomized patients (palbociclib plus endocrine therapy 

Fig. 1.  Forest plot of subgroup analysis for progression-free survival. CI, confidence interval; ECOG, Eastern Cooperative Oncology 
Group; ET, endocrine therapy; PS, performance status.
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arm, n=92; capecitabine arm, n=86) [6]. The baseline demo-
graphic and disease characteristics were generally similar 
among the treatment groups (Table 1). Most of the patients in 
both groups who had recurrent disease had received tamox-
ifen as adjuvant endocrine therapy with or without a GnRH 
agonist. Among the 124 patients who had recurrent disease 
after curative surgery, we identified 12 patients and four  
patients from the palbociclib plus endocrine therapy arm 
and the capecitabine arm, respectively, who had a tamoxifen-
sensitive recurrence. An additional four and five patients 
with tamoxifen-naïve disease were identified from the palbo-
ciclib plus endocrine therapy arm and the capecitabine arm, 
respectively, revealing a total of 25 patients with tamoxifen-
sensitive MBC.

In the ITT population of the YoungPEARL study, the  
improvement in PFS in the palbociclib plus endocrine 
therapy group was previously observed in patients older 
than 35 years, in patients with worse Eastern Cooperative  
Oncology Group performance statuses, in those who had not 
previously received chemotherapy in a metastatic setting, 
and in those with non-visceral disease in subgroup analyses 
[6]. In this post hoc subgroup analysis, we identified a great-
er improvement in PFS for patients who were sensitive to  
tamoxifen (unstratified HR, 0.38 [95% CI, 0.12 to 1.19]; 
p=0.097) compared to those who were resistant to tamoxifen 
(unstratified HR, 0.73 [95% CI, 0.47 to 1.14]; p=0.167) (Fig. 1).

2. Efficacy in patients with/without tamoxifen-resistance
To better understand the impact of tamoxifen resistance 

on the PFS benefits provided by palbociclib, the duration 
of PFS were analyzed in subgroups of patients according to  
tamoxifen sensitivity. The median PFS have been previously 
reported in the ITT population as 20.1 months (95% CI, 14.2 
to 21.8) vs. 14.4 (12.1 to 17.0) in the palbociclib plus endocrine 
therapy and capecitabine arms, respectively (HR, 0.66 [95% 
CI, 0.44 to 0.99]; p=0.024). In this post hoc analysis, we found 
no significant difference in PFS according to tamoxifen sensi-
tivity in the ITT population, palbociclib plus endocrine ther-
apy arm, and capecitabine arm (Fig. 2A-C). However, for the 
subgroup of patients who were sensitive to tamoxifen, the 
median PFS were 20.5 months (95% CI, not available [NA] 
to NA) and 12.6 (95% CI, 6.7 to 18.6) in the palbociclib plus 
endocrine therapy and the capecitabine arms, respectively, 
resulting in an absolute difference of 7.9 months in favor of 
palbociclib plus endocrine therapy (Fig. 2D). For tamoxifen-
resistant patients, the median PFS were 20.1 months (95% 
CI, 14.2 to 26.0) with palbociclib plus endocrine therapy and 
14.5 months (95% CI, 12.4 to 16.5) with capecitabine, result-
ing in an absolute difference of 5.6 months (Fig. 2D). In this 
exploratory analysis, the median PFS was prolonged with 
palbociclib plus endocrine therapy compared to capecitabine 

regardless of tamoxifen sensitivity. Consistently, a longer 
duration of response (DOR) was demonstrated in patients 
treated with palbociclib plus endocrine therapy compared to 
those treated with capecitabine for both tamoxifen-sensitive 
(18.9 months [95% CI, 2.6 to 35.2] vs. 6.6 [95% CI, NA to NA]) 
and tamoxifen-resistant groups (17.1 months [95% CI, 9.5 to 
24.8] vs. 13.1 [95% CI, 6.8 to 19.5]) (Table 2).

Fig. 2.  Progression-free survival curves according to tamoxifen 
sensitivity for ITT population (20.2 months vs. 15.1 months) (A), 
palbociclib plus endocrine therapy arm (20.5 months vs. 20.1 
months) (B), and capecitabine arm (12.6 months vs. 14.5 months) 
(C). (Continued to the next page)
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In the tamoxifen-sensitive group, seven of 16 patients 
(43.8%) treated with palbociclib plus endocrine therapy and 
two of nine (22.2%) treated with capecitabine achieved an 
objective response; in addition, 16 of 16 (100.0%) treated with 
palbociclib plus endocrine therapy and eight of nine (88.9%) 
treated with capecitabine achieved disease control (Table 
2). The proportion of patients who achieved clinical benefit 
were 87.5% (14 of 16) and 77.8% (7 of 9) for those treated with 
palbociclib plus endocrine therapy and with capecitabine, 
respectively. In the tamoxifen-resistant group, the propor-
tions of patients who achieved objective response (35.5% vs. 
35.1%) and disease control (96.1% vs. 90.9%) did not differ 
markedly between the treatment arms (Table 2).

3. Prognostic factors for PFS
Multivariate analysis was performed to identify prognos-

tic factors associated with PFS, and we found that tamoxifen 
sensitivity was not associated with PFS benefit. The only fac-
tor significantly associated with favorable PFS, other than 
non-visceral metastases, was palbociclib plus endocrine ther-
apy over capecitabine (multivariate HR, 0.67; 95% CI, 0.44 to 
1.01; p=0.054), as demonstrated in the original YoungPEARL 
trial (Table 3).

Fig. 2.  (Continued from the previous page) (D) Progression-free survival curves according to tamoxifen sensitivity and treatment arms. CI, 
confidence interval; ET, endocrine therapy; HR, hazard ratio; ITT, intention-to-treat; NA, not available.
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Table 2.  Summary of treatment efficacy

  Tamoxifen sensitive (n=25)   Tamoxifen resistant (n=153)

 Palbociclib plus ET  Capecitabine 
p-value

 Palbociclib plus ET  Capecitabine 
p-value

 group (n=16) group (n=9)  group (n=76) group (n=77) 

Objective response, n (%) 7 (43.8) 2 (22.2) 0.401 27 (35.5) 27 (35.1) > 0.99
Disease control, n (%) 16 (100) 8 (88.9) 0.360 73 (96.1) 70 (90.9) 0.717
Clinical benefit, n (%) 14 (87.5) 7 (77.8) 0.602 60 (78.9) 51 (66.2) 0.194
PFS (95% CI, mo) 20.5 (NA-NA) 12.6 (6.7-18.6) 0.086 20.1 (14.2-26.0) 14.5 (12.4-16.5) 0.164
PFS HR (95% CI) 0.38 (0.12-1.19) - 0.097 0.73 (0.47-1.14) - 0.167
DOR (95% CI, mo) 18.9 (2.6-35.2) 6.6 (NA-NA) 0.458 17.1 (9.5-24.8) 13.1 (6.8-19.5) 0.217
DOR HR (95% CI) 0.37 (0.02-5.86) - 0.477 0.59 (0.25-1.39) - 0.223
CI, confidence interval; DOR, duration of response; ET, endocrine therapy; HR, hazard ratio; NA, not applicable; PFS, progression-free 
survival. 



Discussion

A previous study has reported that a GnRH agonist (gos-
erelin) versus ovariectomy demonstrated similar failure-
free survival and OS in premenopausal women with HR+/
HER2– breast cancer [11]. The YoungPEARL study was desig- 
ned to compare the combination of palbociclib plus exemes-
tane with ovarian suppression to single-agent chemothera-
py in premenopausal women who had disease progression  
or relapse during or after previous endocrine therapy with  
tamoxifen [6]. Its unique strength lay in the study design,  
which explicitly recruited premenopausal women with 
HR+/HER2– MBC, the patient population which has been  
under-represented in most clinical trials other than MON-
ALEESA-7. We hypothesized that palbociclib in combina-
tion with endocrine therapy would be more efficacious than 
a commonly used chemotherapeutic agent, capecitabine, 
which has been preferentially used in the context of a lack of 
endocrine options in the premenopausal population. 

Premenopausal women with HR+/HER2– MBC constitute 
a distinctive patient population; they are more commonly 
found in Eastern countries compared to Western countries, 
owing to different ethnic background along with environ-
mental and social factors [12-16]. In many Asian countries, 
the peak incidence of breast cancer occurs at the age range of 
40-50 years, leading to about half of the patients being pre-
menopausal. Other studies have reported that the patients 

in the younger age group exhibit higher risk for mortality, 
which is attributable to aggressive tumor behavior requiring 
rapid response [7,17-19]. Nevertheless, these patients have 
been under-represented, or even marginalized, in most clini-
cal trials leading to a lack of evidence and limited treatment 
options.

In Asian countries, including South Korea, tamoxifen has 
been the only endocrine therapy, other than GnRH agonists, 
approved for premenopausal women, and hence most pati- 
ents who received endocrine therapy at the time of enrol-
ment were treated with tamoxifen in adjuvant or metastatic 
settings [20]. Under these circumstances, 25 of the total 178 
patient population (14%) included in YoungPEARL had a 
tamoxifen-sensitive disease at study enrolment. In this post 
hoc subgroup analysis, we revealed that tamoxifen sensitiv-
ity did not significantly influence the survival benefit asso-
ciated with palbociclib plus endocrine therapy compared 
to capecitabine. Both patient groups with and without 
tamoxifen resistance demonstrated a longer median PFS 
(tamoxifen-sensitive: 20.5 months vs. 12.6 months; HR, 
0.38; tamoxifen-resistant: 20.1 vs. 14.5; HR, 0.73) and DOR 
(tamoxifen-sensitive: 18.9 months vs. 6.6 months; HR, 0.37; 
tamoxifen-resistant: 17.1 vs. 13.1; HR, 0.59) with palboci-
clib plus endocrine therapy compared to capecitabine. The 
proportion of patients achieving an objective response (44% 
vs. 22%), disease control (100% vs. 89%), and clinical benefit 
(88% vs. 78%) were consistently higher with palbociclib plus 

Table 3.  Univariate and multivariate analyses for progression-free survival

Variable
                         Univariate analysis                    Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Age (yr)
    < 35 1 (  - 
    ≥ 35 0.92 (0.47-1.77) 0.794 - -
ECOG PS    
    0-1 1 (  - 
    ≥ 2 1.03 (0.68-1.56) 0.903 - -
Previous chemotherapy for metastatic breast cancer    
    Yes 1 (  - 
    No 0.84 (0.52-1.35) 0.468 - -
Visceral metastases    
   Yes 1 (  1 ( 
   No 0.56 (0.37-0.85) 0.007 0.56 (0.37-0.86) 0.007
Tamoxifen resistance    
    Sensitive 1 (  - 
    Resistant 1.27 (0.69-2.32) 0.449 - -
Treatment arm    
    Capecitabine 1 (  1 ( 
    Palbociclib+ET 0.66 (0.44-0.99) 0.049 0.67 (0.44-1.01) 0.054
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ET, endocrine therapy; HR, hazard ratio; PS, performance status.
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endocrine therapy compared to capecitabine, in patients 
with tamoxifen-sensitive disease.

The MONALEESA-7 trial was the first study to evalu-
ate the efficacy of ribociclib, another important CDK4/6  
inhibitor, in addition to endocrine therapy in premenopausal 
patients. It included 268 of a total 672 patients (40%) who 
received previous (neo)adjuvant endocrine therapy, among 
whom 205 (77%) had disease progression within 12 months 
and 60 (22%) had disease progression after 12 months from 
the end of endocrine treatment [21]. In subgroup analysis, 
ribociclib was significantly favored for PFS benefit with HR 
0.59 (95% CI, 0.40 to 0.87) for patients with treatment-free  
interval of less than 12 months. However, PFS benefit for 
those with a treatment-free interval of more than 12 months 
was rather doubtful with an HR of 0.75 (95% CI, 0.28 to 2.02) 
and the upper limit of the 95% CI notably crossing over 1.0. In 
the subsequent report on OS, the patients with a treatment-
free interval of more than 12 months showed an HR of 1.53 
(95% CI, 0.44 to 5.34), favoring a placebo over ribociclib [22]. 
The worrisome results from the subgroup analysis on PFS 
benefit failed to translate into any OS benefits for patients 
with treatment-free survivals of more than 12 months with 
ribociclib treatment.

For palbociclib, an enthusiasm for clinical benefit for  
patients with endocrine sensitivity was glimpsed in the PAL-
OMA-3 trial which analyzed patients with any menopausal 
status and endocrine-resistant HR+/HER2– breast cancer 
[5]. This study included 410 of total 521 patients (79%) who 
had a documented clinical benefit from at least one previ-
ous endocrine therapy. A subgroup analysis for patients with 
sensitivity to previous hormonal therapy demonstrated a 
favorable outcome with palbociclib over a placebo in both 
PFS (10.2 months [95% CI, 9.4 to 11.2] vs. 4.2 months [95% 
CI, 3.5 to 5.6]; HR, 0.42 [95% CI, 0.32 to 0.56]) and OS (39.7 
months [95% CI, 34.8 to 45.7] vs. 29.7 months [95% CI, 23.8 
to 37.9]; HR, 0.72 [95% CI, 0.55 to 0.94]) [5,23]. Taken together 
with our results, these findings suggest that palbociclib is a 
promising therapeutic option for patients with tamoxifen-
sensitive MBC. Further data on OS for patients included in 
the YoungPEARL trial, in regard to tamoxifen sensitivity, are 

highly anticipated.
This study has several limitations including its explora-

tory, post hoc nature and the small number of patients ana-
lyzed. As such, these data must be interpreted with caution.  
Despite these limitations, the significant PFS benefit with pal-
bociclib therapy demonstrated in this post hoc analysis from 
the YoungPEARL study holds a robust clinical significance 
for making treatment decisions in this patient subgroup. In 
conclusion, palbociclib plus exemestane with ovarian sup-
pression is an active treatment option in tamoxifen-sensitive, 
as well as tamoxifen-resistant, premenopausal patients with 
HR+/HER2– MBC who are candidates for cytotoxic chemo-
therapy.
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Introduction

Oxaliplatin combined with fluoropyrimidine (FP) is rec-
ognized as one of the standard first-line chemotherapies 
in patients with metastatic colorectal cancer (mCRC) [1-4]. 
The current recommendation is to add targeted agents such 
as bevacizumab or anti–epidermal growth factor receptor 
(EGFR) antibody to the oxaliplatin-containing therapy regi-
men [5-7]. Prolonged use of oxaliplatin is problematic because 
it induces chronic and cumulative peripheral neuropathy. 
Despite clinical trials examining prophylactic or therapeutic 
agents for treating oxaliplatin-induced acute/chronic peri-
pheral neuropathy, no agent has been found to prevent or 
improve peripheral neuropathy [8-11], except duloxetine 
which has promising effects [12]. Another treatment strategy 
of oxaliplatin-containing therapy, the oxaliplatin stop-and-go 
strategy, was studied in the OPTIMOX1 trial [13]. This strat-
egy comprised a sequence of an induction therapy, a main-

tenance therapy, oxaliplatin withdrawal, and a possible oxa-
liplatin reintroduction. Infusional 5-fluorouracil/folinic acid 
(LV5FU) combined with oxaliplatin (FOLFOX), followed by 
LV5FU and later oxaliplatin reintroduction showed a favora-
ble disease control duration and decreased the occurrence of 
peripheral neuropathy in patients with mCRC, compared to 
FOLFOX alone which continued until disease progression. 
Several studies have reported various durations of induction 
therapy and various maintenance therapy regimens includ-
ing a chemotherapy-free interval with or without oxaliplatin 
reintroduction. In a meta-analysis, such intermittent strate-
gies in patients with mCRC showed no clinically significant 
reduction in overall survival (OS) when compared with a 
continuous strategy [14]. However, the optimal maintenance 
treatment strategy remains unclear.

In this study, we aimed to investigate the optimal duration 
of both induction and maintenance therapy regimens, includ-
ing the necessity of oxaliplatin reintroduction as first-line 
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Purpose  Maintenance therapy after oxaliplatin withdrawal is useful in patients with metastatic colorectal cancer (mCRC). This study 
aimed to investigate the timing of discontinuation or reintroduction of oxaliplatin and the optimal maintenance therapy regimen for 
survival.
Materials and Methods  PubMed and conference abstracts were searched to select phase II and III trials of first-line oxaliplatin-
containing therapy with or without bevacizumab using maintenance therapy for mCRC. Correlations of median overall survival (OS) 
with induction therapy regimens, induction therapy duration, maintenance therapy regimens (fluoropyrimidine plus bevacizumab 
[FP+Bev], FP/Bev alone, and no treatment), and oxaliplatin reintroduction were investigated using correlation and weighted multivari-
ate regression analyses.  
Results  Twenty-two treatment arms were analyzed, including 2,581 patients. The maintenance therapy regimen FP+Bev showed the 
strongest correlation with a prolonged OS (Spearman’s partial correlation coefficient=0.42), and the other three variables correlated 
weakly with the OS. The maintenance therapy regimen significantly interacted with the induction chemotherapy duration (p=0.019). 
The predicted OS for FP+Bev crossed the lines of FP/Bev alone at 18 weeks of induction therapy, and of no treatment at 23 weeks. 
The corresponding OS at 12 and 27 weeks of induction therapies were 28.6 and 24.2 months for FP+Bev, 25.9 and 28.8 months for 
FP/Bev alone, and 20.5 and 27.5 months for no treatment.
Conclusion  The optimal maintenance therapy regimen for the OS is a continuous induction therapy as long as possible followed by 
FP/Bev alone and switching to FP+Bev within approximately 4 months if induction therapy is discontinued.
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oxaliplatin-containing therapy in patients with mCRC, using 
a trial-level meta-analysis.

Materials and Methods
 
1. Search strategy

This study was registered in the PROSPERO database 
(CRD42015019077) and was conducted according to the Pre-
ferred Reporting Items for Systemic Reviews and Meta-Anal-
ysis (PRISMA) statement [15]. Trials involving mCRC that 
were published up to March 2018 were identified through 
a systematic search of the PubMed database using the key-
words [“colorectal cancer” (All Fields) OR “colorectal can-
cers” (All Fields) OR “colorectal neoplasm” (All Fields) OR 
“colorectal neoplasms” (All Fields)] AND [“maintenance” 
(All Fields) OR “stop and go” (All Fields) OR “no treatment” 
(All Fields) OR “holiday” (All Fields) OR “reintroduction” 
(All Fields) OR “intermittent” (All Fields) OR “OPTIMOX” 
(All Fields)] OR “oxaliplatin” (All Fields) OR “XELOX” 
(All Fields) OR “CAPOX” (All Fields) OR “FOLFOX” (All 
Fields)]. A manual search was also performed for abstracts 
presented at annual meetings of the American Society of 
Clinical Oncology, Gastrointestinal Cancers Symposium,  
European Society of Medical Oncology, and World Congress 
of Gastrointestinal Cancer up to March 2018.

2. Selection criteria
Inclusion criteria were formed using the participants, inter- 

vention, control, outcomes, and study design (PICOS) strat-
egy as follows: P (participants), mCRC patients; I (interven- 
tion), maintenance strategy for oxaliplatin-containing ther-
apy as first-line treatment; C (control), no control; O (out-
comes), the OS from induction therapy; and S (study design), 
phase II and III trials. The following studies were excluded: 
anti-EGFR antibody-containing induction therapy; no infor-
mation on duration of induction therapy; no details on the 
maintenance therapy, oxaliplatin reintroduction, or OS; com-
bination therapy with irinotecan; combination therapy with 
targeted agents, except bevacizumab; maintenance therapy 
with a drug that had not been used for induction therapy; a 
specific group of patients, such as the elderly (described in 
the title or text as targeting elderly or older patients) or pati-
ents with only liver metastasis; and non-English reports. In 
trials where patients were randomized at the start of mainte-
nance therapy, the duration of induction therapy when pre-
defined in the protocol was added to the reported median 
OS.

3. Data extraction
Two authors (T.M., A.S.) independently extracted infor-

mation from the selected literature using predefined data  
extraction forms. The following details were extracted: the 
year of publication or presentation, number of patients  
enrolled or analyzed, primary endpoint, induction therapy 
regimen, and maintenance therapy regimen with or with-
out oxaliplatin reintroduction. The following information 
was collected: the trial start year, median OS, median pro-
gression-free survival (PFS), defined duration of induction 
and maintenance therapies, and proportion of patients who 
underwent maintenance therapy and oxaliplatin reintroduc-
tion. The induction therapy regimens were classified as com-
bination with and without bevacizumab. Maintenance thera-
py regimens were classified as no treatment (supportive care 
only), FP/bevacizumab alone, and FP plus bevacizumab.

4. Statistical analysis
Our primary endpoint was the OS. There were four explor-

atory variables: the induction therapy regimen, duration of 
induction therapy, maintenance therapy regimen, and oxa-
liplatin reintroduction rate. These variables were necessary 
to construct the model for the oxaliplatin stop-and-go strat-
egy. In addition, two variables, the maintenance therapy rate 
(defined as the proportion of patients who switched from 
the induction therapy to the maintenance therapy) and trial 
start year, were used to adjust for in the analysis as affecting 
factors of the OS. The relationships between the median OS 
and these variables were assessed using correlation analysis 
and weighted multivariate regression analysis. Spearman’s 
partial correlation coefficients (pR) were used to evaluate 
the correlations between the median OS and these variables. 
Pearson’s pR were used in sensitivity analyses of Spearman’s 
pR. Median OS was predicted using the multiple regression 
model with these variables weighted according to the sam-
ple size of the treatment arms. An OS prediction model was  
developed using interaction terms between each variable (the 
induction therapy regimen, duration of induction therapy, 
and maintenance therapy regimen) that was adjusted. Vari-
ables with the largest p-values of interaction were excluded 
from the model, and the analysis was repeated until the  
p-value of all the interacting terms was less than 0.1. Vari-
ables related to significant interaction terms were finally  
included in the model. The adaptability of the model was 
evaluated using the coefficient of determination and adju-
sted for the degrees of freedom (adjusted R2). We consid-
ered that the model was well fitted if the adjusted R2 was 
above 0.50. To establish the validity and generalizability of 
the prediction model, the model was applied to some extra 
trials to evaluate the discrepancy between the predicted and 
observed OS. Treatment arms, which were excluded from 
this analysis because of the lack of information on the main-
tenance therapy rate, were included in the extra-validation 
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set. The maintenance therapy rate was assumed to be the 
weighted mean maintenance therapy rate among trials in 
the original set. As exploratory analysis, the median PFS 
was analyzed using similar methods used for the OS. The 
relationship between the median PFS and variables (except  
oxaliplatin reintroduction rate) were assessed in the treat-
ment arms which continued the maintenance therapy until 
disease progression. The maintenance therapy rate was used 
to adjust for in the analysis as an affecting factor of PFS. Sta-
tistical tests were two-sided with a 5% significance level. 
Analyses were performed using SAS software ver. 9.4 (SAS 
Institute Inc., Cary, NC). 

Results

Among the 4,551 studies retrieved up to March 2018, 22 
treatment arms in 15 trials were identified; we included 2,581 
patients in the analysis (Fig. 1) [16-30]. Characteristics of 
the treatment arm are summarized in Table 1 (details of the  
respective treatment arms are listed in S1 Table). Uracil-
tegafur as maintenance therapy after FOLFOX was adopted 
in one treatment arm [17]; this was included in our meta-
analysis because it is an FP-based drug. Regarding the two 

treatment arms in which the duration of induction thera-
py was defined as 18 to 24 weeks, 18 weeks was adopted  
because 88% of patients received an induction therapy of 18 
weeks [28]. Eighteen treatment arms were recommended 
to continue maintenance therapy until disease progression.  
Oxaliplatin reintroduction was predefined in 15 treatment 
arms. In 11 treatment arms, oxaliplatin reintroduction was 
recommended after failure of maintenance therapy. In ano-
ther four treatment arms, it was recommended after a fixed 
maintenance therapy period or after an earlier disease pro-
gression during maintenance therapy. In all of them, the  
duration of oxaliplatin reintroduction therapy was until dis-
ease progression. The median oxaliplatin reintroduction rate 
was 31.0% (range, 0.0% to 76.9%). Although the study began 
with a maintenance therapy in five treatment arms, the me-
dian OS from the induction therapy was reported in only two 
treatment arms.

1. Correlations between OS and variables
Correlations between the OS and the variables examined 

are listed in S2 Table and shown in Fig. 2. The maintenance 
therapy regimen showed the highest correlation with the 
OS (Spearman’s pR=0.42). The induction therapy regimen, 
duration of induction therapy, and oxaliplatin reintroduc-

Fig. 1.  Study selection according to the PRISMA diagram. ASCO, American Society of Clinical Oncology; ESMO, European Society of 
Medical Oncology; PRISMA, Preferred Reporting Items for Systemic Reviews.
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tion rate weakly correlated with the OS (pR=0.09, pR=0.06, 
and pR=0.15, respectively). In the multivariate regression 
analysis for OS, there was no significant association with 
any variable except with the maintenance therapy rate (S3 
Table). According to the multiple regression model includ-
ing interaction terms, the maintenance therapy regimen and 
rate were significantly associated with the OS (p=0.007 and 
p < 0.001, respectively), and a significant interaction term 
was observed between the duration of induction therapy 
and maintenance therapy regimen (p=0.019) (Table 2). Based 
on the results of the multiple regression analysis including 
the interaction term, an OS prediction model was built using 
the duration of induction therapy, maintenance therapy rate, 
and maintenance therapy regimen (adjusted R2=0.80). Thus, 
the OS prediction model was given as

Predicted OS (months)=2.90+0.46X1+87X21+17.3X22

+1.20X3–0.27X1X21–0.76X1X22,
where X1 is the induction therapy (weeks), X21=1 for the 
maintenance therapy with FP/bevacizumab alone and X21=0 
for others, X22=1 for the maintenance therapy with FP+beva-
cizumab and X22=0 for the others, and X3 is the maintenance 
therapy rate (10%). 

2. Extra-validation
Ten treatment arms were included in the extra-validation 

set (Fig. 3, S4 Table) [13,31-37]. The temporary maintenance 
therapy rate was 74%. The observed median OS in most  
extra-validation treatment arms was included within the 
95% confidence interval (CI) of the predicted median OS,  
except for three treatment arms.

3. Predicted OS according to the duration of induction ther-
apy and maintenance therapy regimen

Based on the assumption that a patient received mainte-
nance therapy after induction therapy, the lines to predict 
the median OS were derived by applying the duration of 
induction therapy of 12 to 27 weeks and the maintenance 
therapy regimens (Fig. 4). When FP plus bevacizumab was 
used in the maintenance therapy, the longest and short-
est predicted median OS were 28.6 months (95% CI, 25.6 to 
31.7) at 12 weeks and 24.2 months (95% CI, 20.7 to 27.6) at 27 
weeks, respectively. In contrast, the predicted OS for mainte-
nance therapy with no treatment or with FP or bevacizumab  
became longer as the duration of induction therapy was pro-
longed. The shortest predicted median OS was 20.5 months 
(95% CI, 17.7 to 23.3) and 25.9 months (95% CI, 22.8 to 29.0) 
for maintenance therapy with no treatment or with FP or 
bevacizumab, respectively, at 12 weeks. The longest predict-
ed median OS was 27.5 months (95% CI, 24.4 to 30.5) and 28.8 
months (95% CI, 26.0 to 31.6) for maintenance therapy with 
no treatment or with FP or bevacizumab, respectively, at 27  

Table 1.  Characteristics of 22 treatment arms in 15 trials

 No. (%) (n=2,581)

Patients per treatment arm 120 (30-279)
Phase 
    II 12 treatment arms
    III 10 treatment arms
Trial start year (yr) 2008 (2002-2011)
Induction therapy 
    Regimen 
        Cytotoxic drugs alone 11
        Cytotoxic drugs+bevacizumab 11
    Duration of treatment (wk) 
        12  6
        15  1
        16  1
        18  3
        24 6
        27  3
        18-24  2
Maintenance therapy 
    Rate 80.6 (11.6-100)
     66.7 (11.6-90.7)a)

    Regimen
        No treatment 7
        Fluoropyrimidine alone 6b)

        Bevacizumab alone 1
        Fluoropyrimidine+bevacizumab 8
    Duration of treatment 
        Until disease progression 18
        15 wk 1
        16 wk 1
        24 wk 2
Oxaliplatin reintroduction therapy 
    Recommended by protocol 
        Yes 15
    Rate 31.0 (0.0-76.9)
 45.0 (19.1-76.9)c)

Follow-up time (mo) 36.2 (9.3-60.0)d)

Overall survival (mo) 23.6 (15.8-31.0)
Progression-free survival (mo) 9.5 (6.0-13.9)
 8.5 (6.0-13.9)e)

Values are presented as number or median (range). a)In 15 treat-
ment arms eligible in the original set, except studies with 100% 
maintenance therapy rate, b)Includes one maintenance therapy 
with uracil-tegafur, c)For 15 treatments arms except for seven 
treatment arms not recommending oxaliplatin reintroduction,  
d)As reported in 10 studies, e)For 18 treatment arms recommend-
ed to continue maintenance therapy until disease progression.
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Fig. 2.  Correlations between the overall survival or progression-free survival and variables: induction therapy regimen (A, B), duration of 
induction therapy (C, D), maintenance therapy regimen (E, F), and oxaliplatin reintroduction rate (G). The size of each circle is proportional 
to the sample size. The solid line indicates the estimated regression line, and the dotted line indicates the 95% confidence interval. Bev, 
bevacizumab; FP, fluoropyrimidine; pR, Spearman’s partial correlation coefficient; R, Spearman’s correlation coefficient.
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weeks. The predicted median OS for maintenance therapy 
with FP plus bevacizumab crossed the line for that with FP 
or bevacizumab between 17 and 18 weeks of induction ther-
apy, whereas that for maintenance therapy with no treatment 
crossed between 22 and 23 weeks.

4. Exploratory analysis for PFS
Correlations between the PFS and the variables examined 

are listed in S2 Table and shown in Fig. 2. The maintenance 
therapy regimen showed the highest correlation with PFS 
(Spearman’s pR=0.82). The induction therapy regimen and 
duration of induction therapy weakly correlated with the 
PFS (pR=0.15 and pR=–0.03, respectively). In the multivari-
ate regression analysis for PFS, it was significantly associated 
with the maintenance therapy regimen and maintenance 
therapy rate (S3 Table). Finally, the maintenance therapy reg-
imen and rate were selected, and no significant interaction 
term was observed (Table 2). Based on the results, the PFS 
prediction model was given as

Predicted OS (months)=4.97+1.52X11+3.78X12+0.34X2,
where X11=1 for the maintenance therapy with FP/bevaci-
zumab alone and X11=0 for the others, X12=1 for maintenance 
therapy with FP+bevacizumab and X12=0 for the others, and 
X2 is the maintenance therapy rate (10%). The adjusted R2 of 
the model was 0.83.

Eight treatment arms were included in the extra-validation 
set (Fig. 3, S4 Table) [31-35,37]. The observed median PFS 
in all extra-validation treatment arms was included within 
95% CI of the predicted median PFS. The predicted PFS was 

calculated based on the assumption that a patient received 
maintenance therapy after an induction therapy (Fig. 4). 
The predicted median PFS for maintenance therapy with no 
treatment, with FP or bevacizumab, and with FP plus bevaci-
zumab was 8.4 months (95% CI, 7.6 to 9.2), 9.9 months (95% 
CI, 8.9 to 11.0), and 12.2 months (95% CI, 11.2 to 13.2), respec-
tively.

Discussion

We studied the optimal maintenance strategy of oxalipl-
atin-containing therapy in patients with mCRC in this trial-
level meta-analysis and found that the maintenance therapy 
regimen correlated highest with the OS, while the oxaliplatin 
reintroduction rate weakly correlated with OS. Moreover, we 
were able to build an OS prediction model with high accu-
racy.

Although the maintenance therapy regimen showed the 
highest correlation with OS in our meta-analysis, the impact 
of the duration of induction therapy should also be consid-
ered. The predicted OS on maintenance therapy with FP plus 
bevacizumab was superior to that with FP or bevacizumab 
for up to 17 weeks of induction therapy. This boundary week 
(17 to 18 weeks from the start of induction therapy) is known 
to be the usual time when grade 2 or more oxaliplatin- 
related peripheral neuropathy develops [38,39]. Considering 
that most patients would have discontinued oxaliplatin by 
that time, it is better that patients who have grade 2 or more 

Table 2.  Multivariate regression analysis with interaction terms

                       Analysis of                  Multivariate regression
                      variance                     analysis
Outcome Independent variable Unit

 
F p-value

 Regression 
p-value

     coefficient (95% CI)

Overall survival Duration of induction therapya) 1-week 1.61 0.220 0.46 (0.13 to 0.80) 0.009
 Maintenance therapy regimen FP or Bev 7.18 0.007 8.72 (–0.07 to 17.50) 0.052
     Control: no treatment FP+Bev   17.31 (7.53 to 27.09) 0.002 
 Maintenance therapy rate 10% 63.8 < 0.001 1.20 (–0.88 to 1.52) < 0.001
 Interaction between duration of  1-week×FP 5.27 0.019 –0.27 (–0.68 to 0.14) 0.180
   induction therapy and    or Bev
   maintenance therapy regimen 
  1-week×FP+Bev   –0.76 (–1.26 to –0.26) 0.005
Progression-free Maintenance therapy regimen FP or Bev 24.2 < 0.001 1.52 (0.44 to 2.60) 0.009
  survival 
     Control: no treatment FP+Bev   3.84 (2.66 to 5.02) < 0.001
 Maintenance therapy rate 10% 24.7 < 0.001 0.34 (0.20 to 0.49) < 0.001
Bev, bevacizumab; CI, confidence interval; FP, fluoropyrimidine. a)Included in the model because the interaction between duration of  
induction therapy and maintenance therapy regimen was statistically significant. 
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oxaliplatin-related peripheral neuropathy until 17 weeks of 
induction therapy switch from induction therapy to mainte-
nance therapy with FP plus bevacizumab as soon as possible. 
In contrast, some patients who can continue oxaliplatin for a 
long time without related toxicities might be able to obtain 
survival benefits with the continuation of induction therapy. 
According to our OS prediction model, maintenance therapy 
with FP or bevacizumab was adequate when the duration 
of induction therapy was over 18 weeks. Patients who have 
grade 1 or less oxaliplatin-related toxicities including long-
standing peripheral neuropathy should continue the induc-

tion therapy for as long as possible.
When oxaliplatin is discontinued despite being effective, 

its sensitivity in such patients is maintained. The oxalipl-
atin reintroduction rate correlated with a prolonged OS in 
a retrospective analysis of the OPTIMOX1 trial [40]. A pre-
vious meta-analysis of alternative endpoints to evaluate a 
therapeutic strategy comprising oxaliplatin reintroduction in 
mCRC showed a good correlation between the time to failure 
of treatment strategy and OS. However, this meta-analysis 
was conducted in only three randomized trials including the 
OPTIMOX1 trial, which had the largest number of patients 

Fig. 3.  Relationships between observed and predicted survival times in the extra-validation treatment arms: overall survival (A) and pro-
gression-free survival (B). Predicted progression-free survival was calculated in treatment arms recommended to continue maintenance 
therapy until disease progression. Bev, bevacizumab; CAPOX, capecitabine and oxaliplatin; CI, confidence interval; FOLFOX, infusional 
5-fluorouracil, folinic acid, and oxaliplatin; mFOLFOX, modified infusional 5-fluorouracil, folinic acid, and oxaliplatin.
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[41]. The duration of maintenance therapy was 12 weeks in 
this trial and not until disease progression. This means that 
the sensitivity to FP was maintained in many patients. In 
most trials, including our meta-analysis, maintenance thera-
py was continued until disease progression, and the oxalipl-
atin reintroduction rate correlated moderately with the time 
to failure of treatment strategy (pR=0.32; data not shown), 
but weakly with the OS (pR=0.15). Therefore, most patients 
failed to achieve survival benefits from oxaliplatin reintro-
duction. It might also be important that patients are sensitive 
to FP when oxaliplatin reintroduction is being considered. 
Our meta-analysis could not answer this hypothesis because 
we used only four corresponding treatment arms.

Although an OS prediction model with a high accuracy 
was built, it did not include the observed median OS within 
the predicted OS in three extra-validation treatment arms. 
The OS with chronomodulated capecitabine plus oxaliplatin 
was shorter than that with the standard treatment schedule 
in a study by Qvortrup et al. [32]. In half of the patients who 
received capecitabine plus oxaliplatin combined with beva-
cizumab, the regimen was discontinued because of reasons 
other than disease progression as reported by Tol et al. [31] 
and Diaz-Rubio et al. [35]. These reasons might not apply to 
our OS prediction model.

We exploratory analyzed the relationship between the PFS 
and related variables. PFS was analyzed among trials recom-
mended to continue maintenance therapy until disease pro-
gression, since the definition of PFS differed between trials 
recommended to continue maintenance therapy until dis-
ease progression and trials with fixed maintenance therapy 
periods, even if no disease progression was observed dur-

ing the maintenance therapy. The maintenance therapy regi-
men showed the highest correlation with the PFS, and a PFS 
prediction model with high accuracy was built. The impor-
tance of maintenance therapy with FP plus bevacizumab in 
the analysis of the PFS also supports our results for the OS.  
According to this predicted PFS model, the PFS was long-
est in the maintenance therapy with FP plus bevacizumab, 
regardless of the duration of induction therapy. Therefore, 
switching to this maintenance therapy early might not be 
disadvantageous to the patients.

This meta-analysis had several limitations. First, this study 
was not analyzed based on individual patient data, and the 
correlation between efficacy outcomes and oxaliplatin-relat-
ed adverse events could not be identified. Second, three treat-
ment arms had information only on the OS from the start 
of maintenance therapy. The accuracy might be decreased 
in those treatment arms because the defined duration of  
induction therapy was added. Third, although a mainte-
nance strategy was conducted in anti-EGFR antibody-con-
taining induction therapy studies, these studies were not  
included in this meta-analysis because they involved analy-
sis of patients solely with wild-type KRAS/NRAS. Fourth, 
not all trials zincluded in the analysis had an OS as the pri-
mary endpoint. However, the event of death might suffice 
because the median follow-up time in these trials was 36.2 
months as the median OS from first-line chemotherapy has 
reached 30 months in recent years [7]. Last, treatment arms 
on maintenance therapy with a drug that was not used in the 
induction therapy, called the switch maintenance strategy, 
were excluded. This strategy is not common in patients with 
mCRC but has been proven effective in patients with lung 

Fig. 4.  Relationships between the predicted survival time and duration of induction therapy, and maintenance therapy regimen, with 
maintenance therapy rate of 100%: overall survival (A) and progression-free survival (B). CI, confidence interval; FP, fluoropyrimidine. 
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cancer [42].
In conclusion, the maintenance therapy regimen showed 

the strongest correlation with median OS, and the correlation 
between the OS and oxaliplatin reintroduction was weak.  
This meta-analysis suggests that in most patients with mCRC, 
the optimal maintenance strategy of oxaliplatin-containing 
therapy is an induction therapy of up to 17 weeks (approxi-
mately 4 months) followed by a maintenance therapy with 
FP plus bevacizumab. In patients with mild oxaliplatin- 
induced toxicities, the induction therapy should be contin-
ued for as long as possible, and FP or bevacizumab alone is 
adequate as maintenance therapy. Further randomized trials 
to study the duration of induction therapy and oxaliplatin 
reintroduction are needed.
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Introduction

The metabolic syndrome (MetSyn) is characterized by a 
clustering of medical conditions related to cardiovascular 
diseases and diabetes mellitus type 2, including central obe-
sity, hypertension, dyslipidemia, hyperglycemia and insulin 
resistance as well as other conditions such as proinflamma-
tory state and prothrombotic state [1-3]. Studies indicate that 
prolonged chronic stress, sedentary lifestyle, lipodystrophy, 
and unbalanced diets may confer an increased risk of MetSyn 
[1,3]. Some of these factors were also reported to be related to 
the colorectal carcinogenesis [4]. 

Recently, there is cumulating evidence that MetSyn with its 
hormonal and systemic effects could increase the susceptibil-
ity to various cancers [5-11]. Epidemiological studies show 

association of MetSyn and/or its components with elevated 
risk of cancer including colorectal cancer (CRC) [2,6,9,12,13], 
which is ranked as the third most common neoplasms and 
the fourth most deadly malignancy in the world according to 
GLOBOCAN [14-16]. Biological mechanism underlying this 
association had been explained as a number of ways such as 
the growth hormone deregulation, cellular crosstalk, and vas-
cular integrity factors [11,17-19].

To our knowledge, the effect of multi-morbidities of MetSyn 
on the prognosis of CRC patients has rarely been performed. 
In this study, we aimed to examine whether the mortality of 
CRC patients was impacted by co-diagnosis of MetSyn, with 
particular interests in exploring the single and collaborative 
effects of MetSyn components on death risk of CRC patients 
by sex. This will be able to aid in identifying individuals at 
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Purpose  The prevalence of multi-morbidities with colorectal cancer (CRC) is known to be increasing. Particularly prognosis of CRC 
patients co-diagnosed with metabolic syndrome (MetSyn) was largely unknown. We aimed to examine the death risk of CRC patients 
according to the multiple MetSyn morbidities.  
Materials and Methods  We identified CRC patients with MetSyn from the electronic medical records (EMR) systems in five independ-
ent hospitals during 2006-2011. Information on deaths was jointly retrieved from EMR, cause of death registry and chronic disease 
surveillance as well as study-specific questionnaire. Cox proportional hazards regression was used to calculate the overall and CRC-
specific hazards ratios (HR) comparing MetSyn CRC cohort with reference CRC cohort.   
Results  A total of 682 CRC patients in MetSyn CRC cohort were identified from 24 months before CRC diagnosis to 1 month after. 
During a median follow-up of 92 months, we totally observed 584 deaths from CRC, 245 being in MetSyn cohort and 339 in refer-
ence cohort. Overall, MetSyn CRC cohort had an elevated risk of CRC-specific mortality (HR, 1.49; 95% confidence interval [CI], 1.07 
to 1.90) and overall mortality (HR, 1.43; 95% CI, 1.09 to 1.84) compared to reference cohort after multiple adjustment. Stratified 
analyses showed higher mortality risk among women (HR, 1.87; 95% CI, 1.04 to 2.27) and specific components of MetSyn. Notably, 
the number of MetSyn components was observed to be significantly related to CRC prognosis.  
Conclusion  Our findings supported that multi-morbidities of MetSyn associated with elevated death risk after CRC. MetSyn should be 
considered as an integrated medical condition more than its components in CRC prognostic management. 
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risk and provide thoughts for clinical management and treat-
ment. 

Materials and Methods
 
1. Study population

This retrospective cohort study was conducted in five  
independent tertiary hospitals in China: Beijing Chao-Yang 
Hospital, Sichuan Cancer Institute/Hospital, the Affiliated 
Suzhou Science and Technology Town Hospital of Nanjing 
Medical University, the First Affiliated Hospital of Soochow 
University, and Harrison International Peace Hospital. We 
retrospectively reviewed the electronic medical records 
(EMR) of patients whose first diagnosis of cancer was CRC 
(International Classification of Diseases-10 [ICD-10] code 
C18-C20) from January 31, 2006 to December 31, 2011. All 
CRC cases were histologically confirmed and staging was 
assessed. Only participants aged between 35 and 79 was  
finally included. Patients co-diagnosed with any other can-
cers (ICD10: C00-C97 exclusive of C18-C20) and/or other 
severe diseases than MetSyn were excluded: (1) severe car-
diovascular disease (acutemyocardial infarction [ICD10: 
I21], heart failure [ICD10: I50]) and severe cerebrovascular 
diseases (ICD10: I60-I69) for their weakness; (2) dementia 

and severe mental disorders for not being able to provide the 
accurate answers when questionnaire were administered for 
their impaired memory (Fig. 1).

2. MetSyn CRC cohort
Any CRC patients with co-diagnosis of MetSyn from 24 

months before CRC diagnosis to 1 month after CRC diagno-
sis (presurgery) were identified and included in MetSyn CRC 
cohort. Based on the International Diabetes Federation (IDF) 
criteria and the criteria from the American Heart Asociation, 
definition of MetSyn was adapted to our data as the pres-
ence of abodominal obesity, supplemented by at least two 
of the following: clinical diagnosis of hypercholesterolaemia,  
hypertension and diabetes mellitus type 2. Abodominal obe-
sity (central obesity) was defined as waist circumstance: ≥ 90 
cm for men and ≥ 80 cm for women around 2 years before 
CRC diagnosis. 

3. Reference CRC cohort and propensity score matching 
Reference cohort was composed of CRC patients with no 

diagnosis of MetSyn. In order to mitigate the selection bias 
caused by co-diagnosis of MetSyn, multiple logistic regres-
sion analyses were used to control for the remaining imbal-
ance due to the confounding difference between MetSyn 
CRC cohort and reference cohort by performing propensity 

Fig. 1.  Flow diagram of study participants. CRC, colorectal cancer; MetSyn, metabolic syndrome; PSM, propensity score matching. 

Incident CRC cases aged 35-79 years diagnosed
between 2006 and 2011 (n=11,974)

MetSyn CRC cohort
Co-diagnosis with Metsyn from 24
months before CRC diagnosis to 

1 month after (n=682) 

Reference CRC cohort
Selected from the same hospital at the
same period and matched to the cases

by PSM at a ratio of 2:1 (n=1,364) 

Ending point of follow-up
CRC death (n=245)/overall death (n=402),

censored, or the end of 2016,
whichever comes first

Ending point of follow-up
CRC death (n=339)/overall death (n=586),

censored, or the end of 2016,
whichever comes first

Exclusion of patients co-diagnosed with 
any other cancers and/or other severe 

diseases than MetSyn (n=2,031)Exclusion of 
(I) CRC cases who cannot be matched as

reference CRC cohort and
(II) Surplus CRC cases after 2:1 matching

according to PSM (n=7,897) 
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score matching. Controls were first selected from the same 
hospital as the case was diagnosed during the same period 
for all five hospitals and further matched to the cases at a 
ratio of 2:1. Based on a multiple conditional logistic regres-
sion model including covariates age, sex, year at diagnosis, 
education achievement, stage at diagnosis, and site of CRC, 
the propensity score that was the probability of MetSyn of an 
individual conditional on a serial of observed demographic 

and clinical characteristics was calculated and we selected to 
use nearest neighbor propensity scores matching. Reference 
cohort was matched to cases with the minimum difference in 
propensity score.

4. Data collection and interview
1) Sources of data
Causes of death have been accessed by using the following 

Cancer Res Treat. 2021;53(3):714-723

Table 1.  Characteristics of MetSyn CRC cohort and reference CRC cohort by propensity score matched controls  

Characteristic MetSyn CRC cohort Reference CRC cohort p-value

Total 682 (100) 1,364 (100)
Demographic and clinicopathological characterristics    
    Age at CRC diagnosis (yr)    
        < 50 81 (11.9) 199 (14.6) 0.264
        50-59 190 (27.9) 344 (25.2) 
        60-69 294 (43.1) 604 (44.3) 
        ≥ 70 117 (17.1) 217 (15.9) 
        Median age (yr) 59 ( 60 ( 
    Sex    
        Men 361 (52.9) 771 (56.5) 0.142
        Women 321 (47.1) 593 (43.5) 
    Year at diagnosis    
        2006-2007 216 (31.6) 463 (33.9) 0.581
        2008-2009 228 (33.5) 436 (32.0) 
        2010-2011 238 (34.9) 465 (34.1) 
    Highest education achievement     
        Compulsory school 276 (40.5) 577 (42.3) 0.392
        Secondary school 298 (43.7) 602 (44.1)  
        University and above  108 (15.8) 185 (13.6) 
    Stage at diagnosis    
        Ⅰ 93 (13.6) 153 (11.2) 0.313
        Ⅱ 245 (35.9) 477 (35.0) 
        Ⅲ 213 (31.3) 442 (32.4) 
        Ⅳ 131 (19.2) 292 (21.4) 
    Site of colorectal cancer    
        Colon 369 (54.1) 735 (53.9) 0.887
        Rectum 313 (45.9) 629 (46.1) 
Treatment information    
    Neo-adjuvant chemotherapy    
        Yes 236 (34.6) 503 (36.9) 0.313
        No 446 (65.4) 861 (62.1) 
    Radiotherapy    
        Yes 545 (79.9) 1,062 (77.9) 0.286
        No 137 (20.1) 302 (22.1) 
    Immunotherapy    
        Yes 104 (15.3) 176 (12.9) 0.146
        No 578 (84.7) 1,188 (87.1) 
 Values are presented as number (%). The propensity score was constructed for each participants according to the following covariates: age, 
sex, year at diagnosis, education achievement, stage at diagnosis, and site of colorectal cancer. CRC, colorectal cancer; MetSyn, metabolic 
syndrome.  
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ways in combination: cause of death reporting system from 
Centre for Disease Control and Prevention (CDC) in each 
region; EMR system in hospitals; death certificate; maternal 
and child surveillance system; cancer registry data. Informa-
tion of patients that was still unavailable by combining ways 
above was collected by phone interview and these patient 
comprised less than 5% of all. 

In addition, demographic and clinical characteristics were 
collected by a combined retrieval of medical records and oth-
er above-mentioned data sources, supplemented by a survey 
using a structured questionnaire. The questionnaires were 
administered by trained interviewers. A pre-designed and 
validated questionnaire was used to collect information on 
related factors. Body weight at various stages were collected 
by questionnaire for time of diagnosis of CRC, 2 years before 
CRC diagnosis and 7 years before CRC diagnosis. 

2) Study outcomes
We identified all CRC patients who died during January 

2006 to December 2016 to make sure that each participants in 
the entire cohorts had at least five years of follow-up. Prima-
ry outcome was defined as death due to CRC (ICD-10 code 
C18-C20) and the secondary outcome was death from all the 
causes (ICD-10 code A00-Z99).

 
5. Statistical analyses

The Kaplan-Meier (K-M) model was used to calculate the 
probability of CRC-specific survival (CSS) and the probabil-
ity of overall survival (OS) as a function of time. The differ-
ences between the K-M curves were tested for significance 
by the log-rank test. Cox PH regression was used to estimate 
hazard ratios (HR) and its 95% confidence interval (CI) for 
CRC mortality and overall mortality, controlling for poten-
tial confounding mainly from the selected demographic and 
clinical characteristics. Covariates adjusted in the model 
included: sex, age at diagnosis of CRC, year at diagnosis of 
CRC, highest education achievement, stage of CRC (I to IV), 
site of CRC, research centres. Both the MetSyn cohort and the 
reference cohort were followed from the date of CRC diagno-
sis until the earliest death, loss of follow-up, or the end of the 
study (December 31, 2016), whichever comes first. In addi-
tion, we used receiver operating characteristics (ROC) curve 
to predict the most dominant MetSyn morbidity in CRC  
patients, by comparing the higher area under the curves 
(AUC) for individual component and also different combi-
nations of the MetSyn.

The K-M survival curves were drawn using the MedCalc 
software (MedCalc Software bvba, Ostend, Flanders, Bel-
gium). All other analyses were performed using the SAS 
statistical package ver. 9.3 (SAS Institute Inc., Cary, NC). All 
p-values were based on two-sided tests, with the statistical 

significance level set to 0.05. 

Results

In this study, MetSyn cohort composed of 682 CRC pati-
ents with co-diagnosis of MetSyn were identified from five 
tertiary hospitals during July 2006 through December 2011 
and matched to the comparison cohort by propensity score 
matching at a ratio of 1:2. Table 1 shows the main demo-
graphic and clinical characteristics as well as treatment  
information for both MetSyn CRC cohort and reference CRC  
cohort. CRC were relatively more likely to be observed 
among men, those with no university education, and at the 
age of 60-69 as well as at the middle staging and at the site 
of colon. In general, patients in MetSyn cohort was propor-
tionate to those in reference cohort according to categories 
of main covariates (p > 0.05). At the end of the follow-up, 
number of CRC patients who underwent radical resection 
were 559 (82%) and 1,146 (84%) among MetSyn and refer-
ence cohort, respectively. Patients with first diagnosis of dia-
betes, hypertension, hypercholesterolaemia, and overweight  
accounted for 23%, 30%, 26%, and 21% among MetSyn  
cohorts, respectively. Meanwhile, patients with 1, 2, and over 
3 components of MetSyn were 437, 211, and 34. 

After a mean of 7 years and 4,706 accumulated person-
years of follow-up, we totally observed 402 deaths in the 
MetSyn cohort, among which 245 died of CRC diagnosis. 
Comparatively, there were a mean of 7.5 years and 10,094 
person-years accumulated during the follow-up for the refer-
ence cohort. The overall mortality rate was 8.96 per 1,000 per-
son-years in the MetSyn cohort compared to 6.10 per 1,000 
person-years in the comparison cohort, and the CRC mortal-
ity rate was 5.47 per 1,000 person-years in the MetSyn cohort 
compared to 3.52 per 1,000 person-years in the comparison 
cohort (Table 2). Consequently, co-diagnosis with MetSyn 
for CRC patients was associated with an elevated HR of 1.49 
(95% CI, 1.07 to 1.90) for CRC death and 1.43 (95% CI, 1.09 
to 1.84) for overall death. K-M survival curves based on the 
MetSyn  groups were performed for CRC survival (Fig. 2A) 
and OS (Fig. 2B).

The association was further stratified by age at diagnosis of 
CRC, sex, site of diagnosis, and staging of cancer. The incre-
ment of mortality risk was observed to be more prominent 
among women, cancer diagnosed in colon, and those in stage 
III and IV. Some of the insignificant results could be partially 
due to the reduced number of cases due to stratification. 

As shown in Table 3, we accessed how the component/
number of MetSyn multi-morbidities impact the mortality 
risk of CRC patients. Although the number of CRC patients 
reduced due to the stratified analyses, we still observed a se-



ries of significant mortality risk elevation. Sex played a mark-
edly modifying effect on this observed association, that is, 
increment of CRC mortality for hypertension (HR, 1.63; 95% 
CI, 1.15 to 2.20) and hypercholesterolaemia (HR, 1.40; 95% 
CI, 1.19 to 1.88) in women versus diabetes (HR, 1.42; 95% CI, 
1.01 to 2.25) in men with regard to CRC-specific mortality. 
The significant impact of overweight on the CRC mortality 
was not observed for both sexes in this study. Notably, we 
observed that number of MetSyn components was associ-
ated with mortality for both sex (p < 0.01): the more number 
of MetSyn components, the higher mortality risk from both 
CRC death and all causes of deaths. 

The predictive ability for cause-specific survival and OS 
of CRC cases of MetSyn components and their combinations 
using ROC curves were assessed by comparing the differ-
ence of AUC. A moderate predictive ability were observed 
with AUCs ranging from above 55% to below 68%. As for 
the specific component of MetSyn, the highest AUC was  
observed for hypercholesterolaemia (64% for CRC death, 
61% for overall death) and the lowest AUC was noted for 
overweight (55% for CRC death, 57% for overall death). Si-
multaneously, the relatively higher predictive ability of death 
risk occurred among CRC patients with any 2 combinations 
(63%-68%) than others.

Discussion

In this multicentre retrospective cohort study, we totally 
identified 682 CRC patients with diagnosis of MetSyn and 
our findings demonstrated a 49% increment in CRC-specific 
mortality and a 43% increment in overall mortality compar-
ing MetSyn CRC cohort with reference CRC cohort after pro-
pensity score matching. Further, elevation of mortality risk 

was observed to be more prominent among women, patients 
with cancer in the site of colon and those diagnosed at later 
stage. Although mortality risk of CRC patients varied by 
components of MetSyn and sex, we consistently observed 
that the more MetSyn components were co-diagnosed with 
CRC patients, the higher mortality risk was.

Our findings that death risk for CRC patients with mul-
tiple diagnoses of MetSyn components was always higher 
than those with single component showed that MetSyn 
should be treated as an integrated medical condition rather 
than its parts as for its impact on CRC prognosis. Obser-
vational studies found that male could be a risk factor for 
increased CRC risk. However, our study observed that  
female was associated with unfavorable CRC prognosis. 
More recently, MetSyn has been correlated with a number 
of cancers [9,12,20-22]. Epidemiological studies reported 
that there could be sex-based discrepancy for the associa-
tion of MetSyn with common cancer such as CRC [10]. To 
our knowledge, the biological mechanisms underlying the  
female unfavorable prognosis among MetSyn CRC patients 
remain still unclear. Biological links between MetSyn and 
cancer risk had been involved as many as factors and signal-
ing pathways described in deregulation of cytokine produc-
tion, chronic inflammatory state, insulin-like growth factor 
system, and hormones and proinflammatory cytokines, 
among which hormone-related factors and signaling path-
ways were thought to be partially interpreted the high mor-
tality risk observed among female CRC patients co-diag-
nosed with MetSyn [11].

The present study has a number of strengths. First, co-dia-
gnosis of MetSyn with CRC during a 2-year period is rela-
tively uncommon. Multicentre design with propensity score 
design increased sample size to acquire a better power and 
reduce the potential bias by better balancing the baseline 

Cancer Res Treat. 2021;53(3):714-723

Fig. 2.  (A) Probability of cause-specific survival of colorectal cancer (CRC) patients co-diagnosed with metabolic syndrome (MetSyn) in 
comparison with CRC patients without MetSyn diagnosis. (B) Probability of overall survival of CRC patients co-diagnosed with MetSyn 
in comparison with CRC patients without MetSyn diagnosis.
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characteristics between MetSyn CRC cohort and comparison 
CRC cohort. Second, definition of MetSyn was adapted to 
our study by combining several international criteria and 
the emphasis was put on the mechanism of colorectal car-
cinogenesis. Third, the follow-up for any study subjects was 
at least 5-year, which makes sure most of the mortality was 
observed during the study. In addition, multiple sources of 
outcome acquirement ensured the completeness of the data. 
However, limitations do exist for this study. One could be 
that lack of covariate information at individual level such 
as medications hindered the related analyses. However, the 
multiple matching could minimize the discrepancy from the 
major covariates. Additionally, central abodominal obesity is 
the necessary criteria to be included into the MetSyn cohort 
in our study and development of CRC could cause weight 
loss. While we did not find weight differences between  
cohorts at time of diagnosis of CRC, 2 years before CRC  
diagnosis and 7 years before CRC diagnosis (p > 0.05). Also, 
there is no internationally agreed definition for the MetSyn 
so far. In the present study, we adopted from both the IDF 
criteria and the criteria from the American Heart Asocia-
tion as a working definition to better service our study pur-
pose. However there are more MetSyn components could 
be included according to other criteria such as the  National 
Cholesterol Education Program Adult Treatment Panel III 
(NCEP-ATPIII), Blood and Lung Institute (AHA/NHBLI) or 
the WHO criterion [23]. The absence of other MetSyn com-
ponents for example proinflammatory and prothrombotic 
states impeded to explore their impacts on CRC prognosis.

So far, there are a number of studies having examined the 
association of MetSyn with risk of CRC [2,9,12,13]. Claudio et 
al. [2] investigated the association of CRC risk with MetSyn 
components in Italy and Switzerland based on a multicen-
tre case-control design. They found significant association  
between CRC risk and previous diagnosis of hypertension 
(OR, 1.24; 95% CI, 1.03 to 1.48) or hypercholesterolemia (OR, 
1.26; 95% CI, 1.08 to 1.48) for men while significant associa-
tion was not observed for women. Hypertension had been  
reported to be related to DNA repair synthesis and carcino-
gen uptake [24]. We could not find other previous studies 
specifically designed for investigating the biological mecha-
nism of hypertension in CRC prognosis and plausible bio-
logical mechanism need to investigate in the future study. 
Recently, one study had indicated that hypercholesterolemia 
increased CRC incidence by reducing production of NKT 
and γδ T cells from hematopoietic stem cells, which may 
partially interpret the unfavorable survival of CRC patients 
with co-diagnosis of hypercholesterolaemia [25]. Associa-
tion with prognosis was not performed in this study. An-
other study [13] aimed to assess the risk of CRC with type 2 
diabetes based on a matched cohort design at a ratio of 1:1. 

Authors observed that type 2 diabetes associated with 1.3 
times of CRC risk increment (HR, 1.26; 95% CI, 1.18 to 1.33). 
Longer duration of obesity was associated with CRC risk. In 
Me-Can (Metabolic Syndrome and Cancer) project [12], au-
thors found increased CRC risk in men (HR, 1.25; 95% CI, 
1.18 to 1.32) and in women (HR, 1.14; 95% CI, 1.06 to 1.22) 
with diagnosis of MetSyn after a mean follow-up of 12 years 
among 580,000 men and women. Furthermore, significant 
association was observed for body mass index (BMI; rela-
tive risk [RR], 1.07; 95% CI, 1.02 to 1.13), blood pressure (RR, 
1.10; 95% CI, 1.02 to 1.18) and triglycerides (RR, 1.17; 95% CI, 
1.06 to 1.28) in men as well as for BMI (RR, 1.08; 95% CI, 1.01 
to 1.15) in women. Combination of metabolic factors was  
related to a higher risk of CRC.

Yet, there were few data on the association of prognosis 
of CRC and MetSyn so far. A hospital-based retrospective  
cohort conducted in Kaiser Permanente in United States [26] 
had investigated the impact of MetSyn and obesity on sur-
vival among CRC patients diagnosed at early stage. They 
found that obese patients with MetSyn had been related to 
both a worse OS (HR, 1.45; 95% CI, 1.12 to 1.82) and a worse 
CSS (HR, 1.49; 95% CI, 1.09 to 2.02) compared to non-obese 
patients without MetSyn. Obesity or MetSyn alone, however, 
did not decrease survival rate. A study conducted in China 
[27] which aimed to investigate the effect of preoperative 
MetSyn on CRC mortality for patients after a radical resec-
tion observed a significant shorter survival time for CRC pati- 
ents with MetSyn compared to those with no MetSyn (50.9 
months vs. 170.3 months, p < 0.01) after a median follow-
up of 58.6 months, particularly for patients with diagnosis 
of hyperglycemia (44.4 months vs. 170.3 months, p < 0.01). 
The magnitude of the association was more prominent for 
CRC patients diagnosed at stage I/II (HR, 3.94; 95% CI, 2.65 
to 5.85) and invasion depth T1/T2 (HR, 5.41; 95% CI, 2.54 to 
11.50).

Although the elevated CRC risk was more prominent 
among men than women, increased mortality risk for CRC 
patients was more eminent among women in our study.  
The unfavorable prognosis noted among colon cancer, not 
rectum, may reflect the later diagnosis of colon cancer than 
rectum cancer since the clinical symptom of rectum cancer 
usually urge the patients to look for clinical counselling.  
Inconsistent results between studies could be caused by a 
number of reasons. First, variation of MetSyn definitions 
could hinder the direct comparability of the results to some 
extents, whereas the impacts of specific MetSyn component 
on the CRC mortality were basically consistent in different 
studies. We, here, combined the definition from both IDF cri-
teria [3] and ATPIII from The American Heart Association [1] 
to better adapt the data to the shared metabolic basis of Met-
Syn and CRC proposed. Second, hospital-based cohort study 
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Introduction

Capecitabine, a widely used chemotherapeutic agent, is  
approved for the treatment of various malignancies, espe-
cially for colorectal cancer (CRC) [1]. In recent years, mainte-
nance treatment with capecitabine monotherapy or in combi-
nation with other chemotherapy has demonstrated favorable 
clinical benefit [2-4]. Although capecitabine is considered as 
a targeted intratumoral release of 5-fluorouracil which can 
reduce systemic toxicity in healthy tissues [5], the incidence 
of the cutaneous side effect, hand-foot syndrome (HFS), is 
exceptionally high (42% to 73.4%) in patients who treated 
with capecitabine-based chemotherapy [6,7]. The occurrence 
of HFS is a serious drawback that limits the long-term clini-
cal use of capecitabine. HFS is characterized by erythema, 
edema, blisters, and peeling of the palms and soles. Most of 
the patients with moderate to severe (grade 2-3) HFS not only 

have skin damage but also suffer from pains that limit their 
daily activities, which leads to treatment interruptions and 
dosage reductions and consequentially hinders treatment 
compliance and adversely impacts survival outcomes. Addi-
tionally, it also reduces the quality of life of the patients and 
increases the risks of infections.

The main intracellular target enzyme for capecitabine 
is thymidylate synthase (TYMS) [8]. TYMS is an essential  
enzyme to provide the sole intracellular source of de novo 
dTMP and maintain the in vivo dTMP pool for DNA repli-
cation. Capecitabine, after in vivo metabolic conversion to 
5-FdUMP, inhibits the TYMS catalytic activity of conver-
sion dUMP to dTMP by competing with dUMP and form-
ing stable ternary complexes with TYMS and 5,10-methyl-
enetetrahydrofolate (5,10-CH2THF), leads to the imbalance 
of intracellular deoxynucleotide (dNTP) pools, resulting in 
the disruption of DNA replication and cell death [9]. TYMS 
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affects the cytotoxicity of capecitabine not only in tumors 
but also in healthy tissues. So, TYMS is considered to be a 
key gene that could influence capecitabine-induced toxicity.  
Indeed, recent randomized clinical trial found that higher 
folate level, which enhanced TYMS inhibition, was associated 
with increased risk of capecitabine-induced HFS (CAP-HFS) 
in Asian populations [10]. These findings evince that TYMS 
may play a pivotal role in the development of CAP-HFS. 
TYMS has been investigated to assess its potential role as 
the biomarkers for CAP-HFS by previous pharmacogenet-
ics studies. Of particular interests are TYMS 5′-untranslated 
region (UTR) tandem 28bp-repeat 2R or 3R (rs34743033) 
and 3′-UTR ins6 or del6 (rs11280056), two variants known to  
influence TYMS expression [11,12], while the associations  
between these variants and CAP-HFS have been inconsistent. 
A handful of studies have examined other single-nucleotide 
polymorphisms (SNPs) in TYMS as candidates [13-15] but 
few of which have been identified to be associated with HFS. 
And most of the previous studies were conducted in Cauca-
sian populations. Up till now, there is only limited evidence 
about genetic predictors in TYMS of CAP-HFS, especially in 
East Asian population.

We therefore performed a retrospective case-control study 
and sequenced the entire gene regions of TYMS in 288 Chi-
nese CRC patients with HFS extreme phenotype to identify 
susceptibility loci associated with CAP-HFS which may pro-
vide hints to clinical prediction and preventive of HFS, and 
further elucidate the underlying mechanism of HFS.

Materials and Methods
 
1. Patients

All patients for the study of HFS were enrolled at the Sun 
Yat-sen University Cancer Center (SYSUCC) from January 
2003 to September 2017. The inclusion criteria are as follows: 
(1) pathologically confirmed diagnosis of CRC; (2) treated by 
capecitabine-based chemotherapy, (3) had complete medical 
records information, (4) aged ≥ 18 years old. Before receiv-
ing the capecitabine-based chemotherapy, patients who have 
hands and/or feet with pain, paresthesia, needles, impaired 
skin, or any other symptoms interfered with the diagnosis 
of HFS were excluded. Capecitabine was orally at 800 mg/
m2 to 1,250 mg/m2 twice daily (rounded to the nearest dose 
comprising 150 mg and 500 mg tablets) for the first 2 weeks 
followed by a 1-week rest in a three-weekly cycle. Dose mod-
ifications of capecitabine was as follows. The dose of capecit-
abine reduced to 75% of the starting dose for any grade 3 
adverse event. The chemotherapy was discontinued when 
any grade 4 or higher adverse event was observed. 

2. Phenotype assessment
HFS were graded according to the National Cancer Insti-

tute’s (NCI’s) Common Terminology Criteria for Adverse 
Events v3.0. HFS extreme cases (Ex-cases) and extreme con-
trols (Ex-controls) were selected using an extreme phenotype 
design to compare severe or early-onset HFS patients to 
those with no reported HFS. Ex-cases were defined as those 
having grade 3 HFS or having grade 2 HFS event during the 
first two treatment cycles (early-onset). According to these 
criteria 144 Ex-cases were enrolled. Ex-controls were defined 
as the patients who (1) had no HFS, (2) had completed at 
least six cycles of the capecitabine-based chemotherapy treat-
ment, (3) received capecitabine-based chemotherapy without 
interruptions by other adverse events, (4) did not have dose 
change of capecitabine by other reasons during the treat-
ment. Finally, 144 Ex-cases were enrolled, and 144 from the 
total 583 Ex-controls were randomly selected and matched 
to the Ex-cases by gender and the age at capecitabine-based 
chemotherapy (within 5 years). 

3. Sequencing of TYMS
Genomic DNA was extracted from the peripheral blood 

mononuclear cells using a commercial DNA extraction kit 
(Qiagen, Valencia, CA) and quantified with PicoGreen rea-
gent (Invitrogen, Carlsbad, CA).

Sanger sequencing of the coding regions (7 exons) of TYMS 
and the 5’- and 3’-UTR was performed in this study. We used 
primer3 v. 4.0 [16] to design polymerase chain reaction (PCR) 
primers for seven exons and 5’-, 3’-UTR of TYMS (7 ampli-
cons). The sequences of PCR primers are shown in S1 Table. 
PCR was used to amplify the fragments. The genotypes were 
confirmed using Sanger sequencing. DNAStar software were 
used to manually examined for variants. The reference of 
TYMS sequence was obtained from the GenBank database 
(NG_028255.1).

4. Statistical analyses
The demographics and clinical characteristics were col-

lected and statistical analyses were performed in R 3.2.0 
(R Foundation for Statistical Computing, Vienna, Austria). 
Wilcoxon-Mann-Whitney test and logistic regression model 
were used in statistical analysis. Variables that reached sta-
tistical significance (p < 0.05) by univariate analysis were 
included for backward stepwise multivariate logistic regres-
sion. Those with p < 0.05 were adjusted as covariates. Asso-
ciations between genotypes and HFS risk were performed 
by PLINK v1.9 [17] using logistic regression under an addi-
tive model adjusted for independently associated covariates 
(capecitabine-based chemotherapy regimen, primary tumor 
surgery, and previous fluorouracil-based chemotherapy). 
Odds ratios (ORs) and 95% confidence intervals (CIs) of 
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the variants were estimated using PLINK v1.9. Haploview 
v. 4.1 [18] was used to calculate the linkage disequilibrium 
(LD) between the variants. Multivariable logistic regression 
was used to predict a risk model for CAP-HFS including the 

variants in TYMS that were significantly associated with 
CAP-HFS. According to predicted values of the risk model, 
patients were classified by quintiles. Logistic regression was 
used to estimate the ORs with the first quintile risk score 

Cancer Res Treat. 2021;53(3):724-732

Table 1.  Demographics and clinical characteristics of patients

                                  No. of patients (%)

Characteristic Ex-case Ex-control ORa) (95% CI) p-valuea) 
ORb)

adjusted pb)
adjusted

 (n=144) (n=144)   
(95% CI)

Agec)

    ≤ 40 13 (9.0) 12 (8.3) 1.00 (reference) - - -
    41-50 22 (15.3) 23 (16.0) 0.88 (0.33-2.35) 0.803 - -
    51-60 55 (38.2) 48 (33.3) 1.06 (0.44-2.54)  0.900 - -
    > 60 54 (37.5) 61 (42.4) 0.82 (0.34-1.94) 0.648 - -
Sex     
    Male 90 (62.5) 90 (62.5) 1.00 (reference) - - -
    Female 54 (37.5) 54 (37.5) 1.00 (0.62-1.61) 1.000 - -
AJCC stage    
    Stage I-II 33 (22.9) 41 (28.5) 1.00 (reference) - - -
    Stage III-IV 111 (77.1) 103 (71.5) 1.34 (0.79-2.28) 0.281 - -
Primary cancer site    
    Colon 80 (55.6) 84 (58.3) 1.00 (reference) - - - 
    Rectal 64 (44.4) 60 (41.7) 1.12 (0.70-1.79) 0.634 - -
BSAd)     
    Median (range)  1.65 (1.2-2.1) 1.63 (1.2-2.2)  0.683 - -
Histologic appearance      
    Poorly differentiated  35 (24.3) 28 (19.4) 1.00 (reference) - - -
    Moderately differentiated  99 (68.8) 102 (70.8) 0.78 (0.44-1.37) 0.383 - -
    Well differentiated  3 (2.1) 1 (0.7) 2.40 (0.24-24.35) 0.459 - -
    Others 7 (4.9) 13 (9.0) 0.43 (0.15-1.22) 0.114 - -
Primary tumor surgery      
    None 22 (15.3) 5 (3.5) 1.00 (reference) - 1.00 (reference) -
    Yes 122 (84.7) 139 (96.5) 0.20 (0.07-0.50) 0.002 0.15 (0.04-0.40) < 0.001
Starting capecitabine dose 
  (mg/m2 twice daily)       
    ≤ 800 4 (2.8) 6 (4.2) 1.00 (reference) - 1.00 (reference) -
    801-900 25 (17.4) 18 (12.5) 2.08 (0.51-8.47) 0.305 1.64 (0.37-7.99) 0.523
    901-1,000 64 (44.4) 92 (63.9) 1.04 (0.28-3.85) 0.949 0.82 (0.21-3.65) 0.787
    1,001-1,100 32 (22.2) 23 (16.0) 2.09 (0.53-8.25) 0.294 1.40 (0.32-6.64) 0.658
    > 1,100 19 (13.2) 5 (3.5) 5.70 (1.15-28.33) 0.033 2.10 (0.36-13.65) 0.421
Chemotherapy regimens    
    Capecitabine monotherapy 63 (43.8) 12 (8.3) 1.00 (reference) -  1.00 (reference) - 
    XELOXe) 81 (56.3) 132 (91.7) 0.12 (0.06-0.22) < 0.001 0.13 (0.06-0.27) < 0.001
Concurrent chemoradiotherapy    
    None 132 (91.7) 127 (88.2) 1.00 (reference) -  - -
    Yes 12 (8.3) 17 (11.8) 1.78 (0.69-4.91) 0.241 - -
Previous fluorouracil-based       
  chemotherapy    
    None 106 (73.6) 127 (88.2) 1.00 (reference) - 1.00 (reference) -
    Yes 38 (26.4) 17 (11.8) 2.68 (1.45-5.12) 0.002 2.50 (1.22-5.23) 0.013
(Continued to the next page)
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group as reference. p < 0.05 was considered significant and 
all statistical tests were two-sided.

5. In silico analysis
Genotype-Tissue Expression project (GTEx) database relea-

se V8 (http://www.broadinstitute.org/gtex/), RegulomeDB 
v1.1 [19] and HaploReg v4.1 [20] were used to characterize 
the potential functions of the SNPs.

6. Data availability
The sequencing data of the coding regions (7 exons) 

of TYMS of the patients in this study can be accessed at  
National Genomics Data Center database (accession number: 
HRA-000140; https://bigd.big.ac.cn/gsa-human/s/KFyTE-
MhE). The raw data of this article have been uploaded to 
the Research Data Deposit (RDD) with an RDD number of 
RDDA2020001731.

Results

1. Demographics and clinical characteristics
A total of 288 CRC patients are included in the study, con-

sisting of 144 HFS Ex-cases and 144 HFS Ex-controls. Their 
clinical characteristics are shown in Table 1. The median age 
at capecitabine-based chemotherapy was 59 years (range, 27 
to 83 years), and 108 patients (37.5%) were female. The HFS 
Ex-cases included 73 (50.7%) patients with grade 3 HFS and 
71 (49.3%) early-onset (first 2 cycles) patients with grade 2 
HFS. The average cycles of capecitabine-based chemother-
apy to the HFS Ex-controls was 7.1. Median starting dose 
of capecitabine in Ex-cases and Ex-controls was 978.3 mg/
m2 twice daily and 949.4 mg/m2 twice daily, separately. 
The variable of chemotherapy regimens was dichotomized 
to capecitabine monotherapy and capecitabine plus oxali-

platin (XELOX). In total, 26.0% (n=75) of the patients were 
treated with capecitabine monotherapy and 74.0% (n=213) 
of the patients received XELOX chemotherapy regimen. In 
this case-control study, we found that CRC patients treated 
with XELOX or had received primary tumor surgery before 
capecitabine-based treatment showed a lower risk to devel-
op HFS (OR, 0.12; 95% CI, 0.06 to 0.22; p < 0.001 and OR, 0.20; 
95% CI, 0.07 to 0.50; p=0.002). Additionally, patients who had 
previously received fluorouracil-based chemotherapy treat-
ment were more likely to develop HFS (OR, 2.68; 95% CI, 
1.45 to 5.12; p=0.002). Multivariate logistic regression showed 
that XELOX regimen, previously received fluorouracil-based 
chemotherapy treatment and received primary tumor sur-
gery before capecitabine-based treatment were independ-
ent influencing factors for HFS. So in the subsequent genetic  
association analysis, they were adjusted for as covariates. To 
further explore the potential non-genetic factors, cigarette 
smoking, regular alcohol drinking and chronic diseases such 
as cardiovascular disease and diabetes were also concluded, 
none of them showed an association with CAP-HFS (S2  
Table).

2. Associations of new variants in TYMS with CAP-HFS
Genetic variants identified by sequencing the coding  

regions of TYMS in 144 Ex-cases and 144 Ex-controls were 
tested for the association with severe or early-onset HFS. A 
novel mutation (c.1A>G, chr18:657743) at the start codon in 
exon1 of TYMS was detected in an Ex-case who experienced 
grade 3 HFS during the first cycle of treatment (S3 Fig). The 
only carrier of this mutation was a 68-year-old male, who 
was diagnosed with rectal adenocarcinoma moderately dif-
ferentiated. The disease stage reported was T3N2M0; World 
Health Organization (WHO) stage III. The patient received 
capecitabine monotherapy as adjuvant chemotherapy with a 
body surface area of 1.76 m2, the dosage was 2,000 mg (about 

Table 1.  Continued

                                  No. of patients (%)

Characteristic Ex-case Ex-control ORa) (95% CI) p-valuea) 
ORb)

adjusted pb)
adjusted

 (n=144) (n=144)   
(95% CI)

HFS prevention strategy      
    None 92 (63.9) 101 (70.1) 1.00 (reference) - 1.00 (reference) -
    Pyridoxine 27 (18.8) 27 (18.8) 1.10 (0.60-2.01) 0.762 0.75 (0.34-1.59) 0.462
    Celecoxib 13 (9.0) 5 (3.5) 2.85 (0.98-8.32) 0.055 1.94 (0.56-7.23) 0.303
    Pyridoxine plus celecoxib 12 (8.3) 11 (7.6) 1.20 (0.50-2.85) 0.683 1.30 (0.47-3.54) 0.605
AJCC, American Joint Committee on Cancer; BSA, body surface area; CI, confidence interval; HFS, hand-foot syndrome; OR, odds ratio.  
a)p-value and OR and 95% CI were calculated by univariate logistic model, b)padjusted and ORadjusted and 95% CI were calculated by multivari-
ate logistic model using variables including primary tumor surgery, starting capecitabine dose group, chemotherapy regimens, previous 
fluorouracil-based chemotherapy and HFS prevention strategy, c)Age at capecitabine-based chemotherapy, years, d)BSA was calculated by 
Wilcoxon-Mann-Whitney test, e)Capecitabine plus oxaliplatin. 



1,136 mg/m2) twice a day. He had to receive interruption 
of chemotherapy because of developing grade 3 HFS until  
resolved to grade 1 or below, and then received a 25% dosage 
reduction of capecitabine to continue the chemotherapy.

By association analysis, we found five variants that were 
significantly associated with HFS (Table 2). rs3786362, a syn-
onymous variant with Regulome DB score 2b in the third 
exon region of TYMS, was associated with HFS (OR, 0.38; 
95% CI, 0.21 to 0.70; p=1.89×10–3). We also found that carriers 
with G allele of rs2790 had lower risk of developing grade 
2-3 HFS (OR, 0.58; 95% CI, 0.39 to 0.87; p=8.80×10–3). In addi-
tion, the 28 bp repeat polymorphisms rs34743033 (OR, 1.91; 

95% CI, 1.16 to 3.16; p=1.12×10–2) in the 5’-UTR region and 
the 6bp ins-del polymorphisms rs11280056 (OR, 2.12; 95% CI, 
1.39 to 3.24; p=4.62×10–4) in the 3’-UTR of the TYMS were 
detected. rs699517 with Regulome DB score 1f is in complete 
LD with rs11280056 (r2=1) and has a similar result. Except 
for this pair of variants, the rest showed moderate LD (Fig. 
1). We further found that the associations between rs699517, 
rs2790, and rs11280056 (3’-UTR 6-bp ins-del) with CAP-HFS 
were slightly stronger in the subgroup with grade 3 HFS  
Ex-cases (n=73) and all Ex-controls (S4 Table). The frequency 
distribution of carrying a number of these significant vari-
ants identified by association analysis are shown in S5 Fig.
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Table 2.  The significant variants in TYMS exons associated with CAP-HFS

SNP Minor allele MAF                                          
Genotype  

OR (95% CI) p-value
   Ex-case (n=144) Ex-control (n=144)

rs34743033 2R 0.18 7/52/85 4/31/109 1.91 (1.16-3.16) 1.12×10–2

rs3786362 G 0.14 1/29/114 3/47/94 0.38 (0.21-0.70) 1.89×10–3

rs699517 C 0.31 19/71/54 10/48/86 2.12 (1.39-3.24) 4.62×10–4

rs2790 G 0.34 10/61/73 23/64/57 0.58 (0.39-0.87) 8.80×10–3

rs11280056 6-bp insertion 0.31 19/71/54 10/48/86 2.12 (1.39-3.24) 4.62×10–4

CAP-HFS, capecitabine-induced hand-foot syndrome; CI, confidence interval; Ex-case, extreme case; Ex-control, extreme control; MAF, 
minor allele frequency; OR, odds ratio; SNP, single-nucleotide polymorphism.

Fig. 1.  Diagram of the location and linkage disequilibrium (LD) of variants in the TYMS region associated with capecitabine-induced 
hand-foot syndrome (CAP-HFS). It shows the location of the seven exons (blue boxes), the 5’-untranslated region (UTR) and 3’-UTR (white 
boxes) and six polymorphisms associated with CAP-HFS, in our study. The novel mutation detected in a HFS extreme cases is represented 
by a red diamond. The LD plot was performed by Haploview v. 4.1.
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3. The prediction model of CAP-HFS
According to the risk model predicted values, patients 

were classified into five risk groups by quintiles. It showed 
a linear trend in the odds of CAP-HFS risk groups across 
the quintiles (S6 Fig.). S7 Table showed the ORs for the risk 
prediction groups, comparing the risk predicted score of  
patients in the high quintiles (2nd to 5th) with that of patients 
in the lowest quintile (1st). The OR of the risk prediction 
groups of CAP-HFS increased with the predicted risk score 
increasing, ranging from an OR of 1.39 (95% CI, 0.66 to 3.00) 
at the second quintile to an OR of 5.01 (95% CI, 2.06 to 12.86) 
at the fifth quintile, compared with the reference group at the 
first quintile.

4. In silico analysis
Expression quantitative trait locus (eQTL) analysis of the 

identified SNPs was derived from the GTEx database (S8 
Fig.). GTEx data show that the CC genotype of rs699517  
exhibited a trend of a lower TYMS mRNA expression in 
sun-exposed skin tissue samples. And in both sun-exposed 
and not sun-exposed skin tissues, rs699517 C allele signifi-
cantly increased expression of ENOSF1, a neighboring gene 
of TYMS (p=2.3×10–9 and p=9.9×10–10, respectively). rs2790 G 
allele exhibited significantly increased TYMS expression in 
sun-exposed skin tissue (p=3.6×10–9) and decreased ENOSF1 
expression in both sun-exposed and not sun-exposed skin 
tissues (p=1.5×10–9 and p=3.7×10–15, respectively). We fur-
ther found that with the increasing number of the 6bp inser-
tion allele at rs11280056, ENOSF1 exhibited a lower mRNA  
expression level in sun-exposed and not sun-exposed skin 
tissues (p=1.5×10–9 and p=2.3×10–9, respectively) while TYMS 
exhibited no significant change in expression level. No data 
from GTEx could be retrieved for rs34743033 and rs3786362. 
By HaploReg database, the results showed that the alleles 
changes of rs3786362, rs699517, and rs11280056 may induce 
regulatory motifs altered, and then influence the transcrip-
tion and expression of genes.

 

Discussion

To further explore the novel functional variants associ-
ated with CAP-HFS in TYMS, we sequenced the entire 
TYMS exons and 5’-, 3’-UTR in 288 capecitabine-treated CRC  
patients with extreme phenotype of HFS in our study. We 
detected a novel risk mutation (c.1A>G, chr18:657743), and 
five common variants, namely rs34743033 (5’VNTR 2R/3R), 
rs3786362, rs699517, rs2790 and rs11280056 (3’-UTR 6-bp 
ins-del) which were significantly associated with CAP-HFS  
(p < 0.05).

On the basis of sequencing result, we identified a novel 

high-risk mutation (c.1A>G, chr18:657743) located in the 
initiator codon of the first exon, leading to the primary start 
codon ATG for methionine to be replaced by GTG for valine 
(p.Met1Val). This mutation has not been reported in public 
database or scientific literatures. And we performed a fur-
ther detection of it in an additional 800 CRC patients, while 
no carriers had been found (data not shown), which indicat-
ed that this novel mutation was a rare mutation. This start 
codon mutation may cause truncating mutation which can 
seriously influence the gene transcription and expression. 
Interestingly, this mutation carrier didn’t carry any other 
common variants we detected significantly associated with 
CAP-HFS in this study, which suggested that this mutation 
in TYMS might be an independent and powerful driver of 
CAP-HFS development. We observed that the patient who 
carried this mutation developed severe HFS within the first 
cycle of chemotherapy, indicating that carriers with this  
mutation cannot tolerate the capecitabine-based treatment 
long enough to get benefit from it and that preventive 
capecitabine reduction might be necessary for them.

The variants, 28-bp repeat polymorphisms rs34743033 
(2R/3R) in the 5’VNTR and rs11280056 (6-bp ins-del) in the 
3’-UTR of TYMS have been reported to be associated with 
global capecitabine toxicity in previous studies [21]. How-
ever, there are limited studies on the associations between 
these two variants and CAP-HFS [13,22-24]. Only a study 
including 239 capecitabine-based chemotherapy CRC pati-
ents reported that rs34743033 was significantly associated 
with increasing risk of HFS [22]. While no studies showed 
a positive result of the association between rs11280056 and 
CAP-HFS. Recently, an IPD meta-analysis combined four 
studies in Caucasian population reported that rs34743033 
and rs11280056 were exclusively associated with severe HFS 
[25], which is consistent with respect to our results in Chi-
nese population.

We also found three novel variants rs3786362, rs699517, 
and rs2790 significantly associated with CAP-HFS. The  
associations between rs3786362, rs699517, and rs2790 with 
CAP-HFS were slightly stronger in the subgroup with grade 
3 HFS Ex-cases (n=73) and all Ex-controls, which may indi-
cate that they have particular contributions to the severe HFS 
development. rs3786362 was a synonymous variant in the 
third exon region of TYMS, were reported associated with 
the efficacy of MTX by a genome-wide association study [26], 
while the association with capectabine-induced toxicity had 
not been reported. rs699517 and rs2790 were located in the 
3’-UTR of TYMS. rs699517 was previously reported associ-
ated with capectabine-induced severe nausea/vomiting and 
anorexia in European population [27]. eQTL analysis in skin 
tissues showed that rs699517 C allele significantly increased 
expression of ENOSF1, a gene encoding RNAs antisense 



to TYMS, and a trend of a lower TYMS mRNA expression. 
Regulome DB score of rs699517 was 1f, indicating its poten-
tial regulatory function of TYMS/ENOSF1 through affecting 
transcription factor binding. rs2790 had never been analyzed 
for the association with capectabine-induced toxicity in pre-
vious studies. In our study, we first identified its significant 
association with the development of CAP-HFS. The A allele 
of rs2790 exhibited significantly decreased TYMS expres-
sion and increased ENOSF1 expression in skin tissues. These  
results may support a hypothetical model in skin tissues, in 
which the CAP-HFS risk alleles of rs699517 and rs2790 may 
associate with the decreased expression of TYMS and inhib-
it the TYMS catalytic activity through both direct action of 
TYMS and indirect action of ENOSF1. To be more specific 
about the indirect action, ENOSF1 (TYMSAS) was originally 
considered as the source of natural antisense RNAs of TYMS 
[28] and the increased expression of antisense RNAs to TYMS 
gene may downregulate TYMS expression [29], eventually 
lead to increase the toxicity of capecitabine. These above  
results suggested that the effect of these variants on the  
development of CAP-HFS were not solely restricted to 
TYMS but related to a combination of gene interactions, the 
underlying mechanisms of which should also be further  
investigated.

In total, five variants significantly associated with CAP-
HFS in TYMS were detected in this study. Most of them were 
located in the regulatory regions (Fig. 1) which indicated 
that genetic polymorphisms associated with susceptibility 
to CAP-HFS in individuals may affect CAP-HFS develop-
ment through the direct and indirect action of regulating the  
expression of TYMS. We also found that cases tended to car-
ry more risk variants. And then, a risk predictive model of 
CAP-HFS including all identified variants in TYMS associ-
ated with CAP-HFS identified by association analysis were 
elementarily created in patients with extreme phenotype 
of HFS. It showed that the risk of CAP-HFS increased with 
higher risk score. In the analysis by quintiles, CAP-HFS risk 
was the lowest among individuals in the bottom quintile risk 
score (as reference) and highest among those in the top (OR, 
5.01; 95% CI, 2.06 to 12.86).

All the above results indicated that these TYMS variants 
may be served as the genetic predictors of CAP-HFS and 
provide evidence for individualized treatment in clinical. 
Moreover, the functional annotations of the variants signifi-
cantly associated with CAP-HFS in the TYMS region suggest 
that these variants might not only regulate TYMS but also 
ENOSF1 expression in skin tissues, which may hint a clue to 
further explain the development of CAP-HFS.

Different demographics and clinical characteristics were 
also concluded to find non-genetic factors associated with 
CAP-HFS. Previous studies showed a lower HFS incidence 

in the combination treatment [30], but the differences in dose 
of capecitabine may have also contributed to their finding. 
In our study, we found that significantly fewer patients who 
received XELOX regimen developed HFS. CAP-HFS is a 
dose-limiting toxicity, different doses and therapeutic strate-
gies in combination treatment may affect the development 
of HFS, which make the analysis of CAP-HFS risk factors 
complicated. As we only included patients who had con-
sistent dosage of the capecitabine during the treatment, the 
starting capecitabine dose was used as an adjustment factor. 
Multivariate logistic regression showed that XELOX regimen 
were independent protective factors for CAP-HFS. To further 
identify the associations between different therapeutic strat-
egies and CAP-HFS development, prospective randomized 
dose-controlled trials are needed.

In the design of the present study, compared with previ-
ous studies, we used a strict filtering criteria in controls. We 
excluded patients who received less than four cycles of the 
capecitabine-based chemotherapy or had chemotherapy  
interruptions or capecitabine dose reductions due to other 
adverse events during the treatment. This filtering criterion 
is beneficial to minimize the risk of potential cases mixed and 
enhance the ability to detect significant genetic signals asso-
ciated with CAP-HFS.

Our study identified new variants in the TYMS gene as 
susceptibility predictors of CAP-HFS in CRC patients. Fur-
ther studies are desirable to confirm the findings and to  
illuminate the mechanistic of CAP-HFS.
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Introduction

Colorectal cancer has become a major disease threatening 
human health in the world [1]. Establishing the suitable ani-
mal models of human colorectal cancer will not only help us 
to explore the development mechanisms of colorectal cancer 
effectively but also provide the chance for the examination of 
the therapeutic candidates [2]. According to our knowledge, 
commonly used animal models for colorectal cancer include 
an orthotopic transplantation model, subcutaneous tumor 
model, gene knock-out model, and the chemically induced 
model [3]. But each of them has certain limitations. For better 
keeping the biological properties of human colorectal cancer, 
the tumor microenvironment in human should be created 

similarly in animal model. Ideal model can keep the interac-
tion between tumor cells or tumor cells and stroma. In this 
regard, the orthotopic tumor model can mimic the natural 
environment of the original tumor more accurately. Thus, it 
provides an effective tool to investigate tumor pathophysiol-
ogy and develop therapeutic strategies [3]. 

It has been reported that the orthotopic tumor cell injec-
tion or tumor tissue transplantation can mimic spontaneous  
tumor growth and metastasis [4,5]. However, most of the 
cell line for injection use commercial cell lines that have been 
cultured for many years. Furthermore, the rate of metastasis 
caused by the orthotopic injection of cell suspension appears 
to be minor, compared to orthotopic implantation of intact 
tumor tissue. Therefore, the use of tumor tissue for the ortho-
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Purpose  We aimed to develop a novel method for orthotopic colon cancer model, using tissue adhesive in place of conventional 
surgical method.  
Materials and Methods  RFP HCT 116 cell line were used to establish the colon cancer model. Fresh tumor tissue harvested from a 
subcutaneous injection was grafted into twenty nude mice, divided into group A (suture method) and group B (tissue adhesive meth-
od). For the group A, we fixed the tissue on the serosa layer of proximal colon by 8-0 surgical suture. For the group B, tissue adhesive 
(10 µL) was used to fix the tumor. The mortality, tumor implantation success, tumor metastasis, primary tumor size, and operation 
time were compared between the two groups. Dissected tumor tissue was analyzed for the histology and immunohistochemistry. Also, 
we performed tumor marker analysis.
Results  We observed 30% increase in graft success and 20% decrease in mortality, by using tissue adhesive method, respectively. 
The median colon tumor size was significantly increased by 4 mm and operation time was shortened by 6.5 minutes. The H&E showed 
similar tumor structure between the two groups. The immunohistochemistry staining for cancer antigen 19-9, carcinoembryonic  
antigen, cytokeratin 20, and Ki-67 showed comparable intensities in both groups. Real-time quantitative reverse transcription analy-
sis showed eight out of nine tumor markers are unchanged in the tissue adhesive group. Western blot indicated the tissue adhesive 
group expressed less p-JNK (apototic marker) and more p-MEK/p-p38 (proliferation marker) levels. 
Conclusion  We concluded the tissue adhesive method is a quick and safe way to generate orthotopic, colon cancer model.
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topic transplantation can more accurately reflects the clinical 
features of human colon cancer in nude mice [4]. The com-
monly used method for the tumor tissue graft is to implant it 
subcutaneously first, and after the tumor grows up, re-graft 
the tumor for the orthotopic xenograft [4]. 

The conventional transplantation technique for develop-
ing orthotopic colon cancer involves a microsurgical tech-
nique, suturing an intact colon cancer tissue onto the cecal 
wall of nude mice. This technique is challenging and requires 
specialized equipment, such as 8-0 fine suture and surgical  
microscope as well as a good surgical skill [6]. The technique 
includes exposing the cecum or colon, scratching the serosa 
and then fixing a tumor piece on top, by suturing it onto the 
wall. During this procedure, tumor tissue and normal colon 
wall must be sutured carefully not to injure the colon tissue, 
otherwise often result in bleeding and perforation [6]. As an 
alternative of the suturing technique, Kageyama et al. [7]  
reported a hepatic metastasis mouse model by the closure of 
the incision site with absorbable hemostatic materials. 

In this study, we reasoned that the use of tissue adhesive 
would be a simpler and safer method to establish an ortho-
topic colon cancer mouse model, compared to the traditional 
suturing method. By comparing the differences between two 
methods in tumor growth, pathological manifestations and 
colon biomarker expressions, we validated the usefulness of 
the new method. 

Materials and Methods
  
1. Cell culture

The HCT 116 humanity colon cancer cell line were cultured 
in RPMI 1640 medium supplemented with 10% heat-inacti-
vated fetal bovine serum, 1% penicillin and streptomycin. 
Cells were grown at 37℃ and 5% CO2 in an incubator. 

2. Animals and study design and tumor tissue preparation
Six-week-old male nude mice were used in this study. All 

animals fed with autoclaved laboratory rodent diet and were 
housed in individually ventilated cages at 24°C with a con-
trolled 12-hour day-night cycle. Stocks of HCT 116 tumors 
were established by subcutaneously injecting HCT 116 cells 
(5×106) in the right flank of two nude mice. Colon tumors 
were harvested at the exponential growth phase and resected 
under aseptic conditions. Necrotic tissues were removed and 
viable tissues were cut with scissors and minced into 1 mm3 
piece to be prepared for the implantation. A total of 20 nude 
mice were divided into group A and group B with each 10 
mice. The mice of group A received orthotopic implantation 
by surgical suture method and the mice of group B received 
the surgical tissue adhesive method.

3. Orthotopic implantation using the suture method 
The suture method was performed described previously 

[8]. Briefly, the mice were anesthetized with subcutaneous 
injection of a mixture of 50 mg/kg tiletamine (Zoletil 50, Vir-
bac, Carros, France) and 10 mg/kg xylazine (Rompun, Bayer 
HealthCare, Leverkusen, Germany). And then the mouse 
was placed on a heating pad in the supine position. After 
the sterilization of the surgical area, a midline incision in 
the lower abdomen was made, and then the proximal colon 
was dissected and exposed. The serosa of the proximal colon 
was scratched with a blade and one 1 mm3 tumor fragments 
per mouse were implanted on the wall of the proximal colon 
with an 8-0 surgical suture (Fig. 1A-D). The proximal colon 
was then returned to the peritoneal cavity. The muscle layer 
was closed by 5-0 absorbable sutures, and the skin wound 
was closed by 5-0 non-absorbable sutures. All procedures of 
the operation described above were performed under an 8 x 
magnification microscope. We record the suture method pro-
cedure time and it is defined as from opening the abdomen 
to the end of the skin wound closing. 

4. Orthotopic implantation using the tissue adhesive meth-
od

After exposure and scratched the proximal colon serosa 
with a blade, one 1 mm3 tumor fragments per mouse were 
attached to the damaged area of the colon serosa. A gauze 
with a hole was covered in the colon to protect the near tis-
sue and then then 10 μL tissue adhesive (cyanoacrylate, B. 
Braun, Melsungen, Germany) was dropped to cover the  
tumor pieces (Fig.  1E-H). After this, additional 1 minute was 
given to make sure the adhesive solidification and to avoid 
the adhesion onto the surrounding tissues. The proximal  
colon was then returned to the peritoneal cavity and inci-
sion in the abdominal wall was closed. The muscle layer 
was closed by 5-0 absorbable sutures, and the skin wound 
was closed by 5-0 non-absorbable sutures. Mice were then 
allowed to rest on a heating pad until full recovery. We meas-
ured the duration of tissue adhesive method and suture 
method for comparison.

5. Tumor sample collection and tumor size measurement
Tumor implantation success rate is defined as after the 

surgical implantation, the mouse lives well at least 1 week. 
Tumor formation is defined as tumor growth that can be seen 
while sacrificing. The tumor samples were collected from the 
mice 8 weeks after orthotopic implantation. The tumor size 
of each sample was measured with a caliper and the max 
diameter was recorded. After washed with sterile PBS, the 
tumor samples were divided into three pieces and used for 
reverse transcription polymerase chain reaction, Western 
blot, histology and immunohistochemistry analysis.
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6.  Histology and immunohistochemistry
For histopathological evaluation, hematoxylin and eosin 

(H&E) staining was performed on paraffin-embedded tumor 
tissue sections. For immunohistochemistry, sections were 
stained with primary antibodies overnight at 4°C. On the 
next day; sections were incubated for 30 minutes in Imm-
PRESS AP Reagent (Vector Laboratories, Burlingame, CA), 
followed by incubating for 2-15 minutes in ImmPACT NO-
VA-RED (Vector Laboratories). The following primary anti-
bodies were purchased from Agilent (Santa Clara, CA): can-
cer antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), 
cytokeratin 20 (CK20), and Ki-67 [9]. For terminal deoxynu-
cleotidyl transferase dUTP nick end labeling (TUNEL) assay, 
In Situ Cell Death Detection Kit (Roche, Penzberg, Germany) 
was used, followed by the manufacturer’s instruction. Ki-67 
positive area or TUNEL positivity in immunohistochemistry 
(IHC) image was measured by ImageJ software (National  
Institutes of Health, Bethesda, MD). 

7. Tumor marker analysis
1) Real-time quantitative reverse transcription PCR
To quantify the expression of genes on mRNA level, we use 

real-time quantitative reverse transcription PCR (qRT-PCR) 
method. Cell or tissue RNA were extracted by Tri-RNA Rea-
gent (FATRR 001, FAVORGEN, Ping-Tung, Taiwan). Reverse 

transcription (RT) reactions were performed using Prim-
erScript RT Reagent Kit (RR037A, TaKaRa, Kyoto, Japan)  
with 250 ng RNA as template in 10 μL reaction system. Then 
the expression of each mRNA was quantified by AMPIGENE 
qPCR Green System (10014-632, ENZO,  New York, NY) with 
specific primers (S1 Table). 

2) Western blot 
Cell or tissue samples were lysed by RIPA Buffer (R2002, 

Biosesang, Seongnam, Korea) with 1× protease inhibitor 
cocktail (04693132001, Roche) and 1× PhosSTOP phos-
phatase inhibitor (04906837001, Roche). Proteins then were 
resolved by 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis gel and then transferred onto the PVDF blot-
ting membrane (10600023, Amersham, Buckinghamshire, 
UK). HRP-conjugated rabbit secondary antibody (#7074, 
CST, Danver, MA), Roche mouse secondary antibody (#7076, 
CST), HRP-conjugated goat secondary antibody (sc-2354, 
Santa Cruz Biotechnology, Santa Cruz, CA) and ECL West-
ern Blotting Detection Reagents (16888355, Amersham) were 
used to examine the signals. ImageJ was used to quantita-
tively analyze the expression of proteins.

3) Antibodies
Cyclooxygenase-2 (COX2; #12282, CST), CEA (#236M-96, 

Fig. 1.  The development of tissue adhesive method for orthotopic tumor implantation on mouse colon. (A) A representative pictures of the 
proximal colon with small incision to expose serosa. (B) Suturing prepared before the tumor tissue attachment. (C) One 1 mm3 tumor frag-
ment was implanted on the damaged colon wall of the proximal colon. (D) Stitch the tissue on the colon wall with an 8-0 surgical suture. 
(E) The serosa of the proximal colon was exposed by small incision. (F) One 1 mm3 tumor fragment was attached on the damaged colon 
wall. (G) One small drop of tissue adhesive was applied to cover the tumor piece. The image was captured 10 seconds after application. 
(H) A picture of fixed tumor on colon after 60 seconds, showing the tissue adhesive was fully solidified (A-H, ×8). Arrows indicate the sites 
of incision and tumor placement, by suture or tissue adhesive glue.
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Cell Marque, Rocklin, CA), CA19-9 (ab15146, Abcam, Cam-
bridge, UK), PKM2 (3198S, CST), phospho-p38 mitogen-acti-
vated protein kinase (MAPK; 9211S, CST), MEK1/2 (8727S, 
CST), phosphor-MEK1/2 (9154S, CST), ERK (sc-94, Santa 
Cruz Biotechnology), phosphor-Erk1/2 (4370S, CST), phos-
pho-JNK1/2 (700031, Invitrogen, Carlsbad, CA), and β-actin 
(sc-47778, Santa Cruz Biotechnology).

8. Statistical analysis
Comparative analysis was done by t test, chi-square test 

and Mann-Whitney U test. All statistical analyses were 
performed by using the SPSS program ver. 21 (IBM Corp.,  
Armonk, NY). All tests were two-sided and p < 0.05 were 
considered statistically significant.

Results

1. Tissue adhesive method is a faster and produces larger 
tumor than suturing method 

The tumor implantation was performed in all mice of the 
two groups. However, in group A (with suturing method), 
three mice died after the xenograft. Two mice died due to per-
foration after 1 day , and the other mouse died by infection 2 
days after the procedure. For group B (with tissue adhesive 
method), one mouse died 3 days after the procedure (due to 
infection) and the rest nine mice were alive until sacrifice. 
All of the survived mice (n=16) were sacrificed in 8 weeks  
after the tumor implantation. Hence, the final graft success 
rate was 67% in group A (6/9) and 90% in group B (9/9)  
(Table 1). Abdominal and mesenteric metastasis occurred 
in six mice of group A (S2 Fig.) and nine mice of group B 
(S3 Fig.). There has liver metastasis in two mice in group A 
only and no lung metastasis were observed in both of the 

two groups. 
As the tissue adhesive method does not need suturing, 

we measured the procedure duration for each method. Our  
records showed the suturing method took time from 9.4 to 
13.2 minutes whereas the tissue adhesive method took 4.3 to 
5.5 minutes. The median procedure time was 11 minutes and 
4.5 minutes for suturing and tissue adhesive, respectively. 
We also measured the size of the primary tumor on sacri-
fice. The results in Table 1 summarizes the size ranging from 
7 to 16 mm (median; 11 mm) in suturing and 8 to 18 mm 
(median, 15 mm) in tissue adhesive method, indicating the 
latter methods can produce larger tumors. Statistical analysis 
showed a significant difference in procedure time (p < 0.01) 
and colon tumor size (p=0.031) between the two methods. 
All of the above data were summarized in Table 1.

2. Histological analysis reveals comparable pattern of  
tumor formation between the two methods

In order to examine the molecular feature of the tumor 
generated by tissue adhesive, we first performed H&E stain-
ing. As the grafted tissue was generated from HCT116 colon 
cancer cell line, the tumor likely to have homogenous cellu-
larity and structure. Indeed, the images from both suturing 
and tissue adhesive tumors showed similar cell morphology 
and structure of tumor margin, which is also found in the 
liver and mesenteric metastasis (Fig. 2A-F). In some region, 
we could observe organized structure and high degree of im-
mune cell infiltration, but these patterns were equally seen in 
both graft groups (Fig. 2G-J).

To further check the histological characters of tumor from 
tissue adhesive group, we performed IHC staining with 
biomarkers including CA19-9, CEA, CK20 (tumor markers),  
Ki-67 (proliferation marker), and TUNEL assay for measur-
ing apoptosis. The result showed a similar degree of inten-

Table 1.  Comparative analysis of tumor formation, metastasis, tumor size, and procedure duration for the two graft methods

Demographics Suture Tissue adhesive p-value

Total 10 ( 10 (
Survival, n (%) 7 (70.0) 9 (90.0) 0.264
Tumor formation (rate), n (%) 6/7 (85.7) 9/9 (100) 0.242
Tumor metastasis, n (%) 6/7 (85.7) 9/9 (100) 0.086
    Abdomen 6 ( 9 (
    Liver 2 ( 0 (
Tumor size (mm)
    Range 7-16 8-18 0.031
    Median 11 ( 15 (
Procedure duration (min)
    Range 9.4-13.2 4.3-5.5 < 0.001
    Median 11.05 4.55
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sity and expression pattern for CA19-9 both in suture and tis-
sue adhesive group (Fig. 3A, top panels). We found stronger 
signal of CEA and CK20 in suture group but it seems mostly  
extracellular or non-tumor cells. Quantitative analysis of 
Ki-67 staining showed comparable portion of Ki-67 positive 
cells (Fig. 3B, S4 Fig. for raw data). Interestingly, some tumors 
in the TUNEL assay showed relatively high TUNEL-positive 
cells (Fig. 3C, raw data in S5 Fig.), but such cases occurred in 
both of tissue adhesive and suture groups.

3. Molecular analysis of tumors revealed comparable levels 
of tumor/proliferation marker expression in suturing and 
tissue adhesive groups

To estimate the validity of tissue adhesive graft method, 
we further analyzed tumors by qRT-PCR and western blot 
for known biomarkers of colon cancer, COX2 [10], CEA [11], 
CA19-9 [12], and cancer stem cell biomarker CD133 [13]. We 
also included JNK (apoptosis marker) [14], p38 (proliferation 

and differentiation marker) [15], ERK [16], MEK2 (prolifera-
tion and migration marker) [17], IGFBP2 (migration marker) 
[18], PKM2 (metabolic marker) [19], CDK2 [20], and CCNA2 
(cell cycle marker) [21]. We added HCT-116 cell line and 
HCT-116 derived, subcutaneous tumors as control. The data 
in Fig. 4 showed most of the tested markers did not show 
significant expression changes in two groups, indicating tis-
sue adhesive method did not alter molecular nature of the 
tumor. We found with one exception, though, that tissue ad-
hesive group expressed lower level of CEA on mRNA level. 
CEA is a well-known colon tumor marker, implicated with 
metastasis. Thus, this result is in a line with the data in Table 
1, showing suture method resulted in more liver metastasis 
than tissue adhesive method; however, considering the tis-
sue adhesive method also showed evident spreading of the 
tumors in the mouse abdomen (S3 Fig.), the effect of CEA 
level change might be functionally marginal.

Given that qRT-PCR cannot exclude various changes in 

Fig. 2.  Tissue adhesive method maintains the gross histology of colon tumors, compared to conventional suture method. (A, B) H&E stain-
ing images of the tumor generated by suture method. (C, D) H&E staining images of the tumor generated by the tissue adhesive method. 
Representative images were taken at ×40 and ×200 magnification. (E, F) Liver metastasis (E) or mesenteric metastasis (F) of colon tumor 
from gluing method. (G-J) Representative pictures of organized tissue pattern and immune cell infiltration on suture (G, H) and tissue 
adhesive (I, J) methods. Scale bars=400 μm (A, C), 100 μm (B, D-J). 
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post-transcriptional level, especially phosphorylation of 
proteins, we further examined tumor marker expression 
on protein level by western blotting (Fig. 5). We found, in 
contrast to cell lines, subcutaneous tumor displayed higher 
expression of CA19-9, p-JNK, p-p38, and p-MEK, implying 
that these genes may play more roles in subcutaneous tumor 
progression. In addition, CA19-9 and p-JNK, expressed in 
both subcutaneous and suture group, were lower in tissue 
adhesive group, suggesting that graft site and method influ-
ences some marker expressions. In contrast, CEA expres-
sion showed no significate difference among three different 
models, demonstrating that CEA is a general biomarker for 
colon cancer. Also, ERK and p-ERK were remained stable 

in all three groups, indicating that MEK pathway is already 
activated well in cell line level. Besides, the expression of 
p-p38, PKM2, MEK, and p-MEK, were more abundant in 
the tissue adhesive group than suture group. Overall, even 
though there are some molecular differences, colon tumors 
generated by the tissue adhesive method show comparable 
molecular profile to the tumor from suturing method.

Notably, we found that tumor size was bigger and meta-
stasis rate was lower in tissue adhesive group than suture 
group. As previous study demonstrated that MAPK signal-
ing plays a vital role in colon cancer development [14], so 
we measured MAPK signaling activity in two groups. The  
results in Fig. 4 indicated that the expression of MEK and 

Fig. 3.  Immunohistochemical staining for CA19-9, CEA, CK20, and Ki-67 reveals comparable expression pattern between tissue adhesive 
and suture method. (A) Representative pictures of immunohistochemistry from tumors of tissue adhesive or suturing method. CA-19-1, 
CEA, CK20, Ki-67, and TUNEL are examined. Tumors obtained from liver metastasis or abdominal metastasis were also included. For 
CA19-9, CEA, and CK20, the relative intensity is marked as +, ++, and +++. Scale bars=60 μM. (B) Graph showing the Ki-67 positive area 
of tissue adhesive and suture group (n=4). (C) Graph showing average TUNEL postive cells of tissue adhesive and suture group (n=4). 
CA19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen; CK20, cytokeratin 20; TUNEL, terminal deoxynucleotidyl transferase dUTP 
nick end labeling. **p < 0.01, ***p < 0.001; n.s., not significant.
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Fig. 4.  Real-time PCR analysis from tumors obtained by tissue adhesive method and suture method show similar marker RNA expres-
sion pattern. RNA from three tumors of the two graft methods were analyzed by colon tumor markers (A, COX2; B, CEA; C, CD133), 
proliferation markers (D, JNK; E, ERK2; F, PKM2), cell cycle markers (G, CDK6; H, CCNA2) as well as migration markers (I, IGFBP2). Cell 
line (HCT-116) and Subcu (tumors from subcutaneous injection) tumor samples were compared together. *p < 0.05; n.s., not significant. 
CCNA2, cyclin A2; CDK6, cyclin-dependent kinase 6; CEA, carcinoembryonic antigen; COX2, cyclooxygenase-2; IGFBP2, insulin-like 
growth factor binding protein 2. (Continued to the next page)
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ERK RNA were comparable among all groups except for cell 
lines (Fig. 4E). But the expression of p-MEK was lowest in 
suture group, whereas p-JNK was lowest in tissue adhesive 
group (Fig. 5), suggesting suture group has relatively lower 
MAPK activity and higher apoptotic signal. 

Discussion

As reported [4,22-25], the structure of orthotopically imp-
lanted tumor tissue plays an important role in the initiation 
of tumor’s attachment, growth, invasion, and distant metas-
tasis. Because of tumor cells are placed in similar microen-
vironment as the original tumor, the change of intercellular 
matrix is unlikely to happen. Supporting this idea, orthotop-
ic breast tumor xenografts have been shown to recapitulate 
the tumor microenvironment and cancer progression better, 
compared to the subcutaneous xenografts [25]. In colon can-
cer xenograft mouse model, there was a different response to 
chemotherapy according to the transplantation site [4]. Thus, 
the use of orthotopic tumor implantation technique ensures 
the expression of the clinical features of original tumor.

The present study, demonstrates the tissue adhesive tech-
nique can build up the colon cancer model with high success 
and low motility rate in a shorter time. Based on the lack of 
microsurgery expertise, suturing a small piece of tumor tis-
sue on the thin mouse colon, by surgical microscope guid-
ance, is still a challenge. Because this technique requires 
specialized training and suitable instruments [26], many  
researchers build up the orthotopic cancer model by suturing 
the tumor tissue onto the cecum of a mouse. One of the rea-
sons for the graft on cecum instead of colon is that the cecum 
is bigger and has thicker intestinal wall than colon, which 
will decrease the technical difficulty and perforation rate. In 
addition, the reported tumor graft rate for orthotopic mouse 
colon model varies from 70%, which may limit its preclinical 
utility [22]. In our research, we overcome this limitation by 
introducing tissue adhesive that does not require suturing. 
We found there was a significant difference in colon tumor 
size and procedure duration between the two groups. We 
guess the reason is that suture line bundling the tissue and 
colon wall which will compress each other and causes tissue 
ischemia. There is one mouse with no tumor formation in 
the suture group, and we speculate this is because the tumor 
was displaced from the suture site and lost its attachment to 
colon. 

Cyanoacrylate is one of the biodegradable tissue adhesives 
[27,28]. It is widely used as a method to suture materials for 
the prevention of infection leakage and seeding of tumor 
cells in surgery [27]. It binds to the surface within 5-6 sec-
onds in the presence of water or hydroxide ions. Finally, the 
adhesive will undergo exothermic polymerization within 60 
seconds [28]. So, the suitability of cyanoacrylate is another 
reason for the lower mortality rate in the graft. There are, 
however, important tips for the use of tissue adhesive in vivo. 
The first is that we should protect the near tissue by gauze 
covering before giving the adhesive. The second point is that 
after dropping the tissue adhesive, we should wait 60 sec-

Fig. 4.  (Continued from the previous page) 
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onds to make sure the adhesive solidification and then move 
the tumor into abdomen cavity, that will prevent the adhe-
sive adhere to surrounding tissue.

Our tissue adhesive method makes surgical orthotopic im-
plantation in the colon simpler and shorter time than the con-
ventional suturing techniques. It allows us to finish the pro-
cedure of tumor tissue implantation into the ascending colon 
in less than 5 minutes. The 5 minutes includes opening the 
abdomen wall, waiting 1 minute to make sure the adhesive 
solidification and closing the abdomen with a double-layer 
suture. Because we did not conventionally apply the antibi-
otic after the procedure, the less mortality in the tissue adhe-
sive group should be attributed to the following factors: (1) 
shorter time with a lower risk of infection; (2) smaller trauma 
to the colon with less bleeding; (3) no suture prevents the 
risk of perforation. So, the tissue adhesive plays a major role 
in the implantation procedure and it can prevent the bleed-
ing due to colon scratch. Indeed, our pilot experiment to use 
the tissue adhesive successfully generated pancreatic cancer 
orthotropic model (S6 Fig.). Based on these data, we think 
the tissue adhesive method can be an alternative and quick 
method for tumor implantation in different parts organs,  
instead of the suturing method.

 Previous studies show that although CA19-9 is a bio-
marker in pancreatic cancer, it can also be recognized as bio-
marker in colon cancer when combined with CEA [12]. But 
our study showed that the expression of CA19-9 was quite 
different with other colon cancer biomarkers, like COX2 and 
CEA (Fig. 5). The reason of this difference is not clear, but we 

think CA19-9 is not suitable marker in our model. Instead, 
using CEA and COX2 together should be a better choice. 
We also noticed contrast to cell line, CDK6 expression was 
sharply reduced in all mouse model (Fig. 4G). Given that  
cyclin D/cdk4(6) complex play a vital role in cell cycle G1 to 
S transition [29], the decreased regulation of CDK6 would 
slow cellular proliferation in vivo. Besides, we also found that 
both ERK and p-ERK protein was prominently expressed in 
all groups, indicating strong activity of MAPK signaling in  
colon cancer both in vitro and in vivo. Recent studies showed 
that high activity of MAPK signaling is induced by increas-
ing growth factors, which consistently restricts tumor cells at 
the leading tumor edge and displays a progenitor cell phe-
notype in colon cancer [14]. Therefore, targeting ERK may 
be a promising way for colon cancer treatment that needed 
further investigation. Interestingly, we found that there was 
a remarkable difference of p-JNK among four groups on 
protein level, with low expression in tissue adhesive group, 
moderate in suture group and high in subcutaneous group 
(Fig. 5). Some researches demonstrate that JNK can assist 
genomic stability and impede tumor formation [30], so this 
may explain why tissue adhesive group tumor had bigger 
size and lower rate of metastasis. 

Lastly, there are some limitations found in our study. 
First, small sample size used in this study that might result 
in bias in interpretation. However, we recently applied this 
technique to explore the role of nano-stent for colon cancer 
intervention and found the glue technique consistently and 
successfully generate orthotropic colon model (manuscript 

Fig. 5.  Western blot analysis of marker expression revealed higher proliferation signal in tissue adhesive with retained tumor marker  
expression. Protein samples extracted from three tumors of the two graft methods were analyzed by western blot. Cell (HCT-116) and 
Subcu (tumors from subcutaneous injection) tumor samples were compared together. CA 19-9, cancer antigen 19-9; CEA, carcinoembry-
onic antigen; COX2, cyclooxygenase-2.
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in preparation). Secondly, after the tumor implantation, no 
image examination were performed to monitor the tumor. 
Further study with better cell and detection system will  
advance our results presented here.

Altogether, we suggest here a tissue adhesive graft as 
a quick and safe method for establishing a colon cancer  
orthotopic mouse model. It provides a good alternative way 
for researchers who are unfamiliar with microsurgical tech-
niques.

This is the first study that described in details using the 
tissue adhesive method building up the colon tumor tissue  
orthotopically model. By this method, we improved the 
graft and survival rate from 60% to 90% quickly and safely 
compared to suturing method. In addition, the median time 
required for the procedure was shortened from 11 to 4.5 
minutes per mouse. Importantly, we also observed tumor 
growth is increased significantly in tissue adhesive group. 
Molecular analysis of tumors from the two methods revealed 
comparable IHC pattern and the expression of colon tumor 
markers, as well as proliferation markers. Taken altogether, 
we propose the tissue adhesive method is a fast and safe way 
to generate colon orthotopic mouse model.
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Introduction

Gastric cancer is one of the leading malignancies world-
wide with varying incidence and mortality rates across  
geographic regions [1]. The highest incidence rates of gas-
tric cancer are consistently being reported in East Asia [1]. In  
Korea, gastric cancer is the most commonly diagnosed can-
cer; in 2016, gastric cancer approximately 13% of all cancers. 
In particular, gastric cancer ranks the top incident cancer 
among men in Korea, with an age-standardized incidence 
rate of 49.6 per 100,000, which is twice the incidence rate in 
women. Although the incidence rates of gastric cancer gradu-
ally declined in Korea between 1999 and 2016, it nevertheless 
remains high [2].

Several previous studies have suggested that an increased 
risk of gastric cancer is associated with lifestyle behaviors, 
such as cigarette smoking, intensive alcohol consumption, 
high salt intake, consumption of processed meat, and low 
intake of fruits [3]. Furthermore, infection with Helicobac-
ter pylori, which is categorized as a class I carcinogen, is the 
main risk factor for gastric cancer [4]. Individuals with a H. 

pylori infection have a 3 times higher risk of developing non-
cardia gastric cancer than individuals who are not infected 
with H. pylori [5]. The high endemicity of H. pylori infection in  
Korea and the high prevalence of approximately 50%-60% [6] 
may reflect the high incidence rate of gastric cancer in Korea. 
However, the inflammatory response to an infection in a host 
and the virulence of the infection vary between individuals.  
Additionally, environmental exposures may also contribute 
to the increase in the risk of gastric cancers [1], while the 
widespread use of antibiotics for treating H. pylori infections 
may be associated with a decrease in the risk of the same can-
cers [7].

The population attributable fraction (PAF) is a measure to 
quantify the contribution of a certain risk factor to the bur-
den of disease on a population level. It is calculated using the  
exposed proportion of the population (e.g., exposure preva-
lence of H. pylori) and the relative risk (RR) of disease (e.g., 
gastric cancer) due to the risk factor [8]. Thus, the PAF may be 
used to estimate the extent to which H. pylori infections con-
tribute to the burden of gastric cancer on a population level. 
To develop public health policy and implement cancer con-
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trol measures that are well-suited for a given population, the 
PAF is an important measure of quantifying the proportion 
of the gastric cancer burden that could be prevented if proper  
interventions were implemented to control H. pylori infec-
tions.

Given the changing trend of gastric cancer along with the 
changes in lifestyle behaviors, there is a need to re-evaluate 
the contribution of H. pylori to gastric cancer in the Korean 
population. Therefore, the purpose of this study was to  
estimate the PAF using recently published studies and to  
re-evaluate the risk of developing gastric cancer attributable 
to H. pylori infections among Koreans. 

Materials and Methods
 
1. Estimation of the population attributable fraction

The PAF of gastric cancer due to H. pylori infection was 
calculated using Levin’s formula [9,10] which is the direct 
method to calculate the ratio of cases resulting from H. pylori 
infection to the total number of cases. The prevalence of H. 
pylori infections and RR for gastric cancer in Korean popu-
lation were used in the formula. A counterfactual exposure 
was defined as no H. pylori infection.   

2. Exposure prevalence of H. pylori
Estimates for the prevalence of H. pylori infections were 

have been adapted from a report by Lim et al. [11], which was 
conducted at a different time point. Using these data, which 
were reported in 1998, 2005, 2011, and 2016, prevalence esti-
mates of 76.4% for men and 71.9% for women in 1990 were 
extrapolated (Fig. 1). The H. pylori prevalence could be used 
subsequently to evaluate the PAFs of gastric cancer 25 years 
later (1990-2016).

 
3. Risk estimate of gastric cancer

A meta-analysis was conducted to evaluate the over-
all combined risk of gastric cancer from H. pylori infection 
and determine the PAFs among the Korean population.  
Instead of applying the RR for gastric cancer, the odds ratio  
(OR) pooled from the studies conducted in Korea was  
applied in the PAF formula. A meta-analysis was performed to  
obtain the pooled OR after updating a systematic review [12] 
to collect risk estimates from recently published studies up 
to 2019. The analysis included the published Korean studies 
written in English or Korean to examine H. pylori infection 
as a risk factor with regard to gastric cancer risk. The search 
keywords that were used in the PubMed (http://www.ncbi.
nlm.nih.gov/pubmed/) and Koreamed (http://www.kore-
amed.org/SearchBasic.php) databases included ‘Helicobacter 
pylori,’ ‘gastric cancer,’ ‘stomach cancer,’ and ‘Korea.’ Eligible 

articles were limited to observational studies conducted in 
Korea that had age- and sex-matched control groups. Of the 
4,513 full-text publications retrieved from searching data-
bases until December 31, 2019, 11 eligible articles were even-
tually included in the meta-analysis (S1 Fig.). Data includ-
ing study period, study population and sample size, cancer 
types by tumor site, and risk estimates of cancer by infection 
status were extracted from 11 studies [13-23] including hos-
pital-based case-cohort and case-control studies. The cases 
were divided into overall, non-cardia, and cardia forms of 
gastric cancer based on the tumor site. Additionally, a sensi-
tivity analysis was conducted to assess whether the selective 
studies dealt with adjustment for risk factors other than H. 
pylori infection, such as cigarette smoking and alcohol drink-
ing (Table 1).

A sex-stratified meta-analysis was performed using risk 
estimates. As the heterogeneity assessment revealed no sig-
nificant differences between the studies, the pooled OR and 
95% confidence intervals (CIs) were estimated based on the 
random effects model. Heterogeneity was defined as a Hig-
gins’ I2 value > 50% [24]. Subgroup analyses were conducted 
for different tumor sites of gastric cancer. A p-value of < 0.05 
was considered statistically significant. Stata ver. 14.0 (Stata-
Corp., College Station, TX) was used to perform the meta-
analysis to obtain pooled ORs and to assess publication bias.

Fig. 1.  Back extrapolation to estimate the Helicobacter pylori 
prevalence in 1990 among Koreans. a)Estimates extrapolated 
backward using the reported H. pylori prevalences in 1998, 2005, 
2011, and 2016.
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4. Sensitivity analysis and CIs
A sensitivity analysis was conducted to compare the differ-

ent values of PAF that resulted from using exposure preva-
lence rates in different time points (1990, 1998, 2005, 2011, 
and 2016). To assess the uncertainty of the risk estimates or 
prevalence rates, the delta method was used to estimate the 
variance of the PAF and 95% CIs. 

 
Results

To estimate the prevalence of H. pylori infection in the year 
1990, the levels of H. pylori prevalence reported in the selec-
tive years among Koreans were used and extrapolated back-
wards. The estimated prevalence in 1990 was 74.3% in both 
sexes (76.4% in men and 71.9% in women) (Fig. 1). 

Among 11 eligible studies, the studies were separately  
selected for meta-analyses to obtain the pooled ORs by  
tumor site of gastric cancer: 11 studies were used for over-
all gastric cancers, three studies for non-cardia gastric can-
cers, and four studies for cardia gastric cancers. In a meta-
analysis, the pooled OR (95% CIs) for overall gastric cancers 
was 1.69 (1.29-2.22) (I2=84.2%, p < 0.001). After stratifying the 
data by tumor site, the pooled ORs (95% CIs) for non-cardia 
and cardia gastric cancers were 2.17 (1.04-4.55) (I2=93.0%,  
p < 0.001) and 1.97 (1.02-3.77) (I2=56.2%, p=0.077), respective-
ly. The pooled OR for non-cardia gastric cancers was higher 
than that for overall gastric cancer and statistically signifi-
cant (Fig. 2). 

To obtain the PAF estimates, the pooled ORs for overall 
and non-cardia gastric cancers were separately applied in 
the Levin’s formula along with the exposure prevalence of 
H. pylori infection in 1990 obtained from the back extrapola-
tion (Fig. 3). Using the exposure prevalence from 1990, the 
PAF estimates for overall gastric cancer were 34.5% for men 
and 33.2% for women. For non-cardia gastric cancer, the PAF  
estimates were 47.2% for men and 45.7% for women. Using  
the exposure prevalence from 2005, the PAF estimates for 
overall gastric cancer were 29.6% for men and 27.8% for 
women. For non-cardia gastric cancer, the PAF estimates 
were 41.6% for men and 39.5% for women. When the expo-
sure prevalence from 2016 was used, the PAF estimates were 
24.5% in men and 21.8% in women for overall gastric cancers, 
and 35.5% in men and 32.1% in women for non-cardia gastric 
cancers. When more recent exposure prevalence rates of H. 
pylori were applied, decreasing PAF estimates and smaller 
ranges of 95% CIs were observed in both sexes. No major 
differences in the PAF estimates were observed between the 
sexes (Fig. 3).

When using nine selective studies adjusted for smoking 
and drinking status, the pooled OR for overall gastric cancer Ta
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was 1.72 (1.55-1.92) (I2=87.2%, p < 0.001) that was higher than 
the OR of 1.69 using 11 studies. Along with the higher OR, 
the level of PAFs were also higher showing narrow CIs (S2 
Table). 

Discussion

In this study, we report that H. pylori infections account 
for approximately 35% of overall gastric cancer cases and 
more than 45% of non-cardia gastric cancer cases in the  
Korean population. Using studies conducted in Korea, the 
risk estimate for gastric cancer was pooled and used to  

Cancer Res Treat. 2021;53(3):744-753

Fig. 2.  Summary effect size of Helicobacter pylori infection on overall, non-cardia, and cardia gastric cancer (GC) among Koreans: a meta-
analysis [13-23]. CI, confidence interval; OR, odds ratio.
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Fig. 3.  Population attributable fraction (PAF, %) for gastric cancer (GC) due to Helicobacter pylori infection in Koreans. a)Estimates extrapo-
lated backward using the reported H. pylori prevalences in 1998, 2005, 2011, and 2016.
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obtain PAF estimates using the exposure prevalence of H. py-
lori at different time points. For both sexes, the PAF due to 
H. pylori decreased as the prevalence of H. pylori decreased 
over time. Our results indicate that H. pylori is more strongly 
associated with non-cardia and early gastric cancer than with 
overall gastric cancer; higher PAF point estimates of 46.5% 
and 49.3% for non-cardia and early gastric cancer, respec-
tively, were obtained in both sexes (S3 Table). The estimated 
level of PAF for early gastric cancer may reflect the Korean 
situation where the number of patients diagnosed with 
early gastric cancer has increased due to the increase in can-
cer screening by gastrointestinal endoscopy [25]. A further 
study after collecting more studies that focus on early gastric 
cancer among Koreans is required to attain the supportive  
results overcome the issue of limited number of studies and 
heterogeneity. 

The PAF estimates of H. pylori infection can help determine 
whether gastric cancer may be prevented if H. pylori were 
eliminated. In this meta-analysis, the RR for disease (gastric 
cancer) and exposure prevalence of the risk factor of inter-
est (H. pylori) were combined to estimate the total impact on 
the population. As cancer is a rare disease to occur in public, 
the RR may be substituted for the pooled OR obtained from 
a meta-analysis of related observational studies. The preva-
lence of certain risk factors plays a more important role in 
the estimation of Levin’s PAF than the RR of a disease. In this 
study, we decided to apply the pooled risk estimate using  
observational studies conducted in Korea due to a lack of 
prospective studies following H. pylori–infected patients pri-
or to the occurrence of gastric cancer. Using the same strat-
egies as in a previous study conducted a decade ago [26], 
we attempted to select recent eligible studies published until 
2019. Although a larger number and wider range of studies 
were used in our analysis than in the study from 2010 [26], 
the pooled risk and PAF estimates were similar (OR, 1.69; 
PAF, approximately 35%).

In Asia countries, the estimated PAF of H. pylori regard-
ing gastric cancer mortality is known to be higher than that 
in Europe or America because of the high prevalence of 
H. pylori infection in Asia [27]. The previously mentioned 
study [26] reported a PAF of 78%-80% for non-cardia gastric 
cancer using a RR of 5.9 adopted from a pooled analysis of 
cohort studies from the Helicobacter and Cancer Collabora-
tive Group [28], while in our study, we reported a PAF of 
approximately 45% for non-cardia gastric cancer using a 
pooled OR of 2.17. Compared to neighboring countries of 
China or Japan, a PAF for non-cardia gastric cancer among 
Koreans was in the middle of those for Chinese and Japanese 
reporting approximately 37% and 65%, respectively [29,30]. 
Especially for gastric cancer mortality in Asian men, the esti-
mated PAF due to H. pylori were 82%, 76%, and 63% in Japan, 

Korea, and China, respectively [27]. Due to socioeconomic 
improvement as well as antibiotic treatment in all three 
Asian countries mentioned, prevalence of H. pylori infection 
has declined along with H. pylori eradication and it showed 
a potential that leads to lessen the burden of chronic dis-
ease related to H. pylori [27,29,30]. If the PAF of the previous 
study had been properly interpreted and represented the real 
situation in Korea, it would have resulted in more eminent  
declines in the incidence of gastric cancer as the prevalence 
of H. pylori infections in Koreans has decreased. According 
to several studies, the decline in the prevalence of H. pylori 
infections has resulted in a decrease in the incidence of gas-
tric cancer [1]. Furthermore, the beneficial effect of H. pylori 
eradication has been demonstrated in many studies report-
ing significantly lower risk of non-cardia gastric cancer in the 
absence of H. pylori [31,32]. As H. pylori treatment has been 
recommended to prevent gastric cancer in various long-term 
Korean studies, its effectiveness has already been confirmed 
[33-35]. However, the incidence of gastric cancer in Korea 
has not declined dramatically despite a downward trend in 
the prevalence of H. pylori infections has been observed in  
Korea. These findings highlight that underlying risk factors 
for gastric cancer, in addition to H. pylori infection, may exist 
in the Korean population. Hence, there is a need to interpret 
the PAF estimates in this study in light of other potential risk 
factors that are distinctive for Koreans.

In addition to H. pylori infections, host factors, environ-
mental co-factors, and interaction between those factors may 
contribute to gastric cancer progression [36]. Potential risk 
factors specific to the Korean population may further explain 
the low PAF of gastric cancer due to H. pylori infections. First, 
dietary habits in Korea that originate from the past may  
increase the baseline risk for gastric cancer among Koreans. 
As refrigerators did not exist in the past, traditional methods 
of preserving foods, such as salting and seasoning, were used 
for several generations in Korea. Furthermore, a preference 
for salty and spicy foods, such as foods preserved or pick-
led by salting, seasoned vegetables, and kimchi, is common 
among Koreans who consume rice as a staple food. Moreo-
ver, diverse sauces fermented using salt (e.g., condiments 
or seasonings including soy sauce, bean paste, red pepper 
paste) are commonly used in Korean recipes to enhance a 
pungent taste. These dietary habits are associated with the 
formation of N-nitrosamines which may be carcinogenic 
[37]. The positive association between routine salt intake and 
gastric cancer has been reported in different studies [38,39]. 
In addition to consuming foods preserved by salting, there is 
strong evidence that alcohol consumption increases the risk 
for gastric cancer [3]. Moreover, alcohol consumption is asso-
ciated with other factors, such as smoking, dietary behaviors, 
education level, and occupation [40], that may affect the risk 
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for gastric cancer. In a previous meta-analysis of prospective 
cohorts from China, Japan, and Korea, smoking was associ-
ated with a 33% increased risk for non-cardia gastric cancer 
[41]. In the same study, the multiplex serology of H. pylori 
as a potential effect modifier was also examined: a positive 
interaction was found only among patients with a specific 
seromarker (HP0305/HP1564) which increased the risk of 
gastric cancer in current smokers [41]. Among environmen-
tal exposures etiologically associated with gastric cancer, the 
effect of several potential risk factors on cancer progression 
may vary by sex. In this study, the estimated PAF was similar 
for both sexes after considering of lifestyle behaviors, such 
as smoking or alcohol drinking. Since most studies used 
in the analysis did not use specific categorization of each  
potential risk factor, we could not demonstrate a clear differ-
ence between sexes in the impact of H. pylori infections on 
the risk of gastric cancer. The finding that the range of CIs 
gets narrower as adjusting for other risk factors, may imply 
the potential focusing on H. pylori infection solely (S2 Table). 
However, we did not report this result in depth in this study 
because the status of smoking and alcohol drinking were not 
identically adjusted in all nine studies. 

The limitation of our study is that the population selected 
from each literature used in the meta-analysis is not per-
fectly generalize the total population of Korea. The study 
population included in the analysis was not intention-
ally selected for prospectively observing H. pylori infection  
patients; therefore, heterogeneity (I2 > 50%) may be observed 
between studies. Especially for non-cardia gastric cancer, our 
result of forest plot showed a high heterogeneity (I2=93.0%) 
that implies the characteristics of each study population from 
three different studies were too different to be in same clas-
sification of non-cardia cases. It leads to another limitation of 
lack of homogeneity of study population along with repre-
sentativeness of a Korean population. As only hospital-based 
case-control studies were available in Korea, such study  
designs may reduce the representativeness of the study sam-
ple in contrast to population-based studies. Therefore, in the 
absence of national prospective studies regarding the issue of 
H. pylori infection, we attempted to estimate and evaluate the 
PAF of H. pylori to the best of our ability using Korean stud-

ies only, in which the health conditions at baseline related 
to H. pylori infections could not be controlled sufficiently. 
Therefore, our PAF estimates were lower compared to PAF 
estimates obtained in other analyses that used RR from pro-
spective studies following H. pylori infected patients.

In conclusion, our results indicate that fraction of gastric 
cancer attributable to H. pylori infections is relatively low in 
Korea where the incidence of gastric cancer is high. The low 
PAF estimates for H. pylori infections may imply that addi-
tional underlying risk factors for gastric cancer may exist in 
the Korean population. Our findings help to better under-
stand the impact of H. pylori infections on the risk of develop-
ing gastric cancer in Korea where H. pylori infection is highly 
endemic. Moreover, our results emphasize the need to exam-
ine the impact of additional risk factors among Koreans in 
order to reduce the burden of gastric cancer in Korea. Further 
studies are needed to understand the sex-based differences 
in the potential contribution of H. pylori infections to gastric 
cancer. 
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Introduction

In South Korea, colorectal cancer (CRC) is the third most 
common cancer in men and women and the second leading 
cause of cancer-related death in men [1]. CRC is associated 
with various lifestyle factors, such as diet, physical inactiv-
ity, smoking, and alcohol consumption. Among these factors, 
alcohol consumption is a primary risk factor, with a linear 
dose–risk relation [2]. However, the strength of the associa-
tion between light or moderate alcohol consumption remains 
controversial [3]. A recent study found no significant asso-
ciation between moderate alcohol intake and CRC risk [4], 
while a protective effect of low alcohol consumption against 
CRC has been reported [5,6]. These discrepancies may have 
resulted from the lack of uniformity in alcohol consumption 
measures. 

Alcohol dehydrogenase 1B (ADH1B) and aldehyde dehy-
drogenase 2 (ALDH2) are alcohol metabolism-related gene-
tic variants common among Eastern Asians. They have been 

widely used as an indicator of alcohol exposure in investi-
gations of alcohol consumption as a risk factor for vari-
ous diseases, including CRC [7]. Alcohol is metabolized to 
acetaldehyde and eventually acetate by ADH and ALDH, 
respectively. Among individuals of different ethnicities, dif-
ferent genetic variants in the genes encoding these enzymes 
can be found. Certain polymorphisms in ADH1B and ALDH2 
are particularly common in East Asians, affecting drinking  
behaviors [8-12]. The ADH1B rs1229984 polymorphism, 
which is common in East Asians, decreases the activity of 
ADH1B. Similarly, another polymorphism common in East 
Asians, ALDH2 rs671, decreases the activity of ALDH2. 
Differences in the activity of enzymes involved in alcohol  
metabolism affect the levels of acetaldehyde accumulated  
after alcohol consumption. Notably, the A allele (major allele) 
of ADH1B rs1229984 and A allele (minor allele) of ALDH2 
rs671 have been associated with acetaldehyde accumulation 
after alcohol consumption. Because acetaldehyde is respon-
sible for the unfavorable symptoms associated with alcohol 
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consumption, including nausea, palpitation, and headache, 
individuals carrying these alleles tend to avoid alcohol  
intake. Consequently, ALDH2 or ADH1B polymorphisms 
have been consistently associated with drinking behaviors 
[8-12]. A study that evaluated alcohol consumption in South 
Koreans according to ALDH2 rs671 polymorphisms showed 
that men with GA or AA genotypes consumed less than 12 g 
alcohol (approximately one drink) per day, which was con-
siderably less than the amount consumed by men with a GG 
genotype [12]. Similarly, Chinese individuals carrying the GA 
genotype consumed less than 17 g alcohol per day [8]. 

Several studies have assessed the association between 
polymorphisms in alcohol metabolizing enzymes, including 
ALDH2 and ADH1B, and the risk for CRC in Eastern Asians 
[13-16] and Europeans [17]. However, most have been con-
ducted on small study populations, and heterogeneity among 
different studies has been substantial [18,19]. Therefore, we 
performed a case-control study in a large Korean cohort to 
examine the association between particular alcohol metabo-
lism-related genetic variants and CRC risk. 

Materials and Methods
 
1. Study cohort

Fig. 1 shows the flow chart of this study. This study  
cohort consisted of 7,089 hospitalized patients and 4,979 
population-based controls from the Hwasun Cancer Epide-
miology Study–Colon and Rectum Cancer (HCES-CRC) [20]. 
In brief, the hospitalized cases were patients diagnosed with 
histologically confirmed CRC at Chonnam National Univer-

sity Hwasun Hospital between 2004 and 2013. Control indi-
viduals were recruited between 2010 and 2012 and did not 
develop cancer until 2017. Genome-wide association study 
(GWAS) analyses were performed in 6,623 cases and 4,100 
controls. Of these, 866 cases and 535 controls were excluded 
because of missing information on rs1229984. Hence, our 
analyses included data from 5,435 cases and 3,553 controls 
without missing information (Fig. 1). CRC was classified  
according to the anatomical site as per the International Clas-
sification of Disease 10th edition (ICD-10) as proximal colon 
(C18.0-18.4), distal colon (C18.5-18.7), rectum (C19-20), and 
others (C18.8-18.9).

2. Genotyping and imputation
Details on genotyping and GWAS quality control were  

described previously [21,22]. Briefly, germline DNA geno-
typing was performed using the Infinium OncoArray-500K 
BeadChip (Oncoarray, Illumina, San Diego, CA) in 3,158 
cases and 2,657 controls, and Infinium Multi-Ethnic Global 
BeadChip (MEGA) in 3,465 cases and 1,443 controls. For 
genome-wide imputation, we used the 1,000 Genome Pro-
ject Phase 3 East Asian panel as a reference [23]. Imputation 
was conducted separately for the two genotyping arrays  
using IMPUTE2 ver. 2.3.2 [24]. Rs671 was genotyped, and 
the rs1229984 genotype was imputed in both arrays. The  
imputation quality of rs1229984 was sufficient for subse-
quent analyses (imputed information score > 0.9) [25].

3. Covariates
Information on smoking history and alcohol consumption 

was obtained from the medical records of the case group and 

Fig. 1.  Selection process of study subjects.

Hospital-based colorectal
cancer cases (n=7,089)

between 2004 and 2013

Oncoarray-500K BeadChip
in 3,158 cases and 2,657 controls

Multi-Ethnic Global BeadChip
in 3,465 cases and 1,443 controls

Colorectal cancer cases (n=5,435)
and cancer-free controls (n=3,553) 

Population-based 
cancer-free controls (n=4,979)

between 2010 and 2012

Excluded (n=1,735)
- Missing in rs1229984 (n=1,401)
- Missing in drinking or smoking history (n=254)
- Missing in anatomical sites or tumor staging (n=156)
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interview questionnaires administered to the control group. 
Individuals were classified as current drinkers or abstain-
ers for alcohol consumption. In addition, study participants 
were classified as current smokers, ex-smokers, or never 
smokers in the medical records; we re-classified participants 
as ever-smokers (current/ex-smokers) or never smokers.

4. Statistical analyses
The baseline characteristics of the case and control partici-

pants were assessed according to sex. Comparisons in the 
baseline characteristics were performed using t tests for con-
tinuous variables and chi-square tests for categorical vari-
ables. 

Multivariate logistic regression analyses were performed 
to assess the association between ALDH2 rs671/ADH1B 
rs1229984 polymorphisms and CRC risk. The genotypes 
were recategorized into major homozygotes (GG in ALDH2 
rs671 or AA in ADH1B rs1229984) and other genotypes 
(heterozygotes and minor homozygotes). All analyses were 
age-adjusted. Based on the association between alcohol 
consumption and alcohol-related genotypes [8,10-12], we 
compared the CRC risk between combined genotypes in 

increasing genetically predicted alcohol consumption order 
(ALDH2 rs671 GA/AA and ADH1B rs1229984 AA, ALDH2 
rs671 GA/AA and ADH1B rs1229984 AG/GG, ALDH2 rs671 
GG and ADH1B rs1229984 AA, and ALDH2 rs671 GG and 
ADH1B rs1229984 AG/GG). Wald test was used to evaluate 
the interaction. p < 0.05 were considered statistically sig-
nificant. All analyses were performed using R (ver. 3.6.1, R 
Foundation for Statistical Computing, Vienna, Austria).

Results

The baseline characteristics of the study participants  
according to sex are summarized in Table 1. In both men and 
women, current drinkers and ever-smokers were less fre-
quent in the case group. Women in the control group were 
significantly older than those in the case group, whereas 
the men’s age did not differ significantly between the two 
groups. The rectum was the most common tumor site, both 
in men (53.8%) and women (48.2%) (Table 1). 

The distribution of ALDH2 and ADH1B polymorphisms, 
as well as the association between ALDH2/ADH1B geno-

Cancer Res Treat. 2021;53(3):754-762

Table 1.  General characteristics of study population according to sex

  Men   Women

 Control Case 
p-value

 Control Case 
p-value

 (n=1,465) (n=3,475)  (n=2,088) (n=1,960)

Age (yr) 62.8±14.4 62.9±10.7 0.729 64.7±14.7 63.0±12.1 < 0.001
Current drinker 944 (64.4) 1,607 (46.2) < 0.001 971 (46.5) 229 (11.7) < 0.001
Ever-smoker 1,046 (71.4) 1,824 (52.5) < 0.001 272 (13.0) 74 (3.8) < 0.001
ALDH2 (rs671)      
    GG 1,015 (69.3) 2,576 (74.1) 0.002 1,541 (73.8) 1,417 (72.3) 0.361
    GA 410 (28.0) 827 (23.8)  508 (24.3) 496 (25.3) 
    AA 40 (2.7) 72 (2.1)  39 (1.9) 47 (2.4) 
ADH1B (rs1229984)      
    AA 872 (59.5) 2,033 (58.5) 0.607 1,235 (59.1) 1,153 (58.8) 0.519
    AG 519 (35.4) 1,279 (36.8)  729 (34.9) 705 (36.0) 
    GG 74 (5.1) 163 (4.7)  124 (5.9) 102 (5.2) 
TNM stage      
    I  924 (26.6)   417 (21.3) 
    II  981 (28.2)   520 (26.5) 
    III  1,144 (32.9)   765 (39.0) 
    IV  426 (12.3)   258 (13.2) 
Tumor location      
    Proximal colon  593 (17.1)   527 (26.9) 
    Distal colon  943 (27.1)   465 (23.7) 
    Rectum  1,869 (53.8)   944 (48.2) 
    Other  70 (2.0)   24 (1.2) 
Values are presented as mean±standard deviation or number (%). p-value were calculated by chi-square test or t test. ADH1B, alcohol 
dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2.
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types and CRC risk, are listed in Tables 2 and 3. Rs671 and 
rs1229984 are missense mutations of the ALDH2 gene on 
chromosome 12 and ADH1B gene on chromosome 4, res-
pectively. Rs671 A allele was associated with low activity of 
ALDH2, and its frequency was 0.147. Rs1229984 G allele was 
associated with high activity of ADH1B, and its frequency 
was 0.23. Compared to the most common genotypes, the 
risk for CRC was lower in men carrying the minor ALDH2  
allele (A allele), but not in women. The odds ratios (ORs) for 
ALDH2 rs671 GA and AA genotypes were 0.78 (95% con-
fidence interval [CI], 0.68 to 0.90) and 0.70 (95% CI, 0.47 to 
1.05) in men, and 1.10 (95% CI, 0.95 to 1.27) and 1.37 (95% 
CI, 0.88 to 2.13) in women, respectively. We found no asso-
ciation between the ADH1B rs1229984 polymorphism and 
CRC risk in men or women. For combined genotype analy-
ses, we used participants with ALDH2 rs671 GA/AA and 
ADH1B rs1229984 AA as a reference, because they had the 
lowest genetically predicted alcohol consumption. The risk 
for CRC was higher in men with genotypes associated with 
high alcohol consumption than in those with low alcohol 
consumption-related genotypes (p=0.001). The combined 
genotype with the highest genetically predicted alcohol con-

sumption (ALDH2 rs671 GG and ADH1B rs1229984 AG/GG) 
was associated with a high risk for CRC. ORs for individuals 
with ALDH2 rs671 GA/AA and ADH1B rs1229984 AG/GG, 
ALDH2 rs671 GG and ADH1B rs1229984 AA, and ALDH2 
rs671 GG and ADH1B rs1229984 AG/GG were 0.92 (95% CI, 
0.73 to 1.16), 1.19 (95% CI, 0.99 to 1.42), and 1.35 (95% CI, 
1.11 to 1.63), respectively. The association between alcohol-
related genotypes and CRC risk was similar according to the 
anatomical site of CRC. In women, there was no significant 
association between alcohol consumption-associated geno-
types and CRC risk (Table 3). However, in the subgroup 
analysis for anatomical sites of CRC, compared to women 
with ALDH2 rs671 GG genotype, those with ALDH2 rs671 
AA genotype had a higher risk of distal colon cancer (OR, 
1.99; 95% CI, 1.04 to 3.61). 

The association between ALDH2/ADH1B genotypes and 
CRC risk according to drinking and smoking habits are 
shown in Tables 4 and 5. The impact of drinking on CRC 
risk was higher in women than in men. In men, the CRC risk 
in ALDH2 rs671 GA/AA carriers was 0.58 (95% CI, 0.47 to 
0.71) for current drinkers and 0.74 (95% CI, 0.61 to 0.91) for  
abstainers, while in women the CRC risk in ALDH2 rs671 

Table 2.  Colorectal cancer risk according to ALDH2 and ADH1B genotypes in men

        Colorectal cancer                  Proximal colon cancer       Distal colon cancer               Rectal cancer

 No. of  No. of  OR No. of  OR No. of  OR No. of  OR
 controls cases (95% CI) cases (95% CI) cases (95% CI) cases (95% CI)

ALDH2 rs671
    GG 1,015 2,576 1.00 (reference) 440 1.00 (reference) 706 1.00 (reference) 1,374 1.00 (reference)
    GA 410 872 0.78 (0.68-0.90) 135 0.73 (0.58-0.92) 219 0.74 (0.61-0.90) 460 0.82 (0.70-0.95)
    AA 40 72 0.70 (0.47-1.05) 18 1.06 (0.58-1.86) 18 0.63 (0.35-1.09) 35 0.64 (0.40-1.02)
    GA/AAa) 450 899 0.77 (0.67-0.89) 153 0.76 (0.61-0.95) 237 0.73 (0.61-0.88) 495 0.80 (0.69-0.93)
ADH1B rs1229984         
    AA 872 2,033 1.00 (reference) 340 1.00 (reference) 551 1.00 (reference) 1,098 1.00 (reference)
    AG 519 1,279 1.08 (0.95-1.23) 234 1.16 (0.94-1.41) 333 1.03 (0.86-1.23) 687 1.06 (0.92-1.23)
    GG 74 163 0.97 (0.73-1.31) 19 0.68 (0.39-1.13) 59 1.32 (0.91-1.89) 84 0.90 (0.65-1.26)
    AG/GGa) 593 1,442 1.06 (0.94-1.21) 253 1.10 (0.90-1.34) 392 1.06 (0.90-1.26) 771 1.04 (0.90-1.20)
ALDH2 rs671 & 
  ADH1B rs1229984         
    ALDH2 GA/AA &  256 531 1.00 (reference) 81 1.00 (reference) 137 1.00 (reference) 302 1.00 (reference)
      ADH1B AA
    ALDH2 GA/AA &  194 368 0.92 (0.73-1.16) 72 1.12 (0.77-1.62) 100 0.95 (0.68-1.30) 193 0.84 (0.64-1.09)
      ADH1B AG/GG
    ALDH2 GG &  616 1,502 1.19 (0.99-1.42) 259 1.32 (0.99-1.78) 414 1.27 (1.00-1.63) 796 1.10 (0.90-1.35)
      ADH1B AA
    ALDH2 GG &  399 1,074 1.35 (1.11-1.63) 181 1.47 (1.08-2.01) 292 1.43 (1.11-1.86) 578 1.25 (1.01-1.55)
      ADH1B AG/GG
p for linear trend    0.001  0.009  0.001  0.006
Age and genotyping array were adjusted in all models. ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2; CI, con-
fidence interval; OR, odds ratio. a)Dominant genetic model was used for the analysis.



GA/AA carriers was 0.33 (95% CI, 0.18 to 0.58) for current 
drinkers and 0.88 (95% CI, 0.74 to 1.04) for abstainers. The 
interaction between alcohol consumption and the ALDH2 
genotype was statistically significant only in women (p < 
0.001). Also, the interaction of drinking status for association 
between combined alcohol-related genotypes and CRC was 
significant only in women.

Table 6 represents the association between rs671 and 
rs1229984 polymorphism and prevalence of current drinkers. 
The A allele of both rs671 and rs1229984 was related to low 
prevalence of current drinker in both sexes. The prevalence 
of current drinkers was higher in both sexes as the combined 
genotypes predicted to have higher alcohol consumption 
(p for trend < 0.001). On the other hand, the prevalence of 
smoker was not related to rs671 or rs1229984 polymorphism 
(data not shown).

Discussion

We found that the association between alcohol-related  
genetic variants and CRC risk differed between men and 

women. Men with ALDH2 rs671 GA/AA had a lower risk 
for CRC than those with ALDH2 rs671 GG. A stronger  
association was found among regular drinkers than abstain-
er or never drinker in both sexes. However, ADH1B poly-
morphisms were not significantly associated with CRC in 
men or women.

We found that the ADH1B rs1229984 polymorphism was 
not significantly associated with the risk for CRC; however, 
heterozygous or minor homozygous ALDH2 (GA or AA) 
was significantly associated with a lower risk for CRC, con-
sistent with the findings of several previous studies [13,14,16, 
26]. Furthermore, our findings are largely in line with meta-
analyses showing an association between ALDH2 rs671 GA/
AA and low risk for CRC [18,19]. By contrast, the associa-
tion between ADH1B and CRC risk remains controversial. 
In Japanese individuals [13,15], ADH1B rs1229984 AG/GG 
is associated with a high risk for CRC; however, our study 
and other previous studies [14,16] found no significant  
association between ADH1B and CRC risk. These discrepan-
cies might be explained by differences in the effects of differ-
ent single nucleotide polymorphisms on alcohol consump-
tion behavior. Compared to ALDH2 rs671, ADH1B rs1229984 
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Table 3.  Colorectal cancer risk according to ALDH2 and ADH1B genotypes in women

        Colorectal cancer                  Proximal colon cancer       Distal colon cancer               Rectal cancer

 No. of  No. of  OR No. of  OR No. of  OR No. of  OR
 controls cases (95% CI) cases (95% CI) cases (95% CI) cases (95% CI)

ALDH2 rs671
    GG 1,541 1,417 1.00 (reference) 376 1.00 (reference) 325 1.00 (reference) 701 1.00 (reference)
    GA 508 496 1.10 (0.95-1.27) 137 1.15 (0.92-1.44) 125 1.22 (0.97-1.54) 226 1.02 (0.84-1.22)
    AA 39 47 1.37 (0.88-2.13) 14 1.51 (0.77-2.80) 15 1.99 (1.04-3.61) 17 0.97 (0.53-1.72)
    GA/AAa) 547 543 1.12 (0.97-1.29) 151 1.18 (0.94-1.46) 140 1.27 (1.02-1.59) 243 1.01 (0.85-1.21)
ADH1B rs1229984         
    AA 1,235 1,153 1.00 (reference) 327 1.00 (reference) 256 1.00 (reference) 558 1.00 (reference)
    AG 729 705 1.07 (0.94-1.23) 173 0.92 (0.75-1.14) 183 1.22 (0.98-1.51) 338 1.07 (0.90-1.26)
    GG 124 102 0.99 (0.75-1.31) 27 0.95 (0.60-1.45) 26 1.11 (0.70-1.72) 48 0.97 (0.67-1.37)
    AG/GGa) 853 807 1.06 (0.93-1.21) 200 0.92 (0.76-1.13) 209 1.20 (0.98-1.48) 386 1.05 (0.90-1.23)
ALDH2 rs671 & 
  ADH1B rs1229984         
    ALDH2 GA/AA &  337 314 1.00 (reference) 94 1.00 (reference) 73 1.00 (reference) 144 1.00 (reference)
      ADH1B AA
    ALDH2 GA/AA &  210 229 1.25 (0.98-1.60) 57 1.05 (0.71-1.53) 67 1.55 (1.06-2.27) 99 1.19 (0.87-1.63)
      ADH1B AG/GG
    ALDH2 GG &  898 839 0.98 (0.81-1.18) 233 0.91 (0.69-1.20) 183 0.91 (0.68-1.24) 414 1.05 (0.84-1.33)
      ADH1B AA
    ALDH2 GG &  643 578 0.98 (0.81-1.19) 143 0.81 (0.60-1.09) 142 0.99 (0.73-1.37) 287 1.06 (0.83-1.36)
      ADH1B AG/GG
p for linear trend    0.343  0.105  0.285  0.876
Age and genotyping array were adjusted in all models. ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2; CI, con-
fidence interval; OR, odds ratio. a)Dominant genetic model was used for the analysis.

758     CANCER  RESEARCH  AND  TREATMENT



Chang Kyun Choi, ALDH2, ADH1B, and Colorectal Cancer

VOLUME 53 NUMBER 3 JULY 2021     759

is a weaker instrumental variable for alcohol consumption. 
ALDH2 rs671 GG was associated with a high prevalence of 
alcohol dependence [9,11] or alcohol consumption [10]. Nev-
ertheless, ADH1B polymorphisms are not significantly asso-
ciated with drinking behavior [11], and their effect on alcohol 
consumption is weaker than that of ALDH2 polymorphisms 
[9,10]. Moreover, in the China Kadoorie Biobank study, the 
largest and most recent alcohol-related MR study [8], the 
effects of ADH1B polymorphisms on alcohol consumption 
were 2-4 times smaller than those of ALDH2 polymorphisms.

Previous studies that have evaluated the association  
between combined ALDH2 and ADH1B genotypes and CRC 
risk have provided inconsistent results. Although Yin et al. 
[13] reported no significant differences among combined 
genotypes, Matsuo et al. [15] found significant gene-gene  
interactions. In our study, although our study cohorts size 
was nearly 10 times larger than that of Matsuo et al. [15] we 
found no gene-gene interactions. However, we found that 
alcohol-related genetic variants were associated with CRC 
risk in men and that the risk for CRC was high in carriers of 
high alcohol consumption-associated combined genotypes. 
In women, however, these associations were not significant. 
Several factors could have attributed to these divergences. 
First, alcohol consumption habits differ significantly bet-

ween men and women. The differences in alcohol consump-
tion among different genotypes are considerably smaller in 
women than in men [8,10,12]. However, previous studies 
have not conducted sex-stratified analyses [13,15]. Second, 
ADH1B has pleiotropic effects on ethanol metabolism. Indi-
viduals with low ADH1B activity experience less unfavora-
ble symptoms after alcohol intake due to the lower acetal-
dehyde levels [27]. Thus, ADH1B rs1229984 AG/GG carriers 
have higher levels of alcohol than ADH1B rs1229984 AA 
carriers. However, low ADH1B activity prolongs exposure 
to acetaldehydes produced by microbes in the gastrointesti-
nal tract due to the low ethanol elimination rate [28]. On the 
other hand, salivary acetaldehyde level varies depending on 
the distribution of microbes in the digestive tract [29], and 
there are few studies on the effects of alcohol-related genetic 
variants on the distribution or activity of microbes, so further 
evaluation is necessary.

In our study, the association between alcohol-related gene-
tic variants and CRC differed by sex. Although genetic vari-
ants favorable for alcohol consumption were associated with 
high risk of CRC in men, but in women there was no such 
association. This is because the strength of the association  
between genetic variants and alcohol consumption is 
weaker in women than in men. In our study, the amount of  

Table 4.  Impact of ALDH2/ADH1B genotype on CRC risk stratified by the alcohol drinking and smoking status in men

                              Current drinker                         Abstainers                            Ever-smoker                             Never smoker

 Case/ OR Case/ OR Case/ OR Case/ OR
 Control (95% CI) Control (95% CI) Control (95% CI) Control (95% CI)

ALDH2 rs671
    GG 1,364/726 1.00 (reference) 1,212/289 1.00 (reference) 1,338/713 1.00 (reference) 1,238/302 1.00 (reference)  
    GA/AA 243/218 0.58 (0.47-0.71) 656/232 0.74 (0.61-0.91) 486/333 0.77 (0.65-0.91) 413/117 0.83 (0.65-1.06)
p for interaction 0.137    0.537
ADH1B rs1229984        
    AA 901/550 1.00 (reference) 1,132/322 1.00 (reference) 1,063/622 1.00 (reference) 970/250 1.00 (reference)
    AG/GG 706/394 1.09 (0.93-1.29) 736/199 1.06 (0.87-1.30) 761/424 1.06 (0.91-1.24) 681/169 1.08 (0.87-1.35)
p for interaction 0.760    0.928
ALDH2 rs671 & 
  ADH1B rs1229984        
    ALDH2 GA/AA  145/112 1.00 (reference) 386/144 1.00 (reference) 284/192 1.00 (reference) 247/64 1.00 (reference)
      & ADH1B AA
    ALDH2 GA/AA  98/106 0.72 (0.49-1.04) 270/88 1.13 (0.83-1.55) 202/141 0.99 (0.74-1.32) 166/53 0.80 (0.53-1.22)
      & ADH1B AG/GG
    ALDH2 GG  756/438 1.37 (1.04-1.80) 746/178 1.41 (1.08-1.82) 779/430 1.24 (1.00-1.55) 723/186 1.01 (0.73-1.39)
      & ADH1B AA
    ALDH2 GG &  608/288 1.68 (1.26-2.23) 466/111 1.44 (1.08-1.92) 559/283 1.36 (1.08-1.72) 515/116 1.23 (0.86-1.73)
      ADH1B AG/GG
p for interaction 0.080    0.700

Age and genotyping array were adjusted in all models. Dominant genetic model was used for all analyses. ADH1B, alcohol dehydrogenase 
1B; ALDH2, aldehyde dehydrogenase 2; CI, confidence interval; CRC, colorectal cancer; OR, odds ratio.



alcohol consumption was not investigated, but in previous 
MR studies of Eastern Asians [8,12], the difference in alco-
hol consumption according to genetic variants was smaller 

in women than in men. In MR analysis using weak instru-
mental variables, it may not be possible to exclude the effect 
of unmeasured confounders, one of the main objectives of 

Cancer Res Treat. 2021;53(3):754-762

Table 5.  Impact of ALDH2/ADH1B genotype on CRC risk stratified by the alcohol drinking and smoking status in women

                              Current drinker                         Abstainers                             Ever-smoker                            Never smoker

 Case/ OR Case/ OR Case/ OR Case/ OR
 Control (95% CI) Control (95% CI) Control (95% CI) Control (95% CI)

ALDH2 rs671
    GG 216/817 1.00 (reference) 1,201/724 1.00 (reference) 57/200 1.00 (reference) 1,360/1,341 1.00 (reference)
    GA/AA 13/154 0.33 (0.18-0.58) 530/393 0.88 (0.74-1.04) 17/72 0.99 (0.50-1.90) 526/475 1.14 (0.98-1.33)
p for interaction < 0.001    0.295
ADH1B rs1229984        
    AA 126/569 1.00 (reference) 1,027/666 1.00 (reference) 44/155 1.00 (reference) 1,109/1,080 1.00 (reference)
    AG/GG 103/402 1.06 (0.87-1.30) 704/451 1.08 (0.92-1.27) 30/117 0.70 (0.38-1.24) 777/736 1.11 (0.97-1.27)
p for interaction 0.382    0.585
ALDH2 rs671 & 
  ADH1B rs1229984        
    ALDH2 GA/AA  7/87 1.00 (reference) 307/250 1.00 (reference) 8/47 1.00 (reference) 306/290 1.00 (reference)
      & ADH1B AA
    ALDH2 GA/AA  6/67 1.08 (0.33-3.39) 223/143 1.42 (1.07-1.88) 9/25 1.25 (0.39-4.05) 220/185 1.23 (0.95-1.60)
      & ADH1B AG/GG
    ALDH2 GG  119/482 2.92 (1.41-7.11) 720/416 1.34 (1.08-1.66) 36/108 1.41 (0.59-3.66) 803/790 0.93 (0.76-1.13)
      & ADH1B AA
    ALDH2 GG &  97/335 3.38 (1.61-8.27) 481/308 1.26 (1.00-1.59) 21/92 0.80 (0.31-2.21) 557/551 0.99 (0.80-1.22)
      ADH1B AG/GG
p for interaction < 0.001    0.248

Age and genotyping array were adjusted in all models. Dominant genetic model was used for all analyses. ADH1B, alcohol dehydrogenase 
1B; ALDH2, aldehyde dehydrogenase 2; CI, confidence interval; CRC, colorectal cancer; OR, odds ratio.

Table 6.  Associations between rs671 and rs122984 and prevalence of current drinker in control groups

                          Men                            Women

 Current drinker/Abstainer OR (95% CI) Current drinker/Abstainer OR (95% CI)

ALDH2 rs671
    GG 817/724 1.00 (reference) 726/289 1.00 (reference)
    GA 145/363 0.42 (0.33-0.53) 206/204 0.35 (0.28-0.44)
    AA 9/30 0.18 (0.09-0.36) 12/28 0.26 (0.12-0.55)
ADH1B rs1229984    
    AA 569/666 1.00 (reference) 550/322 1.00 (reference)
    AG 344/385 1.20 (0.95-1.52) 344/175 1.05 (0.87-1.27)
    GG 58/66 1.28 (0.77-2.18) 50/24 1.12 (0.77-1.64)
ALDH2 rs671 & ADH1B rs1229984    
    ALDH2 GA/AA & ADH1B AA 87/250 1.00 (reference) 112/144 1.00 (reference)
    ALDH2 GA/AA & ADH1B AG/GG 67/143 1.70 (1.16-2.51) 106/88 1.43 (0.97-2.10)
    ALDH2 GG & ADH1B AA 482/416 3.14 (2.31-4.29) 438/178 3.39 (2.56-4.52)
    ALDH2 GG & ADH1B AG/GG 335/308 3.37 (2.40-4.73) 288/111 3.21 (2.39-4.33)
p for linear trend   < 0.001  < 0.001
ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2; CI, confidence interval; OR, odds ratio.
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MR analysis (weak instrumental bias) [30]. Interestingly, in 
the subgroup analysis for anatomical sites of CRC, among 
ALDH2 rs671 polymorphism, AA genotypes were associated 
with high risk of distal colon cancer in women only. ALDH2 
detoxified endogenous aldehyde such as 4-hydroxy-2-non-
enal and malondialdehyde produced by reactive oxygen 
species [31]. The hormonal effect is presumed to be involved 
in the carcinogenic mechanism of ALDH2 because AA geno-
types had a higher risk of breast cancer in the subgroup with 
high estrogen receptor expression [32]. However, because 
few studies are evaluating hormonal mediated mechanisms, 
future studies are needed.

A recent meta-analysis demonstrated that the risk for CRC 
is lowest in individuals who consume 7 g or less of alcohol 
per day, and increases when consumption is 14 g/day [6]. 
However, we found that in men, the risk for CRC increased 
with increasing genetically predicted alcohol consumption. 
Although the China Kadoorie Biobank study [8] showed a 
J-shaped association between subjective alcohol consump-
tion and the risk for cerebrovascular diseases, the associa-
tion between genetically predicted alcohol consumption and 
cerebrovascular diseases was linear. Therefore, the protective 
effect of alcohol reported by studies involving questionnaires 
is presumed to be due to sick-quitter or under-reporter bias 
[8,33]. 

To the best of our knowledge, this is the first study on 
this topic involving sex-stratified analyses. In addition, we 
performed combined genotype analyses using a large study 
cohort. The results of our study using genetic variants are 
less affected by reverse causality or residual confounding 
than those of studies using subjective alcohol consumption. 
However, there were several limitations to this study. The 
mechanism of ethanol-associated carcinogenesis was not ful-
ly evaluated. The levels of accumulated acetaldehyde after 
alcohol intake differ between individuals with ALDH2 and 
ADH1B genotypes [27,28]. Therefore, to evaluate the carci-
nogenic effects of acetaldehyde on CRC, the dose-response 
relationship of alcohol should be evaluated after cohort 
stratification based on alcohol-related genotypes. Because 

we did not investigate the level of alcohol consumption, we 
could not evaluate such associations. In addition, the dose–
response relationship between genetically predicted alcohol 
consumption and CRC risk could not be assessed, because 
the alcohol consumption based on alcohol-related genotypes 
was not estimated. Therefore, it is necessary to estimate the 
causal effect of alcohol consumption on CRC risk through 
the two-stage least square method in the genetic study  
investigating the amount of alcohol consumption, or per-
form a two-sample MR study using the results of GWAS on 
the amount of alcohol consumption.

In conclusion, the association between alcohol-related 
genotypes and CRC risk differed between men and women 
in this South Korean cohort. Men with genotypes associated 
with high alcohol consumption had a high risk for CRC.  
Future studies are required to elucidate the role of ethanol in 
carcinogenesis in individuals with different ethanol metabo-
lism-related genetic variants.
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Introduction

In recent years, the proportion of cases of early gastric can- 

cer among the overall incidence of gastric cancer has increased 
to more than 70% in Korea [1,2]. Patients treated for early gas-
tric cancer have excellent prognosis, and most patients can  
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Purpose  Patients who have undergone gastrectomy have unique symptoms that are not appropriately assessed using currently avail-
able tools. This study developed and validated a symptom-focused quality of life (QoL) questionnaire for patients who have received 
gastrectomy for gastric cancer.    
Materials and Methods  Based on a literature review, patient interviews, and expert consultation by the KOrean QUality of life in 
Stomach cancer patients Study group (KOQUSS), the initial item pool was developed. Two large-scale developmental studies were 
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was found to have good model fit. The mean summary score of the KOQUSS-40 was correlated with the EORTC QLQ-C30 and STO22 
(correlation coefficients, 0.821 and 0.778, respectively). The KOQUSS-40 score was also correlated with clinical factors, and had  
acceptable internal consistency (> 0.7). Test-retest reliability was greater than 0.8.      
Conclusion  The KOQUSS-40 can be used to assess QoL of gastric cancer patients after gastrectomy and allows for a robust compari-
son of surgical techniques in clinical trials. 
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return to their routine normal lives. However, many experi-
ence a variety of symptoms following gastrectomy, which 
may continue long after surgery. These symptoms are col-
lectively referred to as postgastrectomy syndromes and  
include early satiety, dumping syndrome, dysphagia, reflux, 
and psychological problems. It is essential to evaluate these 
symptoms and understand and design intervention to man-
age these symptoms properly.

 To date, many instruments have been developed to assess 
quality of life (QoL) in patients with gastric cancer. The Euro- 
pean Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-STO22) and the 
Functional Assessment of Cancer Therapy-gastric (FACT-Ga) 
are commonly known instruments [3,4]. The EORTC QLQ-
STO22 has been translated into many languages, including 
Korean, and has been used in many clinical trials and retro-
spective studies of Korean patients with gastric cancer [5-8]. 

However, existing gastric cancer-specific questionnaires, 
such as the EORTC QLQ-STO22 and FACT-Ga, assess only 
general gastrointestinal symptoms and are unable to assess 
symptoms specifically related to gastric surgery such as post-
gastrectomy syndrome. The only validated tool that allows 
for evaluation of symptoms, living status, and QoL after 
gastrectomy is the Post Gastrectomy Syndrome Assessment 

Scale (PGSAS-45) [9]. However, the PGSAS-45 is based on 
expert opinion and consensus, not developed using statisti-
cal analysis of patient data. Therefore, a rigorously developed 
and validated patient-centered questionnaire that can assess 
postgastrectomy symptoms and QoL is necessary.

In this study, we report the development and validation of 
a QoL questionnaire for patients who have received gastrec-
tomy for gastric cancer, with special emphasis on postgastrec-
tomy syndrome. 

Materials and Methods
 
1. The KOrean QUality of life in Stomach cancer patients 
Study group (KOQUSS) 

The KOrean QUality of life in Stomach cancer patients 
Study group (KOQUSS) was created in January 2016 by sur-
geons to develop a method for assessing appropriately the 
QoL of gastric cancer patients who have undergone gastrec-
tomy. Additional experts have joined the KOQUSS in the 
course of meetings. Currently, the KOQUSS includes a broad 
range of disciplines, including surgeons, oncologists, a clini-
cal epidemiologist, and a psychometrician from 27 institu-
tions in the Republic of Korea. 

Literature review, qualitative interview, and expert consultation

Analysis
- Content validity
- Item reduction

Analysis
- Content validity
- Item reduction

Analysis
- Content validity
- Reliability
- Confirmative validity
- Criterion validity
- Clinical validity
- Final item selection

Pilot study 1 (n=465)

Development
phase

Validation
phase

Pilot study 2 (n=499)

Expert advice

Validation study (n=413)

Initial version (46 items)

Second version (44 items)

Third version (42 items)

Final version (40 items)

Fig. 1.  Study flowchart.
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2. Study flow 
This study consisted of two phases: development and vali-

dation. Fig. 1 provides a schema of the study. 

1) Development phase
A comprehensive literature review of preexisting question-

naire items and a review of patients’ self-reported symptoms 
as documented in outpatient clinics were first conducted to 
bring together items for consideration. Items were developed 
using a four-point Likert scale. The level of satisfaction was 
assessed as very satisfied, slightly satisfied, slightly dissatis-
fied, and very dissatisfied, while the level of agreement was 
assessed as disagree, somewhat agree, quite agree, strongly 
agree. 

The items were reviewed for content by experts in the  
KOQUSS study group. This was followed by two sets of 
qualitative interviews of 30 and 50 patients to determine the 
readability, comprehensibility, and acceptability of each item 
and to invite suggestions for possible improvement. The ini-
tial items were selected by general agreement in KOQUSS 
task force meetings from February 2016 to January 2017.

Two separate studies were then conducted for explora-
tory factor analyses and item reduction. Participants were  
recruited from gastric cancer surveillance clinics in 11 hospi-
tals between September to December 2017, and subsequently 
from 13 hospitals between May to July 2018. The eligibility 
criteria were as follows: (1) received gastrectomy for gastric 
cancer, (2) received regular follow-up within the 5 years fol-
lowing the operation, and (3) no communication problems. 
Informed consent was obtained from eligible patients. The 
questionnaires were self-administered. The results of factor 
analyses with input from expert consultation were used to 
select items for each domain for the validation phase. Statisti-
cal analyses are separately described below.

2) Validation phase
Participants were recruited from gastric cancer surveil-

lance clinics in 12 hospitals for validation of the question-
naire. The eligibility criteria were the same as those of the  
developmental studies. Patients who had already been  
exposed to any previous version of the questionnaire were 
excluded. Participants were asked to complete the developed 
questionnaire, as well the EORTC QLQ-C30 and STO22, 
which were then used for analysis of criterion validity. Par-
ticipants were also asked to mail back a completed second 
copy of the questionnaire within 30 days of completing the 
first test for test-retest analysis. 

Patients’ demographic and clinicopathological data were 
collected through a medical chart review, namely, age, sex, 
marital status, education, body mass index, surgical appr-
oach, extent of gastrectomy, pathological stage, and pres-

ence of adjuvant chemotherapy. The pathological stage was 
classified according to the American Joint Committee on 
Cancer, 8th edition [10]. Data on surgical resection includ-
ed type of surgery (distal, proximal, pylorus-preserving, or  
total gastrectomy) and surgical approach (open, laparoscop-
ic, or robotic). All instruments in this study adhere to radical 
gastrectomy with lymph node dissection according to gastric 
cancer treatment guidelines, and adjuvant chemotherapy is 
recommended for patients diagnosed as pathologically stage 
II or greater [11-13]. 

3. Statistical analysis
1) Sample size 
The sample sizes of the two large-scale developmental 

studies and that of the validation study were determined 
based on the “rule of 10,” which states that there should be 
at least 10 cases for each item in the instrument [14]. The first 
(second) study in the developmental phase required 460 (440) 
participants to test 46 (44) item pools, while the validation 
study required 320 participants to examine 32 item pools. For 
test-retest reliability, a random sample of 103 subjects, each 
measured twice, produces a two-sided 95% confidence inter-
val with a width of 0.2 when the estimated intra-class corre-
lation is 0.7. Considering a 20% dropout rate, we arrived at a 
sample size of 129, which were enrolled competitively. 

2) Developmental phase 
Item scores were examined using mean and standard  

deviation. Skewness and kurtosis were also calculated with 
standard error. Principal components analysis was used to 
extract common factors with the criterion of eigenvalues  
> 1 and with reference to a scree plot. Highly correlated items 
(r > 0.7) were considered redundant; in such a case, the item 
that explained the greatest variation was chosen to remain. A 
weak correlation (< 0.2) between an item and the sum of the 
remaining items in the scale indicated that the item was not 
measuring the same construct as the other items [15]. Con-
struct validity was evaluated by calculating Pearson correla-
tion coefficients between the items and domains generated 
by the exploratory factor analysis. The suitability of the data 
for structure detection was evaluated by Kaiser-Meyer-Olkin 
(KMO) test and Bartlett’s test of sphericity [15]. KMO values 
between 0.8 and 1 were considered to denote adequate sam-
pling for factor analysis. For Bartlett’s test of sphericity, p < 
0.05 was taken to indicate possible utility of factor analysis 
for the data.

Factor loadings and error variance for each item and covar-
iances between domains were evaluated for the confirmatory 
factor analysis. Goodness of fit was assessed by chi-squared 
value, Bentler comparative fit index (CFI), standardized root 
mean square residual (SRMR), and root mean square error of 



approximation (RMSEA).

3) Scoring approach for KOQUSS-40
The scoring system for the final questionnaire was gener-

ated based on methods used for EORTC QLQ-C30 and QLQ-
STO22, in which raw scores (the average of the items that 
contribute to the domain) are divided by ranges [16]. As all 
items of the KOQUSS-40 were rated using a four-point Likert 
scale, the range of all items was 3. Therefore, the score for 
each domain was calculated as the [(raw score–1)/3]×100. 
We also adopted the principle of summary scoring used by 
the QLQ-C30 to develop an intuitive summary score for the 
KOQUSS-40 for post gastrectomy symptoms. The summary 
score was defined as the mean of eight equally weighted 
symptom domains and was included in the explorative fac-
tor analysis [17].

4) Validation phase
Internal consistency of the items was estimated using the 

Cronbach’s alpha; values between 0.7 and 0.9 were consid-
ered optimal [14,15,18]. Items whose removal resulted in 
substantial improvement of the Cronbach’s alpha were elim-
inated, and the Cronbach’s alpha for the remaining items 
were recalculated [15]. Test-retest reliability was assessed  
using Spearman’s correlations. 

Criterion validity was assessed by comparing the scores of 
the KOQUSS-40 with those of the validated Korean version 
of the EORTC QLQ-C30 and QLQ-STO22 [19,20]. The sum-
mary scores of the EORTC QLQ-C30 were calculated as the 
mean of 13 of the 15 QLQ-C30 scales (the Global Quality of 
Life scale and the Financial Impact scale were not included), 
and those of the EORTC QLQ-STO22 from the mean of nine 
scales [17,21]. 

Clinical validity was evaluated by comparing the scores 
of the KOQUSS-40 in different patient groups. Patients were 
divided into two groups according to their weight loss (less 
than 10% vs. 10% or more), extent of surgery (partial vs. total 
gastrectomy), and surgical approach (open vs. laparoscopic/
robotic). 

Statistical analyses were performed using SAS ver. 9.4 
(SAS Institute Inc., Cary, NC). p < 0.05 were considered sta-
tistically significant.
 

Results

1. Developmental phase 
The literature review, patient interviews and expert review 

resulted in 46 initial items. Factor analysis was conducted  
using data from the first developmental study of 465 pati-
ents from 11 hospitals to examine content validity and for 

item reduction. The KMO measure of sampling adequacy 
and Bartlett’s test value were 0.905 and < 0.001, respectively,  
indicating suitability of the data for factor analysis. The pres-
ence of 11 domains was determined by inspection of a scree 
plot. Eight items were considered for elimination on the basis 
of construct validity and internal consistency. Among these 
eight items, three items (“Have you ever been annoyed?” 
“Do you feel that food fills you up?” and “Has your hair 
fallen out?”) were removed on the bases of reduced internal 
consistency as estimated by the Cronbach’s alpha, and one 
item (“Do you have difficulty in defecating because of hard 
stools?”) was divided into two items to clarify ambiguous 
questioning (“Do you feel uncomfortable due to constipa-
tion?” and “Do you have hard stools?”). After discussion 
among the investigators, the other four items remained in the 
instrument given their clinical significance. Finally, the first 
draft instrument was reduced to 44 items with 11 domains. 

The second exploratory factor analysis was performed 
on the data from the second developmental study of 499  
patients from 13 hospitals. The KMO measure and Bartlett’s 
test value were 0.923 and < 0.001, respectively, and eight  
domains were selected by inspection of a scree plot. Among 
five candidate items for elimination, two (“Are you uncom- 
fortable with bad breath?” and “Do you have watery 
stools?”) were deleted and three retained due to their clinical 
significances after discussion among the investigators. Two 
items (“Has your sense of taste changed?” and “Is it difficult 
for you to swallow food?”) from the indigestion domain had 
Pearson correlation coefficient of 0.7, and were removed after 
review by the phychometrician. The final questionnaire con-
sisted of 40 items with 11 domains (KOQUSS-40).

2. Validation of KOQUSS-40
The structure of the KOQUSS-40 questionnaire is sum-

Table 1.  Structure of the KOQUSS-40 questionnaire for evaluat-
ing postgastrectomy symptoms and quality of life

Domain No. of items Items

General quality of life 3 1, 2, 3
Indigestion  6 6, 7, 8, 9, 10, 11
Dysphagia 3 12, 13, 14
Reflux 3 15, 16, 17
Dumping syndrome 5 18, 19, 20, 21, 22
Bowel habit change 5 23, 24, 25, 26, 27
Constipation 2 28, 29
Psychological factors 5 30, 31, 32, 33, 34
Worry about cancer 3 35, 36, 37
Scar problems 3 4, 38, 39
Financial problems 2 5, 40
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marized in Table 1. Among the 40 items, 32 items address 
postgastrectomy symptoms in eight domains, while eight 
items were retained in the questionnaire given their clinical 
importance based on expert consensus. The eight domains 
are indigestion, dysphagia, reflux, dumping syndrome, 
bowel habit changes, constipation, psychological factors, and 
worry about cancer. The English version of the KOQUSS-40 
was developed via translation from Korean to English by 
two independent bilingual translators and back-translation 
by two other independent bilingual translators. The English 
and Korean versions of the KOQUSS-40 are provided in S1 
and S2 Tables.   

KOQUSS-40 data from 413 patients from 12 hospitals were 
included for the validation study. Among these participants, 
140 patients completed the questionnaire twice for the test-
retest analysis. The mean time and standard deviation (SD) 
between gastrectomy and survey response was 20.4 months 
(SD, 16.8), and 40.3% of the patients received gastrectomy 
within one year of the survey.

Table 2 shows the demographic and clinicopathological 
characteristics of the patients who participated in the vali-
dation study. The mean age was 59.7 years and there were 
more male than female patients (66.1% males). Most patients 
were married (86.2%), had graduated high school or univer-
sity (65.1%), and had normal body mass index (58.6%). The  
majority of patients were stage I (75.8%), and distal gastrecto-
my (73.1%) and laparoscopic (67.1%) were the most frequent 
surgical extent and approach, respectively. 

Descriptive statistics of the 40 items showed that there 
was no missing data, and all item scores ranged from 1 to 4  
except for item number 38 (S3 Table). Item number 38 was a 
question about pain in the surgical scar, and no respondents 
checked score 4 (strongly agree) to this question. The abso-
lute values of skewness and kurtosis were less than 3 and 10, 
respectively. 

Statistical modeling was used to evaluate the fit of the 
questionnaire structure of 32 items among eight domains 
for assessing postgastrectomy symptoms. The goodness of 
fit indices, chi-squared statistic, degrees of freedom, Bentler 
CFI, SRMR, and RMSEA were 1,482.92, 499, 0.830, 0.073, and 
0.069 (95% confidence interval, 0.065 to 0.073), respectively. 
The ratio of the chi-square to the degrees of freedom was < 5, 
suggesting good model fit. Although the Bentler CFI failed to 
meet the recommended criterion according to the literature, 
SRMR < 0.08 was interpreted as denoting good fit. Addition-
ally, the upper 95% confidence interval of RMSEA was < 0.08, 
confirming good model fit. 

The correlation matrix indicated that most item-pairs were 
moderately correlated (r < 0.7) except for two pairs of items 
that were borderline high (0.7 and 0.69). The correlation coef-
ficients between items and their own domains were accept-

able and ranged from 0.2 to 0.6. Weak correlations between 
items and other domains were observed. 

To evaluate criterion validity, the summary scores for the 
KOQUSS-40, EORTC QLQ-C30, and STO22 were investigat-
ed (Table 3). The summary scores of the KOQUSS were calcu-
lated as the mean of eight of the 11 domains, since the eight 
domains were derived from the exploratory factor analyses, 
but the other items were retained without statistical analy-
sis based on expert consensus. The correlation coefficient 

Table 2.  Patient demography and clinicopathological character-
istics in the validation study

Characteristic No. (%)

Age, mean±SD (yr) 59.7±10.8
Sex 
    Male 273 (66.1)
    Female 140 (33.9)
Marital status 
    Never married 26 (6.3)
    Living as married 356 (86.2)
    Widowed/Divorced/Separated 18 (4.4)/12 (2.9)/1 (0.2)
Education 
    Elementary school 34 (8.2)
    Middle school 62 (15.0)
    High school 143 (34.6)
    University or higher 126 (30.5)
    Unknown 48 (11.6)
BMI (kg/m2) 
    < 18.5 13 (3.1)
    18.5-25.0 242 (58.6)
    > 25.0 158 (38.3)
Surgical approach 
    Open  121 (29.3)
    Laparoscopic  277 (67.1)
    Robotic  15 (3.6)
Extent of gastrectomy 
    Distal 302 (73.1)
    Total  81 (19.6)
    Pylorus-preserving 21 (5.1)
    Proximal 9 (2.2)
Stage 
    1 313 (75.8)
    2 58 (14.0)
    3 40 ( 9.7)
    4 2 (0.5)
Adjuvant chemotherapy 
    None 314 (76.0)
    In chemotherapy 38 (9.2)
    History of complete chemotherapy 52 (12.6)
    History of incomplete chemotherapy 9 (2.2)
BMI, body mass index; SD, standard deviation.
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between the KOQUSS-40 and EORTC QLQ-C30 summary 
scores was 0.821 (p < 0.001), and between the KOQUSS-40 
and QLQ-STO22 summary scores was 0.778 (p < 0.001), both 
indicating that the trend in the information captured by the 
KOQUSS-40 followed the same trend as the other instru-
ments. The constipation domain exhibited a high correlation 
coefficient only with the constipation item of the EORTC 
QLQ-C30, exhibiting excellent discrimination for constipa-
tion. 

Regarding clinical validity, the mean scores of each domain  
were compared between patients who experienced weight 
loss of 10% or more after surgery and those who did not. 
Patients with weight loss of 10% or more had significantly 
lower scores in most domains, indicating that the ques-
tionnaire most likely appropriately capture the decreased 
QoL experienced by these patients (Table 4). Similar results 
were observed in patients who received total gastrectomy 
compared with those who received subtotal gastrectomy.  
Domains related to gastrointestinal symptoms did not dif-
fer significantly for patients who received open surgery 
and those who received laparoscopic/robotic surgery. Only 
worry about cancer and financial problems had higher scores 
and scar problems had lower scores in the laparoscopic/ 
robotic group compared with the open group. Moreover,  
patients diagnosed with stage II or higher gastric cancer had 
higher scores for constipation and lower scores for worry 
about cancer and financial problems compared with those 
diagnosed with stage I gastric cancer. There were no signifi-
cant differences in the other domains between groups (data 
not shown). 

The instrument had acceptable internal consistency, with 
the Cronbach’s alpha for each factor in the range 0.576 to 
0.868 (Table 5). In the test-retest analysis, the Spearman’s cor-
relation coefficient between the two time points was 0.819  
(p < 0.001).

Discussion

This study was undertaken by the KOQUSS group to  
address the need to assess postgastrectomy symptoms and 
QoL appropriately in clinical studies. In this study, we pre-
sented the development and validation of the KOQUSS-40, 
a symptom-focused questionnaire for patients with gastric 
cancer who have received gastrectomy. The KOQUSS-40 in 
its final form resulted in a 40-item questionnaire consisting 
of 11 domains. 

The most important characteristic of the KOQUSS-40 is 
its focus on the assessment of symptoms after gastric cancer 
surgery. Conventional gastric cancer-specific questionnaires, 
such as the EORTC QLQ-STO22 and FACT-Ga, measure gen-Ta
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eral gastrointestinal symptoms instead of postgastrectomy 
syndrome [3,4]. These instruments were also developed for 
use in inoperable tumor, as well as those who received chem-
otherapy or radiotherapy as their primary therapy. Notably, 
these questionnaires do not assess symptoms that result from 
surgery for gastric cancer, including dumping syndrome, 
which is the most common symptom after gastrectomy. The 
KOQUSS-40 questionnaire consists of six items that address 
indigestion and five items that address dumping syndrome; 
these two domains represent the most frequent symptoms of 
patients who have received gastrectomy.

Recently, a Japanese study group developed the PGSAS-45 
for patients after gastrectomy [9]. This questionnaire is a 
combination of preexisting QoL questionnaires, such as the 
Short Form-8 Health and the Gastrointestinal Symptom Rat-
ing Scale, and as well as the newly designed postgastrectomy 
syndrome-specific items. An advantage of the PGSAS-45 is 
that it includes a broad range of gastrointestinal symptoms, 
including postgastrectomy syndrome. However, PGSAS-45 
is exclusively available in Japanese and has not been validat-
ed for different cultural groups. Studies using the PGSAS-45 
have demonstrated differences in QoL according to the  
extent of gastrectomy and function preservation; however, 
all these studies were conducted exclusively in Japanese  
institutions, with Japanese patients [22-24].

A notable characteristic of the KOQUSS-40 questionnaire 
is its inclusion of items that clinicians have observed to be 
important to their patients, beyond that of postgastrectomy 
symptoms alone. These eight items assess general health 
(item nos. 1, 2, and 3), scar problems (item nos. 4, 38, and 
39), and financial problems (item nos. 5 and 40). In particu-
lar, items that assess scar and financial problems are poten-
tially helpful for examining whether QoL is improved with 
minimally invasive surgery. Clinical trials are currently  
underway to examine the utility of minimally invasive tech-
niques for the treatment of gastric cancer. A QoL assessment 
tool that can capture potential benefits of minimally invasive 
surgery is important to assess QoL properly in trials that  

examine open vs. minimally invasive surgical techniques. 
One previous study unexpectedly reported worse QoL 
in patients who received laparoscopic surgery compared 
with those who received open surgery, and this was felt to 
be the result of the QoL measure being unable to capture  
appropriately the benefits of minimally invasive surgery 
[5,25]. Similarly, in a different study, no significant difference 
in QoL between totally laparoscopic surgery and laparos-
copy-assisted surgery was found [26]. The KOQUSS ques-
tionnaire measures satisfaction with scarring and the level 
of financial difficulty experienced by the patient, which has 
potential to detect the advantages and disadvantages of a 
minimally invasive approach. In our clinical validation, sat-
isfaction with the scar was significantly higher in the laparo-
scopic/robotic group. However, this group had lower QoL 
in terms of worry about cancer and financial problems com-
pared with the open group. 

A summary scoring system was developed for the  
KOQUSS-40 questionnaire. In conventional instruments, 
QoL has been assessed as a separate score for each domain, 
and the overall superiority of different surgical methods 
regarding QoL could not be determined [5,7]. Recently, a 
summary scoring system for the EORTC QLQ-C30 was  
introduced, and this was found to be better at discriminating 
between groups known to be clinically different compared 
with the conventional method [17,27]. The KOQUSS-40 was 
developed to allow for the examination of single domains 
as well as the summary scores, and is useful for evaluating 
both each symptom and overall symptoms (summary score) 
in clinical trials. 

Some limitations of this study are as follows. The KOQ-
USS-40 questionnaire was developed in the Korean language 
and has not been validated in other cultural contexts. There-
fore, cross-cultural adaptation studies in other countries 
are necessary. Second, most patients included in this study  
received gastrectomy for stage I gastric cancer and had rela-
tively favorable prognoses. Symptoms related to advanced 
disease or other treatment, such as chemotherapy and radio-
therapy, were not included in the KOQUSS-40. 

In conclusion, the KOQUSS-40 questionnaire was devel-
oped to assess QoL among patients who have received gas-
trectomy for gastric cancer. The KOQUSS-40 questionnaire 
is an effective instrument for assessing the status of patients 
after gastrectomy and is useful for assessing the effect of sur-
gical techniques on QoL.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and Treat-
ment website (https://www.e-crt.org). 

Table 5.  Internal consistency of questionnaire domains

Gastrectomy symptom No. of Cronbach’s
  domains items alpha

Indigestion 6 0.854
Dysphagia 3 0.729
Reflux 3 0.780
Dumping syndrome 5 0.755
Bowel habit change 5 0.741
Constipation 2 0.749
Psychological factors 5 0.822
Worry about cancer 3 0.576
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Introduction

Colorectal cancers (CRCs) confined to the submucosa (pT1) 
are found in approximately 5%-13% of overall CRC patients. 
[1,2] Although curative resection anticipates good clinical 
outcomes in T1 CRC, non-surgical treatment is of interest due 
to reduced additional burden. Accurate prediction of lymph 
node metastasis (LNM) after endoscopic resection or local  
excision is essential for deciding if additional curative resec-
tion is needed. Japanese Society for Cancer of the Colon and 
Rectum (JSCCR) guidelines (“Japanese criteria”) recommends 
an additional surgical resection if one or more of the following 
is applicable: (1) positive vertical resection margin; (2) depth 
of submucosa invasion ≥ 1,000 μm; (3) lymphovascular inva-
sion (LVI) positive; (4) poorly differentiated adenocarcinoma, 
signet ring cell carcinoma, or mucinous carcinoma; or (5) 
grade 2/3 budding at the site of deepest invasion [3]. This cri-

terion is based mainly on pathologic features of the obtained 
specimens. In fact, most of the patients who underwent such 
additional surgeries harbor no metastatic lymph nodes [4-6], 
resulting in overtreatment. The probability of LNM is known 
to increase with more risk factors [7], but these additional 
risks do not seem to be taken into account because the current 
guidelines only make all-or-nothing decisions based on each 
included variable. Given the lack of a reliable tool that can 
predict LNM, additional biomarkers have been investigated 
to raise the predictability using different approaches [8,9].

Tumor-infiltrating lymphocytes (TILs) mediate local host 
anti-tumor immunity of human malignancies and are known 
to be important prognostic factors in various cancers [10,11]. 
TILs are composed of various regulatory subtypes. CD8+ T 
lymphocytes are critical effectors of anti-tumor immunity 
and CD4+ T lymphocytes help induce, maintain, and memo-
rize CD8+ T cells [12]. A subset of T cells, called regulatory 
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T lymphocytes, inhibit anti-tumor immune reaction and are 
considered a key factor in immune escape in cancer patients. 
The transcription factor forkhead box P3 (FOXP3) functions 
as a master regulator of the development and function of 
regulatory T cells and is an important developmental factor 
for CD4+CD25+ T regulatory cells that distinguishes ‘‘regula-
tory cells’’ from conventional ‘‘helper cells’’ among the CD4+ 
helper T cells [13,14]. Previous studies have demonstrated 
that immunoscores (defined as summation of specific num-
ber imposed according to the densities of CD3+ or CD8+ posi-
tive cells in tumor center [TC] and invasive margin [IM]) are 
better at estimating patient’s prognosis compared to the TNM 
stage system in colon and rectal cancers, respectively [15]. 
Nevertheless, the respective prognostic role of spatial distri-
bution of CD3+ and CD8+ in stage II and stage III CRC showed 
different results [16,17]. Moreover, the role of TILs in predict-
ing LNM in T1 CRC has not been investigated sufficiently. 

Machine learning–based algorithms have been widely used 
in clinical decision making [18]. Of them, the least absolute 
shrinkage and selection operator (LASSO) is one of the most 
commonly used algorithms and its clinical efficacy has been 
demonstrated previously [17,19]. Such situations could yield 
many insights for the adoption of machine learning algo-
rithms in predicting LNM in T1 CRC. 

The aim of the present study was to investigate the predic-
tive value of immunohistochemistry (IHC) results of TILs 
in addition to routinely reported pathologic parameters. In  
addition, we hypothesized that a machine learning–based  
algorithm that incorporated TILs and conventional histo-
pathologic parameters could be used to improve the predic-
tive accuracy of detecting LNM in T1 CRC patients undergo-
ing curative resection. 

Materials and Methods
 
1. Patients and samples

Patients were identified from a prospectively collected 
database of CRC resections in a tertiary referral center. This 
retrospective, single center based study initially considered 
a total of 381 patients who had undergone potentially cura-
tive resection of pathologic T1 CRC between April 2004 and 
December 2011. In case of CRCs treated with endoscopic pro-
cedures such as endoscopic mucosal resection or endoscopic 
submucosal dissection, surgeons usually recommended  
additional curative surgical resection with lymph node dis-
section to the patients when invasion to submucosa or deep-
er was suspected, resection margin was either vertical or 
lateral involvement was detected, LVI was noted, or poorly 
differentiated or mucinous/signet ring cell carcinoma were 
reported. In this study, we included surgically resected speci-

mens only, which allowed us to evaluate the correct patho-
logic LNM status. 

The inclusion criteria for this study was the availability of 
formalin-fixed, paraffin-embedded tissue. Exclusion criteria 
were as follows: those who underwent neoadjuvant therapy, 
such as preoperative chemoradiotherapy for rectal cancer 
or neoadjuvant chemotherapy for colon cancer; those who  
underwent emergency operations; those who had a history 
of hereditary nonpolyposis CRC, ulcerative colitis or Crohn’s 
disease; those who was diagnosed as stage IV; and patients 
with missing data i.e., total retrieved lymph node numbers. 

Finally, 316 patients met the inclusion criteria and consti-
tute the study cohort. This study conforms to the TRIPOD 
(Transparent Reporting of a Multivariable Prediction Model 
for Individual Prognosis or Diagnosis) statement for studies 
developing a prediction model. 

2. Pathologic evaluation
For this retrospective study, the examinations of patholog-

ic features, including depth of gross morphology, histologic 
grade, depth of submucosa invasion, LVI, tumor budding, 
presence of background adenoma (BGA), and immuno-
chemical examinations were conducted by a single experi-
enced pathologist (Y.J.C.) who did not know the patient’s 
clinical outcomes or LNM status.

Level 2 of Haggitt’s classification for pedunculated type 
and muscularis mucosae in other non-pedunculated type, 
such as sessile and superficial cancers, were used as baseline. 
The vertical distance from baseline to the deepest invasive 
lesion was used as the depth of invasion in our study [4]. 
Tumors were classified histologically as: well, moderately, 
and poorly differentiated adenocarcinomas or as mucinous 
or signet ring cell type, based on the most predominant 
histologic feature [8]. Tumor budding is a cancer cell clus-
ter composed of fewer than five cancer or undifferentiated 
cells, isolated from large cancer portions without forming 
a unique structure [20]. After selecting the area where bud-
ding foci was most intense, the number of budding foci were 
counted using a magnification of ×200 in hematoxylin and 
eosin stained (H&E) slides. Tumor budding was defined as 
high in case of presence of more than five tumor budding, 
otherwise it was defined as low [21]. LVI was evaluated  
using H&E slides. 

3. IHC and evaluation of IHC results using image analysis 
software

Representative sections of primary tumors were pro-
cessed for additional immunohistochemical staining with 
antibodies against mismatch repair (MMR) status (MLH1 
[1:400, clone ES05, Leica Biosystems, Newcastle upon Tyne, 
UK] and MSH2 [1:800, clone G219-1129, Cell Marque, Rock-
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lin, CA]) and TILs such as CD3 (1:200, clone F7.2.38, Dako, 
Glostrup, Denmark), CD8 (1:100, clone C8/144B, Dako), 
and FOXP3 (1:150, clone 236A/E7, Abcam, Cambridge, UK) 
using a BOND-MAX automatic stainer (Leica Biosystems, 
Melbourne, Australia) with Bond Polymer Refine Detection 
(Leica Biosystems, Newcastle upon Tyne, UK) kit. 

To evaluate the MMR status, adjacent normal colon tissue 
served as an internal control for positive staining and a nega-
tive control staining was carried out without the primary 
antibody. Expression was reported as either MMR proficient 
(tumor cell nuclear expression with positive immune cell 
expression) or MMR deficient (tumor nuclear expression  
absent with normal immune cell expression). 

An automated imaging software program (Image Pro Plus 
ver. 7.0, Media Cybernetics, Rockville, MD) was used to eval-
uate the percentage of each TILs subtype among the detected 
cells. The density of TILs was expressed by measuring the 
area occupied by mononuclear cells over the stromal area 
captured by NIS-Element F (ver. 4.30, Nikon, Tokyo, Japan) 
under ×400 magnification. Immunoreactivity was measured 
at two points: in the center of the tumor (TC) and in the IM 
(S1 Fig.). Spatial location of TC and IM was selected by the 
pathologist. The mean percentage of the three areas occupied 
by TILs in TC and IM per section was reported as the density 
of TILs.

4. Development of LASSO-derived prediction model in the 
training set

A total of 316 patients were allocated to the training and 
validation sets using computer-generated random sampling 
at a fixed ratio; 70% of the patients were assigned to the train-
ing set and the remaining 30% were assigned to the valida-
tion set. 

Using clinicopathologic variables, including TILs informa-
tion dichotomized into high and low subgroups according 
to the spatial distributions, LASSO regression was used to 
generate the predictive model in the training set. LASSO  
regression is known to be able to remove unimportant vari-
ables via the regression coefficients penalizing the size of the 
parameters. Applying the LASSO regression method, fea-
ture selection and predictive signature building was done. 
LASSO regression shrinks the coefficient estimates toward 
zero, with the degree of shrinkage dependent on an addi-
tional parameter, λ. To determine the optimal values for λ, 
a 10-time cross-validation was used, and we chose λ via the 
minimum criteria. The LASSO model was designed to pre-
dict the presence of LNM in patients with T1 CRC and is the 
linear predictor of the binary model built on the training set 
with selected variables via LASSO algorithm.

5. Validation of LASSO model using area under the receiv-
er operating characteristic, net reclassification improve-
ment, integrated discrimination improvement, and deci-
sion curve analysis in the validation set

The performance of the LASSO model, in comparison to 
Japanese criteria, was measured via area under the receiver 
operating characteristic (AUROC) analysis, net reclassifica-
tion improvement (NRI), integrated discrimination improve-
ment (IDI) calculation, and decision curve analysis (DCA) 
in the validation set. NRI quantifies the net proportion of  
patients with and without event of interest who are reclassi-
fied as higher and lower risk, respectively. 

6. Statistical analysis
The clinicopathologic characteristics were analyzed using  

a variance test where appropriate. The chi-square test or 
Fisher exact test was used for comparison of categorical vari-
ables. Continuous variables were analyzed via Student t test 
or Mann-Whitney U test. The cutoff values for all immuno-
histochemical markers were determined at the maximum of 
Youden’s index and the maximum of accuracy. A univari-
able analysis was performed to calculate the odds ratio of 
the single variables in the logistic regression (LR) model after 
entering one of the variables under investigation. Univari-
able analysis denoted the association between LNM and the 
parameter through a 1:1 matching. 

A two-sided p-value less than 0.05 was considered statis-
tically significant. All statistical analyses were performed  
using SPSS software ver. 23.0 (IBM Corp., Armonk, NY) and 
R ver. 3.5.1 (R-project, Institute for Statistics and Mathemat-
ics, Vienna, Austria). 

Results

1. Patient characteristics
Three hundred and sixteen patients were included in our 

analysis. Our initial cohort was categorized into 221 patients 
in the training set and the remaining 95 patients in the vali-
dation set. LNM was detected in 29 (13.1%) and 12 (12.6%) 
patients after a curative resection in the training and valida-
tion sets, respectively.

Table 1 demonstrates the characteristics of the training and 
the validation set. No significant differences were observed 
with respect to sex, age, tumor location, depth of invasion, 
LVI, tumor budding, BGA, LNM, and the rate of MMR  
between the two groups. In contrast, proportion of more than 
five of carcinoembryonic antigen (CEA); proportion of G2, 
G3, and mucinous type; and proportion of pedunculated 
morphology were significantly higher in the validation set 
(all p < 0.05). 



2. Distribution of TILs and defining cut-off value of TILs 
in the training set

Distribution of TILs according to LNM based on the ana-
tomical location are illustrated in S2 Fig. We found no sig-
nificant difference in the mean numbers between the LNM 
status. Receiver operating characteristic curve analysis to 
predict LNM based on each TILs subtype’s densities and 

AUROC values are shown in S3 Fig. and S4 Table. Area  
under the curve (AUC) values are 0.55, 0.50, 0.50, 0.59, 0.52, 
and 0.53 in CD3_invasive margin (CD3_IM), CD3_tumor 
center (CD3_TC), CD8_invasive margin (CD8_IM), CD8_ 
tumor center (CD8_TC), FOXP3_invasive margin (FOXP3_
IM), and FOXP3_tumor center (FOXP3_TC), respectively. 
We calculated the cut-off value of each TILs subtype using  

Table 1.  Comparison of clinicopathological characteristics between the training and validation set

 Training set (n=221) Validation set (n=95) p-value

Sex
    Male 123 (55.7) 59 (62.1) 0.347
    Female 98 (44.3) 36 (37.9) 
Age (yr)   
    < 70 177 (80.1) 77 (81.1) 0.966
    ≥ 70 44 (19.9) 18 (18.9) 
Preoperative CEA (ng/mL)   
    < 5.0 208 (94.1) 73 (76.8) < 0.001
    ≥ 5.0 13 (5.9) 22 (23.2) 
Tumor location   
    Colon 129 (58.4) 60 (63.2) 0.502
    Rectum 92 (41.6) 35 (36.8) 
Retrieved lymph node numbers  12 (7-17) 14 (12-21) < 0.001
Depth of invasion (μm)   
    < 1,000 20 (9.0) 6 (6.3) 0.557
    ≥ 1,000 201 (91.0) 89 (93.7) 
Histologic gradea)   
    G1 93 (42.1) 28 (29.5) 0.047
    G2, G3, etc. 128 (57.9) 67 (70.5) 
LVI   
    Present 27 (12.2) 14 (14.7) 0.668
    Absent 194 (87.8) 81 (85.3) 
Gross morphology   
    Pedunculated 17 (7.7) 16 (16.8) 0.025
    Flat and sessile 204 (92.3) 79 (83.2) 
Tumor buddingb)   
    Low grade 88 (39.8) 38 (40.0) > 0.99
    High grade 133 (60.2) 57 (60.0) 
Background adenoma   
    Present 196 (88.7) 84 (88.4) > 0.99
    Absent 25 (11.3) 11 (11.6) 
LNM   
    Negative 192 (86.9) 83 (87.4) > 0.99
    Positive 29 (13.1) 12 (12.6) 
MMR   
    MMR-deficient 14 (6.3) 8 (8.4) 0.669
    MMR-proficient 207 (93.7) 87 (91.6) 
Values are presented as number (%) or median (IQR). CEA, carcinoembryonic antigen; IQR, interquartile range; LNM, lymph node  
metastasis; LVI, lymphovascular invasion; MMR: mismatch repair. a)Histologic grade: G1, well differentiated; G2, moderately differenti ated; 
G3, poorly differentiated, b)Tumor budding grade was as follows: grade 1, 0-4/grade 2, 5-9/grade 3, 10 or more. Grade 1 was defined as low 
grade and grade 2/3 as high grade.
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Table 2.  Univariable analysis for predicting lymph node metastasis in the training set (n=221)

 LN positive, n (%)
                            Univariable analysis

  OR (95% CI) p-value 

Sex 
    Female 14/98 (14.3) Reference 
    Male 15/123 (12.2) 0.833 (0.37-1.83) 0.647
Age (yr)   
    < 70 24/177 (13.6) Reference 
    ≥ 70 5/33 (11.4) 0.817 (0.26-2.12) 0.699
Preoperative CEA (ng/mL)   
    < 5.0 27/208 (13.0) Reference 
    ≥ 5.0 2/13 (15.4) 1.218 (0.18-4.86) 0.803
Tumor location   
    Colon 14/129 (10.9) Reference 
    Rectum 15/92 (16.3) 1.6 (0.72-3.53) 0.239
Depth of invasion (μm)   
    < 1,000 3/20 (15.0) Reference 
    ≥ 1,000 26/201 (12.9) 0.841 (0.25-3.78) 0.794
Histologic gradea)   
    G1 7/93 (7.5) Reference 
    G2, G3, etc. 22/128 (17.2) 2.549 (1.08-6.70) 0.040
LVI   
    Absent 20/194 (10.3) Reference 
    Present 9/27 (33.3) 4.35 (1.67-10.84) 0.001
Gross morphology   
    Pedunculated 2/17 (11.8) Reference 
    Flat and sessile 27/204 (13.2) 1.144 (0.29-7.51) 0.863
Tumor buddingb)   
    Low grade 10/133 (7.5) Reference 
    High grade 19/88 (21.6) 3.387 (1.52-7.97) 0.003
Background adenoma   
    Present  22/196 (11.2) Reference 
    Absent 7/25 (20.0) 3.075 (1.09-7.96) 0.024
MMR   
    MMR-deficient 1/14 (7.1) Reference 
    MMR-proficient 28/207 (13.5) 2.033 (0.38-37.65) 0.502
CD3_IM   
    Low (< 11.3) 10/55 (18.2) Reference 
    High (≥ 11.3) 19/166 (11.4) 0.581 (0.25-1.38) 0.203
CD3_TC   
    Low (< 9.2) 2/39 (5.1) Reference 
    High (≥ 9.2) 27/182 (14.8) 3.222 (0.90-20.53) 0.121
CD8_IM   
    Low (< 28.2) 29/199 (14.6) Reference 
    High (≥ 28.2) 0/27 (0) 0 (NA-1.68e+26) 0.990
CD8_TC   
    Low (< 18.5) 24/133 (18.0) Reference 
    High (≥ 18.5) 5/88 (5.7) 0.273 (0.08-0.69) 0.011
FOXP3_IM   
    Low (< 15.1) 16/99 (16.2) Reference 
    High (≥ 15.1) 13/122 (10.7) 0.618 (0.27-1.35) 0.230
(Continued to the next page)



Youden’s index to be 11.3, 9.2, 28.2, 18.5, 15.1, and 20.3 in 
CD3_IM, CD3_TC, CD8_IM, CD8_TC, FOXP3_IM, and 
FOXP3_TC, respectively (S4 Table). Each TILs subtype was 
categorized as high or low according to these cutoff values. 

3. Univariable analysis using clinicopathologic parameters 
and TILs for predicting LNM in the training set

There was no difference in incidence of LNM due to sex, 
age, CEA level, tumor location, depth of invasion, and gross 
morphology (pedunculated versus others). Mean depth of 
invasion did not differ according to LNM (2,947 μm in lymph 
node [LN]–positive group vs. 2,550 μm in LN-negative group, 
p=0.099). Among clinicopathologic parameters, histologic 
grade (grade 1 vs. grade 2, grade 3 and etc., p=0.040), LVI 
(positive vs. negative, p=0.001), tumor budding (presence vs. 
absence, p=0.003), and BGA (absence vs. presence, p=0.024) 
were associated with LNM in the training set. With respect 
to TILs, CD8 densities in TC dichotomized as 18.5 were iden-
tified as a significant parameter for predicting LNM in the 

training set (p=0.011) (Table 2).

4. Generating LASSO model to predict LNM in the train-
ing set

The binomial deviance curve was plotted versus log (λ), 
where λ is a tuning hyperparameter. Solid vertical lines rep-
resent binomial deviance±standard error (SE). The dotted 
vertical lines are drawn at optimal values by using the mini-
mum criteria and 1-SE criteria. An optimal λ value was selec-
ted for the LASSO model by using 10-fold cross-validation 
via minimum criteria (Fig. 1A). A value of λ=0.02469015 with 
log (λ)=–3.701351 was chosen. A coefficient profile plot was 
produced against the log (λ) sequence (Fig. 1B). Training the  
optimized model with the training set resulted in nine non-
zero coefficients for histology grade (grade 1 vs. others), LVI 
(absence vs. presence), tumor budding (absence vs. presence), 
BGA (presence vs. absence), CD3_IM (high vs. low), CD3_TC 
(high vs. low), CD8_IM (high vs. low), CD8_TC (high vs. low), 
and FOXP3_TC (high vs. low) with coefficients 0.28665580, 

Fig. 1.  Selection of significant parameters in clinicopathologic variables in the training set and definition of linear predictor. (A) Ten time 
cross-validation for tuning parameter selection in the LASSO model. (B) LASSO coefficient profiles. The LASSO was used for regression of 
high dimensional predictors. The method uses an L1 penalty to shrink some regression coefficients to exactly zero. The binomial deviance 
curve was plotted versus log (λ), where λ is the tuning parameter (A). LASSO coefficient profiles of clinicopathologic variables (B). LASSO, 
least absolute shrinkage and selection operator.
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Table 2.  Continued

 LN positive, n (%)
                            Univariable analysis

  OR (95% CI) p-value 

FOXP3_TC   
    Low (< 20.3) 23/157 (14.6) Reference 
    High (≥ 20.3) 6/64 (9.4) 0.602 (0.21-1.47) 0.290
CEA, carcinoembryonic antigen; CI, confidence interval; IM, invasive margin; LN, lymph node; LVI, lymphovascular invasion; MMR, 
mismatch repair; NA, not available; OR, odds ratio; TC, tumor center. a)Histologic grade: G1, well differentiated; G2, moderately differenti-
ated; G3, poorly differentiated, b)Tumor budding grade was as follows: grade 1, 0-4/grade 2, 5-9/grade 3, 10 or more. Grade 1 was defined 
as low grade and grade 2/3 as high grade.
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0.84002838, 0.60610111, 0.33894896, –0.07225639, 0.34769731, 
–0.35012378, –0.66414982, and –0.03525056, respectively. 
The linear predictor was defined as (–2.51312270)+histo- 
logy grade (grade 1 vs. others)×(0.28665580)+LVI (absence  
vs. presence)×(0.84002838)+tumor budding (absence vs. pre- 
sence)×(0.60610111)+BGA (presence vs. absence)×(0.3389-
4896)+CD3_IM (high vs. low)×(–0.07225639)+CD3_TC (high 
vs. low)×(0.34769731)+CD8_IM (high vs. low)×(‒0.35012378)+ 
CD8_TC (high vs. low)×(–0.66414982)+FOXP3_TC (high vs. 
low)×(–0.03525056).

5. Performance of the LASSO model in the validation set
AUROC comparison of the LASSO model in the training 

and validation sets showed similar results. (AUROC, 0.795 
vs. 0.765; p=0.747) (Fig. 2). In Japanese criteria, patients with  
either one of the following results were classified as positive 

Fig. 2.  Comparison of AUROC between LASSO model in the 
training and validation sets and Japanese criteria in the valida-
tion set. AUC, area under the curve; AUROC, area under the  
receiver operating characteristic; CI, confidence interval; LAS-
SO, least absolute shrinkage and selection operator.
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Table 3.  NRI and IDI in the training set and the validation set

                            Training set (n=221)                    Validation set (n=95)

 Japanese criteria vs. LASSO model p-value Japanese criteria vs. LASSO model p-value 

NRI (95% CI)a) 0.722 (0.402-1.041) < 0.001 0.447 (0.041-0.854) 0.039
IDI (95% CI) 0.187 (0.100-0.274) < 0.001 0.121 (0.008-0.234) 0.034 
CI, confidence interval; LASSO, least absolute shrinkage and selection operator; NRI, net reclassification improvement. a)Cutoff of “0, 0.1, 
0.2, 1” was used in this analysis.

Fig. 3.  Decision curve analysis of Japanese criteria and LASSO model in the training (A) and validation (B) set. The y-axis measures the net 
benefit. The green line represents the LASSO model. The red line represents the Japanese criteria. The gray line represents the assumption 
that all patients underwent surgeries. The black line represents the assumption that patients underwent no surgeries. The net benefit was 
calculated by subtracting the proportion of all patients who are false positive from the proportion who are true positive, weighting by the 
relative harm of forgoing treatment compared with the negative consequences of an unnecessary treatment. The decision curve showed 
that if the threshold probability of a patient or doctor is >10%, using the LASSO model in the current study to predict LNM adds more 
benefit than the treat-all-patients scheme or the treat-none scheme. For example, if the personal threshold probability of a patient is 20% 
(i.e., the patient would opt for surgery if his/her probability of LNM was > 20%), then the net benefit is 0.35 when using the LASSO model 
to make the decision of whether to undergo surgery, with added benefit than the treat-all scheme or the treat-none scheme. This decision 
curve analysis showed that the net benefit was comparable on the basis of the Japanese criteria and the treat-all or treat-none strategies. 
LASSO, least absolute shrinkage and selection operator; LNM, lymph node metastasis.
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for the surgery group (coded as 1) and other patients were 
denoted as negative for the surgery group (coded as 0): posi-
tive vertical resection margin, depth of submucosa invasion 
≥ 1,000 μm, LVI positive, poorly differentiated adenocarci-
noma, signet ring cell carcinoma, or mucinous carcinoma or 
grade 2/3 budding at the site of deepest invasion. 

In the validation set, AUROC demonstrated better predic-
tive accuracy of LASSO model compared to Japanese criteria 
(0.765 in the LASSO model vs. 0.518 in the Japanese criteria, 
p=0.003) (Fig. 2). In addition, the LASSO model showed sig-
nificantly improved prediction for LNM compared to Japa-
nese criteria, as measured by NRI (0.447, p=0.039) and IDI 
(0.121, p=0.034) (Table 3). DCA showed positive net benefit 
in using LASSO model in the training set and validation set,  
respectively (Fig. 3). Sensitivity, specificity, positive predic-
tive value, and negative predictive value using the LASSO 
model at each cut-off point in overall set are illustrated in S5 
Table. 

6. Clinical significance of immunoscore-like score in pre-
dicting LNM in T1 CRC

Immunoscore-like score was calculated based on the rec-
ommendation [15]. In our cohort, there was no difference 
in immunoscore-like score between the LN positive and the 
negative group (p=0.630) (S6 Fig.).

Discussion

Previous studies investigating predictors of LNM in T1 
CRC mainly focused on histopathologic parameters [4,22]. 
Although we expect the combination of pathologic risk fac-
tors could help in discriminating the risk of LNM in most 
patients with T1 CRC, more than 80% of the patients who 
were candidates for additional surgery were node-negative 
in final pathologic examinations. This study demonstrated 
that a machine learning–based algorithm that incorporated 
clinicopathologic parameters and TILs showed high predic-
tive accuracy of LNM in T1 CRC and had superior discrimi-
natory performance when compared with the conventional 
Japanese criteria.

Although prognostic value of the inflammatory cell reac-
tion on survival in CRC has been thoroughly studied, the 
role of lymphocytic infiltration on LNM in early CRC has 
not been studied as extensively. A previous study consider-
ing peritumoral lymphocytic infiltration (PLI) as one of the 
candidates to predict LNM did not reveal any difference 
of PLI rate between the node-positive and node-negative 
groups. [20] Although statistically insignificant, the rate of 
PLI was conspicuous—at 8.3% in the node-positive group 
and 22.6% in the node-negative group (p=0.1). Considering 

the relatively low number of enrolled patients (n=111), the 
lack of association might be due to a type-II error [20]. Com-
pared to the H&E slide–based evaluation of PLI in the previ-
ous study, we evaluated the role of IHC-stained TILs at dif-
ferent anatomical subsites, such as IM and TC. Univariable 
analysis demonstrated that lower densities of CD8+ T cells 
in TC were significantly correlated with higher rate of LNM 
in T1 CRC. In the equation that formed the linear predictor 
of LASSO model, the absolute value of CD8_TC (0.66414982) 
was larger than that of other IHC values. This result indi-
cates that CD8_TC acted as one of the most obvious factors 
in predicting LNM, which was predictable from the results of 
univariable analysis.

A recent meta-analysis reported that the clinical signifi-
cance of various TILs in CRC showed definite differences  
according to anatomical subsites [23]. High densities of CD3+ 
T cells indicated poor disease-free survival (DFS) in the  
invasive margin, whereas high densities of CD8+ T cells 
were a favorable prognosticator with respect to DFS in  
tumor center. Furthermore, several studies demonstrated 
that the significance of specific TILs according to spatial 
distribution might be different depending on the stage. One 
study revealed that both CD3+ T cells in both TC and IM are 
favorable prognosticators in stage III colon cancer, whereas 
another study observed the same trends only in stage II  
colon cancer but not in stage III colon cancer [16,17]. As 
far as we know, the clinical significance of spatial distribu-
tion of TILs as a predictor of LNM in T1 CRC has not been  
investigated sufficiently. When applying LR-based univaria-
ble or multivariable analysis, only CD8_TC would be left as an  
independent factor. In contrast, using LASSO model, we can 
estimate the relative role of each spatial TILs subtype using 
the coefficients imposed on respective variables. Along with 
CD8_TC, CD3_TC, and CD8_IM are thought to have a cer-
tain role in predicting LNM, although the direction of CD3_
TC and CD8_IM would be different. Considering the differ-
ent roles of each TILs subtype depending on the anatomical 
subsites or stages in non-metastatic CRC patients, it appears 
that our LASSO model is more reflective of the complex  
interactions of each TILs subtype. Further research is requi-
red to confirm our hypothesis.

Several recent studies have introduced machine learning 
algorithms for predicting LNM in T1 CRC [18,24,25]. It was 
reported that an artificial intelligence model using support 
vector machine (SVM) showed better discrimination than the 
LR-based model (AUC; 0.821 in SVM vs. 0.789 in LR, p=not 
stated) among 100 validation sets out of 690 T1 CRC patients 
[18]. The other study developed a random forest classifier–
based prediction model using cytokeratin immunostaining 
images of resected whole slide images and reported similar 
predictive ability (AUC, p=0.1) and fewer false-negative cas-
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es compared to the LR-based clinical model [24]. However, 
one should bear in mind that the LR-based clinical models 
that were used to compare with the aforementioned machine 
learning algorithms (SVM and random forest classifier) were 
not the same as the Japanese criteria–based decision model. 
The risk assessment LR-based model generated in the prior 
two studies constructed prediction probabilities by combin-
ing each conventional histopathologic risk factor, whereas 
the Japanese criteria classified patients solely into “surgery” 
or “no surgery” subgroups without considering the imposed 
risk of each clinicopathologic variable. It is in this context 
that we developed a LASSO model and compared it with the 
Japanese criteria used in current clinical practice. The LAS-
SO-based prediction model is a classifier that can accumulate 
relative risks of meaningful variables and maximize its pre-
dictive power. This fundamental characteristic might be one 
possible reason for the better diagnostic accuracy of the LAS-
SO model. In a similar way, a recent Dutch T1 CRC work-
ing group demonstrated that a LASSO-derived prediction 
model (AUC, 0.83; 95% confidence interval [CI], 0.76 to 0.90) 
showed better AUC value than the conventional prediction 
models suggested by American Society for Gastrointestinal 
Endoscopy/European Society of Gastrointestinal Endoscopy 
(AUC, 0.67; 95% CI, 0.60 to 0.74; p=0.002) and JSCCR guide-
lines (AUC, 0.64; 95% CI, 0.58 to 0.70; p < 0.001), respectively, 
in 708 T1 pedunculated colorectal carcinoma [25].

Previously, the depth of invasion of T1 CRC was classified 
as SM1 (submucosa 1), SM2, and SM3, respectively [26]. The 
rate of LNM according to this definition was reported as 0%-
3% in SM1, 8%-10% in SM2, and 23%-25% in SM3 [27,28], and 
SM3 was regarded as a strong indicator for an additional sur-
gery. To clarify the depth of invasion using SM categories, the 
whole submucosa layer should be evaluated, which is not 
always possible after endoscopic treatment. In a large retro-
spective study, it was recommended that a 1,000 μm depth of 
invasion could be used as a cut-off value for predicting LNM 
[4]. In our study, however, there was no difference of LNM 
rate according to depth of invasion dichotomized as 1,000 
μm and, therefore, depth of invasion was not selected as a 
parameter in the LASSO model. Although it is very difficult 
to explain why depth of invasion did not predict LNM in our 
cohort, there are several other studies that also reported no 
association between depth of invasion with LNM [8,22,29]. 
Selection bias might be one possible reason for this dissocia-
tion [29]. In addition, long-span retrospective studies under-
going histopathologic examinations by various pathologists 
inevitably showed some heterogeneities of dealing with 
pathologic slides. In our study, depth of invasion as well as 
other histopathologic parameters were re-evaluated for this 
study by one pathologist, which is a merit of this study. Large 
scale prospective studies are required to reveal the discrep-

ancy of the role of depth of invasion on LNM in T1 CRC. 
The main limitation of our study is that it was based on 

a single center, retrospective data collection. Our hospital is 
one of the largest referral centers in our nation, which skews 
cases toward more advanced stage patients. The accuracy of 
Japanese criteria measured by AUC in this study was around 
0.52, which is approximately the same probability as tossing 
a coin. Such a situation would be very embarrassing given its 
firm status as a predictive model. Although this might reflect 
the real situation, some unmeasurable biases, such as inclu-
sion of only patients who underwent surgeries, might have 
acted in reducing the overall performance. Nevertheless, it 
is impossible to identify the actual incidence of LNM among 
those patients who did not undergo surgeries, and such a sit-
uation would be the main dilemma in dealing with this issue. 
Also, IHC on paraffin sections might be semiquantitative  
although we applied image analyzer–based measurements. 
Artificial intelligence–guided whole slide image analysis has 
been actively adopted in medicine [17]. It would be an inter-
esting issue that computer-aided detection could minimize 
the subjectivity of measuring TILs using pathologic manual 
estimation or image analyzer–based measurements [30].  
Despite the internal validation, a larger prospective external 
validation is required before the LASSO model can be used 
as a clinical decision maker. It is expected that endoscopic 
resection will be performed more frequently as the incidence 
of early CRC increases. Therefore, it is considered to be very 
important clinically whether the predictive power can be  
increased through such TILs measurement and machine 
learning adoption in the specimen after endoscopic proce-
dure. Our study has a limitation in that it cannot provide a 
direct answer to such a point because it is not a study using 
a tissue from endoscopic procedure. However, if the center 
and IM of the tumor can be identified pathologically even in 
specimens using endoscopic resection, the model developed 
by us can be used when the density of each location can be 
measured after IHC. Additional research is needed to con-
firm the possibility in practical application.

In conclusion, we developed a LASSO-based prediction 
model for predicting LNM in patients with T1 CRC, and it 
outperformed the current Japanese guidelines. This finding 
suggests that machine learning can potentially improve the 
accuracy of prediction, thereby minimizing unnecessary sur-
gical resections. As the rate of CRCs detected early is grow-
ing, incidence of endoscopic treatments for early stage CRC 
may also be increasing. Evaluation of TILs after endoscopic 
treatments and application of a new prediction model might 
be beneficial in deciding for a subsequent radical surgery in 
T1 CRC. 
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Introduction

Gastric cancer is a severe threat worldwide, especially in 
the eastern Asian area. It has been reported that gastric cancer 
is the fifth most common cancer and the third leading cause 
of cancer-related death globally [1]. In China, gastric cancer 
is the third leading cause of cancer-related death, and its inci-
dence ranks second among all malignancies. There are more 
than 410,000 new cases and 290,000 cancer-related deaths 
each year [2,3].

In recent years, the incidence of proximal gastric cancer has 
steadily increased [4]. With the advancements in diagnostic 
techniques, an increasing number of patients with early gas-
tric cancer are being diagnosed. According to the Japanese 
Gastric Cancer Treatment Guidelines, proximal gastrectomy 
is suitable for patients with upper gastric adenocarcinoma at 
an early stage or those with adenocarcinoma of the esoph-

agogastric junction with a tumor size less than 4 cm [5]. As a 
result, the number of patients needing proximal gastrectomy 
has increased. Moreover, perioperative safety and postopera-
tive quality of life after proximal gastrectomy have gained  
increasing attention [6-8]. At present, a major problem of prox-
imal gastrectomy is the high incidence of reflux esophagitis. 
Although partial function of the stomach is preserved, quality 
of life is impaired. Therefore, several reconstruction methods 
have been attempted to solve this problem. According to the 
Japanese Gastric Cancer Treatment Guidelines, double tract 
reconstruction and esophagogastrostomy are two of the rec-
ommended reconstructions for proximal gastrectomy [5].  
Esophagogastrostomy is the traditional and most widely per-
formed reconstruction method after proximal gastrectomy 
[9]. The main deficiency of esophagogastrostomy might be 
the high incidence of reflux esophagitis. It has been reported 
that the incidence of reflux esophagitis after esophagogas-
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trostomy ranges from 9.1% to 35.3% [10,11]. Conversely, some 
studies have reported that double tract reconstruction might 
reduce the incidence of reflux esophagitis after proximal 
gastrectomy [12,13]. However, double tract reconstruction is 
more complicated than esophagogastrostomy, and there is a 
lack of high-level evidence to support the advantages of dou-
ble tract reconstruction [4].

Therefore, the best reconstruction method after proximal 
gastrectomy is still controversial. Moreover, postoperative 
quality of life after proximal gastrectomy with esophagogas-
trostomy or double tract reconstruction is rarely investigat-
ed or reported. Thus, the purpose of the present study is to 
compare the differences between double tract reconstruction 
and esophagogastrostomy after proximal gastrectomy, and to 
identify the superiority of double tract reconstruction.

Materials and Methods
 
1. Patients

The patients’ clinical and pathological data were retro-
spectively collected from a prospectively maintained data-
base at our hospital. Between December 2014 and May 2019, 
patients who underwent radical proximal gastrectomy with 
esophagogastrostomy, or double tract reconstruction were 
included in the present study. All patients were diagnosed 
with upper-third gastric adenocarcinoma at an early clini-
cal stage or adenocarcinoma of the esophagogastric junction 
with a tumor size less than 4 cm. The diagnosis and clinical 
stage were confirmed by endoscopic biopsy analysis, ultra-
sound endoscopy, chest X-ray, abdominopelvic computed 
tomography scans, and laparoscopic exploration. The termi-
nology was defined based on the Japanese classification of 
gastric carcinoma [14]. The clinical and pathological stages 
were classified based on the 8th edition Union for Interna-
tional Cancer Control (UICC)/American Joint Committee on 
Cancer (AJCC) TNM staging system [15].

2. Surgical procedure
The surgical procedure in our department was performed 

in accordance with the Japanese Gastric Cancer Treatment 
Guidelines [16]. All patients underwent laparoscopic exp-
loration and open proximal gastrectomy. Radical proximal 
gastrectomy included resection of the proximal stomach and 
part of the abdominal esophagus and preserved more than 
half of the stomach. The reconstruction method was dis-
cussed and determined by both the patients and surgeons 
before surgery. The degree of lymph node dissection (LND) 
was also performed in accordance with the Japanese treat-
ment guidelines [16]. D1 or D1+ lymphadenectomy was 
chosen according to the disease stage. Esophagogastrostomy  

reconstruction was performed by an end-to-side anastomo-
sis with a circular stapler between the esophagus and rem-
nant stomach. The anastomosis was located on the anterior 
wall of the remnant stomach. For double tract reconstruc-
tion, the jejunum 25 cm distal to the Treitz ligament was tran-
sected, distal limb of the jejunum was lifted to prepare the 
esophagojejunostomy. An end-to-side esophagojejunostomy 
was performed with a circular stapler, and the jejunal stump 
was closed with a linear stapler. Next, a side-to-side gastro-
jejunostomy was performed 15 cm below the esophagojeju-
nostomy. Finally, a side-to-side jejunojejunostomy was per-
formed 15-20 cm below the gastrojejunostomy.

3. Clinical and pathological characteristics 
The clinical and pathological characteristics of patients 

collected from the database included age, sex, body mass  
index (BMI), tumor location, proximal and distal margins, 
degree of differentiation, Lauren classification, tumor size, 
pT category, pN category, pTNM category, number of har-
vested lymph nodes (LNs), degree of LND, lymphovascu-
lar invasion (LVI), perineural invasion (PNI), and adjuvant 
chemotherapy. The intraoperative and postoperative param-
eters included postoperative hospital stay, blood loss volume,  
operation duration, postoperative complications, 30-day 
reoperation rate, and 30-day mortality rate. Complications 
were defined according to the Clavien-Dindo classification 
system [17]. The indication of adjuvant chemotherapy for 
patients with gastric cancer was pT2N0M0 with high-risk 
features. High-risk features included poorly differentiated 
or high-grade cancer, lymphovascular invasion, neural inva-
sion, or < 50 years of age. Meanwhile, patients with pT3, pT4, 
or pN+ were also recommended to receive adjuvant chemo-
therapy.

4. Follow-up
All patients were recommended to go to the outpatient 

clinic to receive re-examinations every 3 months in the first 
3 years after the operation, every 6 months in the next 2 
years and every year thereafter. The re-examinations main-
ly included physical examination, laboratory blood tests, 
and computed tomography scans. Endoscopy was recom-
mended once a year after the operation. Evaluation of reflux  
esophagitis was conducted using endoscopy at 12 months 
after the operation. The Los Angeles classification was app-
lied to evaluate the degree of reflux esophagitis [18]. Patient 
quality of life was evaluated by the validated Chinese Man-
darin edition of the European Organization for Research and 
Treatment of Cancer (EORTC) QLQ-C30 ver. 3.0 question-
naire and EORTC QLQ-STO22 questionnaire. Permission to 
use these questionnaires in the present study was obtained 
from the EORTC Quality of Life Group. The patients were  

Xin Ji, Double Tract Reconstruction

VOLUME 53 NUMBER 3 JULY 2021     785



Cancer Res Treat. 2021;53(3):784-794

Table 1.  Clinical and pathological characteristics of the patients

Clinicopathological characteristic EG (n=39) DT (n=25) p-value

Age (yr) 62.1±9.1 64.5±8.9 0.314
Sex   
    Male 31 (79.5) 24 (96.0) 0.137
    Female 8 (20.5) 1 (4.0) 
BMI (kg/m2) 24.5±3.7 24.5±2.6 0.983
Tumor location   
    AEG 22 (56.3) 15 (60.0) 0.860
    Upper third of the stomach 17 (43.6) 10 (40.0) 
Proximal margin (cm) 2.0 (1.5-2.0) 2.0 (1.2-3.0) 0.408
Distal margin (cm) 5.0 (2.5-6.0) 5.0 (3.0-7.5) 0.293
Differentiation   
    Well 6 (15.4) 5 (20.0) 0.887
    Moderate 17 (43.6) 10 (40.0) 
    Poor 16 (41.0) 10 (40.0) 
Lauren classification   
    Intestinal 24 (61.5) 14 (56.0) 0.788
    Diffuse 7 (18.0) 4 (16.0) 
    Mixed 8 (20.5) 7 (28.0) 
Tumor size (cm) 3.0 (2.0-4.0) 1.5 (1.2-3.0) 0.010a) 
pT categoryb)    
    T1a 8 (20.5) 5 (20.0) 0.033a) 
    T1b 9 (23.1) 13 (52.0) 
    T2 8 (20.5) 6 (24.0) 
    T3 10 (25.6) 1 (4.0) 
    T4a 4 (10.3) 0 ( 
    T4b 0 ( 0 ( 
pN categoryb)     
    N0 24 (61.5) 23 (92.0) 0.034a)

    N1 5 (12.8) 2 (8.0) 
    N2 8 (20.5) 0 ( 
    N3a 2 (5.2) 0 ( 
    N3b 0 ( 0 ( 
pTNM categoryb)   
    IA 16 (41.0) 17 (68.0) 0.031a)

    IB 5 (12.8) 6 (24.0) 
    IIA 4 (10.3) 2 (8.0) 
    IIB 8 (20.5) 0 ( 
    IIIA 4 (10.3) 0 ( 
    IIIB 2 (5.1) 0 ( 
    IIIC 0 ( 0 ( 
No. of harvested LNs 22.5 (17.0-31.0) 19.0 (16.3-23.0) 0.055
Degree of LND   
    D1 8 (20.5) 11 (44.0) 0.045a)

    D1+ 31 (79.5) 14 (56.0) 
LVI   
    No 23 (59.0) 20 (80.0) 0.080
    Yes 16 (41.0) 5 (20.0) 
(Continued to the next page)
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invited to complete these two questionnaires at 12 months 
after the operation. The last follow-up date was November 
2020. The follow-up assessments were conducted mainly 
through telephone interviews, email communication, or out-
patient examinations.

5. Statistical analysis
All statistical analyses were performed using IBM SPSS 

Statistics ver. 26.0 software (IBM Corp., Armonk, NY). Con-
tinuous variables with normal or skewed distributions are 
expressed as the mean±standard deviation or median with 
interquartile range, respectively. Student’s t test or Mann-

Table 1.  Continued

Clinicopathological characteristic EG (n=39) DT (n=25) p-value

PNI
    No 24 (61.5) 22 (88.0) 0.044a)

    Yes 15 (38.5) 3 (12.0) 
Adjuvant chemotherapy   
    No 16 (41.0) 17 (68.0) 0.035a)

    Yes 23 (59.0) 8 (32.0) 

Values are presented as mean±SD, number (%), or median (IQR). AEG, adenocarcinoma of the esophagogastric junction; AJCC, American 
Joint Committee on Cancer; BMI, body mass index; DT, double tract reconstruction; EG, esophagogastrostomy; IQR, interquartile range; 
LN, lymph node; LND, lymph node dissection; LVI, lymphovascular invasion; PNI, perineural invasion; SD, standard deviation; UICC, 
Union for International Cancer Control. a)Statistically significant values, b)8th UICC/AJCC TNM staging system for gastric cancer.

Table 2.  Intraoperative and postoperative parameters of the patients

Perioperative parameter EG (n=39) DT (n=25) p-value

Postoperative hospital stay (day) 11 (10-14) 13 (11-18) 0.220
Operation duration (min) 195 (170-240) 240 (210-270) 0.001a)

Blood loss volume (mL) 100 (50-100) 50 (50-100) 0.189
Postoperative complicationb)   
    No 32 (82.1) 21 (84.0) > 0.99
    Yes 7 (17.9) 4 (16.0) 
Clavien-Dindo classification   
    Grade I   
        Pulmonary infection 0 ( 1 (4.0) 
        Gastrointestinal dysfunction 2 (5.1) 0 (5.1) 
    Grade II   
        Anastomotic leakage 3 (7.7) 2 (8.0) 
        Peritoneal effusion or abscess 3 (7.7) 2 (8.0) 
        Pulmonary infection 0 ( 1 (4.0) 
        Anemia 1 (2.6) 0 ( 
    Grade III   
        Anastomotic leakage 1 (2.6) 0 ( 
        30-Day reoperation rate 0 ( 0 ( > 0.99
        30-Day mortality rate 0 ( 0 ( > 0.99
Reflux esophagitis   
    No 27 (69.2) 23 (92.0) 0.032a)

    Yes 12 (30.8) 2 (8.0) 
Los Angeles classification   
    A 9 (23.1) 2 (8.0) 
    B 3 (7.7) 0 ( 
Values are presented as median (IQR) or number (%). DT, double tract reconstruction; EG, esophagogastrostomy; IQR, interquartile range. 
a)Statistically significant values, b)Complications were defined according to the Clavien-Dindo classification system.



Whitney U test was used to compare variables with normal 
or skewed distributions among groups, respectively. Cat-
egorical variables are represented by the number of cases 
with percentage and were compared by the chi-square test 
or Fisher exact test. Kaplan-Meier survival analysis and the 
log-rank test were used to compare overall survival (OS) 
between the two groups. Univariate analysis and multivari-
ate logistic regression analysis were conducted to identify 
the risk factors for reflux esophagitis. Simple and multiple 
linear regression analyses were applied to identify factors 
that might affect the global health status score in the EORTC 
QLQ-C30 questionnaire. A linear regression equation was 
established to describe the factors related to global health 
status. p < 0.05 (two-sided) was considered significant in the 

statistical analysis.

Results

1. Clinical and pathological characteristics
Altogether, 64 patients were included in this study. Thirty-

nine patients underwent esophagogastrostomy reconstruc-
tion and 25 patients underwent double tract reconstruction. 
Age, sex, BMI, tumor location, proximal and distal margins, 
differentiation, Lauren classification, number of harvested 
LNs, and LVI were comparable between the two groups  
(Table 1). The proportion of patients with early-stage disease 
was higher in the double tract reconstruction group than in 
the esophagogastrostomy group (p=0.031). The tumor size 
was smaller in the double tract reconstruction group than in 
the esophagogastrostomy group (1.5 cm vs. 3.0 cm, p=0.010). 
The proportion of D1+ lymphadenectomy was lower in the 
double tract reconstruction group than in the esophagogas-
trostomy group (56.0% vs. 79.5%, p=0.045). The rate of PNI 
was lower in the double tract reconstruction group than in 
the esophagogastrostomy group (12.0% vs. 38.5%, p=0.044). 
Fewer patients received adjuvant chemotherapy in the dou-
ble tract reconstruction group than in the esophagogastros-
tomy group (32.0% vs. 59.0%, p=0.035).

2. Perioperative parameters and survival
The two groups were well balanced in terms of length of 

postoperative hospital stay, blood loss volume, and postop-
erative complications (Table 2). The operation duration in the 
double tract reconstruction group was longer than that in the 
esophagogastrostomy group (240 minutes vs. 195 minutes, 

Cancer Res Treat. 2021;53(3):784-794

Fig. 1.  Three-year overall survival curves of patients in the  
esophagogastrostomy and double tract reconstruction groups. 
The 3-year overall survival rates of the esophagogastrostomy 
and double tract reconstruction groups were 79.9% and 90.9%, 
respectively (p=0.066).
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Table 3.  Univariate analysis and multivariate logistic regression analysis of reflux esophagitis

                                   Univariate analysis                                                Multivariate analysis

Variable p-value Variable p-value Variable OR (95% CI) p-value

Age 0.696 pTNM stage 0.405 Reconstruction method  
Sex 0.644 No. of harvested LNs 0.179     EG 1 ( 0.004a)

BMI 0.408 Degree of LND 0.526     DT 0.078 (0.009-0.674) 
Tumor location > 0.99 LVI > 0.99    
Proximal margin 0.568 PNI  0.085    
Distal margin 0.418 Adjuvant chemotherapy 0.232    
Differentiation > 0.99 Operation duration 0.128    
Lauren classification 0.143 Blood loss volume 0.113    
Tumor size 0.689 Postoperative hospital stay 0.318    
pT category 0.153 Postoperative complication > 0.99    
pN category 0.518 Reconstruction method 0.032a)    
BMI, body mass index; CI, confidence interval; DT, double tract reconstruction; EG, esophagogastrostomy; LN, lymph node; LND, lymph 
node dissection; LVI, lymphovascular invasion; OR, odds ratio; PNI, perineural invasion. a)Statistically significant values.
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p=0.001). The 30-day reoperation rate and 30-day mortality 
rate were comparable between the two groups.

As of November 2020, the median follow-up time was 39.8 
months (range, 11.4 to 67.2 months). The 3-year OS rates in the 
esophagogastrostomy group and double tract reconstruction 
group were 79.9% and 90.9%, respectively (p=0.066) (Fig. 1).

3. Reflux esophagitis
Reflux esophagitis occurred in 12 patients (30.8%) in the 

esophagogastrostomy group and two patients (8.0%) in 
the double tract reconstruction group (p=0.032) (Table 2). 
Of the twelve patients who were diagnosed with reflux  
esophagitis in the esophagogastrostomy group, nine patients 
were classified as level A and three patients were classified 
as level B according to the Los Angeles classification. In the 
double tract reconstruction group, both patients were clas-
sified as level A according to the Los Angeles classification.

To identify the risk factors for postoperative reflux eso-
phagitis, a univariate analysis was performed (Table 3). 
Then, all factors with a p-value less than 0.1 were included 
in the multivariable logistic regression analysis. Finally, the  
reconstruction method was found to be the only independ-
ent risk factor for reflux esophagitis (p=0.004) (Table 3).

4. Quality of life
The scores of the EORTC QLQ-C30 ver. 3.0 question-

naire were compared between the esophagogastrostomy 
and double tract reconstruction groups (Table 4, Figs. 2 and 
3). The global health status score was higher in the double 
tract reconstruction group than in the esophagogastrostomy 
group (83.3 vs. 50.0, p < 0.001). Compared with patients in 
the esophagogastrostomy group, patients in the double tract 
reconstruction group had better emotional functioning (p < 
0.001), and complained less about nausea and vomiting (p < 

Table 4.  The scores of the EORTC QLQ-C30 ver. 3.0 questionnaire and EORTC QLQ-STO22 questionnaire

Scale EG DT p-value

EORTC QLQ-C30
    Global health status 50.0 (33.3-50.0) 83.3 (66.7-83.3) < 0.001a)

    Functional scales   
        Physical functioning 80.0 (66.7-86.7) 80 (66.7-86.7) 0.600
        Role functioning 66.7 (66.7-66.7) 66.7 (66.7-83.3) 0.108
        Emotional functioning 50.0 (41.7-66.7) 66.7 (66.7-79.2) < 0.001a)

        Cognitive functioning 100.0 (66.7-100.0) 100.0 (75.0-100.0) 0.142
        Social functioning 66.7 (66.7-66.7) 66.7 (66.7-83.3) 0.073
    Symptom scales   
        Fatigue 33.3 (33.3-33.3) 33.3 (0.0-33.3) 0.473
        Nausea and vomiting 50.0 (50.0-83.3) 16.7 (16.7-16.7) < 0.001a)

        Pain 16.7 (16.7-33.3) 16.7 (0.0-33.3) 0.039a)

        Dyspnea 0.0 (0.0-33.3) 0.0 (0.0-0.0) 0.072
        Insomnia 33.3 (0.0-33.3) 0.0 (0.0-0.0) 0.003a)

        Appetite loss 33.3 (33.3-33.3) 0.0 (0.0-33.3) < 0.001a)

        Constipation 0.0 (0.0-33.3) 0.0 (0.0-0.0) 0.082
        Diarrhea 0.0 (0.0-33.3) 0.0 (0.0-0.0) 0.129
    Financial difficulties 33.3 (0.0-33.3) 33.3 (0.0-33.3) 0.638
EORTC QLQ-STO22   
    Dysphagia 22.2 (11.1-33.3) 11.1 (11.1-22.2) 0.030a)

    Pain 33.3 (16.7-41.7) 25.0 (12.5-25.0) 0.008a)

    Reflux 88.9 (66.7-100.0) 33.3 (0.0-44.4) < 0.001a)

    Eating 41.7 (33.3-66.7) 25.0 (20.8-33.3) < 0.001a)

    Anxiety 77.8 (66.7-100.0) 55.6 (44.4-66.7) < 0.001a)

    Dry mouth 33.3 (33.3-66.7) 33.3 (0.0-33.3) 0.007a)

    Taste 66.7 (33.3-66.7) 33.3 (0.0-33.3) 0.001a)

    Body image 66.7 (66.7-100.0) 66.7 (66.7-100.0) 0.807
    Hair loss 0.0 (0.0-0.0) 0.0 (0.0-33.3) 0.494
Values are presented as median (IQR). DT, double tract reconstruction; EG, esophagogastrostomy; EORTC, European Organization for 
Research and Treatment of Cancer; IQR, interquartile range. a)Statistically significant values.



0.001), pain (p=0.039), insomnia (p=0.003), and appetite loss 
(p < 0.001). The results of the EORTC QLQ-STO22 question-
naire were also compared between groups (Table 4, Fig. 4). 
Patients in the double tract reconstruction group complained 
less about dysphagia (p=0.030), pain (p=0.008), reflux (p <  
z0.001), eating (p < 0.001), anxiety (p < 0.001), dry mouth 
(p=0.007), and taste (p=0.001) than those in the esophagogas-
trostomy group.

In the simple linear regression analysis of global health sta-
tus, the results showed that pT category (p=0.035), pN cat-
egory (p=0.016), pTNM category (p=0.015), PNI (p=0.022),  
operation duration (p=0.008), reflux esophagitis (p=0.001), 
and reconstruction method (p=0.001) were all correlated 
with global health status (Table 5). All variables with a p-val-
ue less than 0.1 were included in the multiple linear regres-
sion analysis. A linear regression equation was established, 
and the results showed a linear relationship between the 
global health status score and reconstruction method, post-
operative complications, reflux esophagitis, and operation 
duration (Tables 5 and 6).

Discussion

Esophagogastrostomy reconstruction is a traditional  
reconstruction method after proximal gastrectomy. Howev-
er, esophagogastrostomy is associated with a high incidence 

of postoperative reflux esophagitis. To address this disad-
vantage, several modified reconstruction methods, including 
double tract reconstruction, have been attempted. 

The safety and feasibility of double tract reconstruction 
after proximal gastrectomy have been of great concern in  
recent years. In the present study, the results showed that 
there was no significant difference in blood loss volume, 
length of postoperative hospital stay or postoperative com-
plications between esophagogastrostomy and double tract 
reconstruction. The operation duration was longer in the 
double tract reconstruction group than in the esophagogas-
trostomy group in this study. Considering that the double 
tract reconstruction procedure is more complex than the  
esophagogastrostomy procedure, it is reasonable that the 
operation duration of double tract reconstruction was long-
er than that of esophagogastrostomy. On the other hand, 
whether double tract reconstruction causes a high rate of 
complications because of the technical complexity and  
increased number of anastomoses has been questioned 
[10,11]. In the present study, postoperative complications, 
blood loss volume and length of postoperative hospital stay 
were all comparable between the two reconstruction meth-
ods. These results suggest that the complexity of the surgical 
procedure dose not increase the risk of the operation.

The anti-reflux function of double tract reconstruction  
after proximal gastrectomy has been investigated in previ-
ous studies [12,13]. However, most of the results are based on 
studies with exceedingly small samples. In the present study, 
the rates of reflux esophagitis in the esophagogastrostomy 
group and double tract reconstruction group were 30.8% and 
8.0%, respectively (p=0.032). Moreover, multivariate logistic 
regression analysis showed that the reconstruction method 
was the only independent risk factor for reflux esophagitis 
(p=0.004). Double tract reconstruction is a protective fac-
tor against postoperative reflux esophagitis after proximal 
gastrectomy. Considering the reconstruction procedure, it is 
possible that the mechanism of anti-reflux function is mainly 
attributed to the lifted jejunum between esophagojejunos-
tomy and gastrojejunostomy [19,20].

Many studies have reported nutritional status after proxi-
mal gastrectomy [13,21]. However, postoperative quality 
of life after proximal gastrectomy has rarely been reported  
before. Thus, the present study compared quality of life after 
proximal gastrectomy with the EORTC QLQ-C30 ver. 3.0 and 
QLQ-STO22 questionnaires between esophagogastrostomy 
and double tract reconstruction. According to the EORTC 
scoring manual, a higher score represented a better level of 
functioning, or a worse level of symptoms [22]. In the present 
study, double tract reconstruction had obvious advantages 
over esophagogastrostomy based on the EORTC QLQ-C30 
questionnaire, including in global health status, emotional 

Cancer Res Treat. 2021;53(3):784-794

Fig. 2.  Violin plots of global health status and functional scales 
of the EORTC QLQ-C30 questionnaire. Solid lines represent  
medians and dotted lines represent quartiles. A high score for 
global health status represented a high quality of life. A high 
score for a functional scale represented a healthy level of func-
tioning. The patients in the DT group had better global health 
status (p < 0.001) and emotional functioning (p < 0.001) than 
those in the EG group. CF, cognitive functioning; DT, double 
tract reconstruction; EF, emotional functioning; EG, esophago-
gastrostomy; EORTC, European Organization for Research and 
Treatment of Cancer; PF, physical functioning; QL, global health 
status; RF, role functioning; SF, social functioning.
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functioning, nausea and vomiting, pain, insomnia, and appe-
tite loss (Table 4). For the EORTC QLQ-STO22 questionnaire, 
symptoms including dysphagia, pain, reflux, eating, anxi-
ety, dry mouth, and taste were much milder in the double 
tract reconstruction group than in the esophagogastrostomy 
group (Table 4). The mechanism of the anti-reflux function of 
double tract reconstruction has been discussed in the previ-
ous paragraph of this section. Furthermore, previous stud-
ies reported that the prevention of reflux esophagitis might  
improve the psychological, physical, and social functioning 
of patients [23]. Moreover, the prevention of reflux esophagi-
tis could also relieve symptoms such as nausea, vomiting, 
pain, insomnia, appetite loss, dysphagia, eating, anxiety, and 
dry mouth [24-26]. Therefore, the better scores in the double 
tract reconstruction group might be due to the superiority of 

the surgical procedure itself in preventing reflux esophagitis 
after proximal gastrectomy.

Considering that the global health status score in the  
EORTC QLQ-C30 questionnaire can reflect overall quality of 
life, a linear regression analysis was performed to investigate 
the related factors [22]. The results showed that reconstruc-
tion method (p < 0.001), postoperative complications (p < 
0.001), reflux esophagitis (p=0.003), and operation duration 
(p=0.001) had a linear relationship with the global health 
status score (Table 6). The mechanism of double tract recon-
struction in preventing reflux esophagitis and improving 
quality of life has been discussed in the previous paragraph. 
Furthermore, some studies have reported that postoperative 
complications could induce physical and mental discomfort 
and impair quality of life [27]. Interestingly, operation dura-

Fig. 4.  Violin plots of the symptom scales of the EORTC QLQ-STO22 questionnaire. Solid lines represent medians and dotted lines rep-
resent quartiles. A higher score represented worse symptoms. Patients in the DT group complained less about dysphagia (p=0.030), pain 
(p=0.008), reflux (p < 0.001), eating (p < 0.001), anxiety (p < 0.001), dry mouth (p=0.007), and taste (p=0.001) than those in the EG group. 
ANX, anxiety; BI, body image; DM, dry mouth; DT, double tract; DYS, dysphagia; EAT, eating; EG, esophagogastrostomy; EORTC, Euro-
pean Organization for Research and Treatment of Cancer; HAIR, hair loss; PAIN, pain; RFX, reflux; TA, taste.
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Fig. 3.  Violin plots of the symptom scales of the EORTC QLQ-C30 questionnaire. Solid lines represent medians and dotted lines represent 
quartiles. A higher score represented worse symptoms. Patients in the DT group complained less about nausea and vomiting (p < 0.001), 
pain (p=0.039), insomnia (p=0.003), and appetite loss (p < 0.001) than those in the EG group. AP, appetite loss; CO, constipation; DI, diar-
rhea; DT, double tract reconstruction; DY, dyspnea; EG, esophagogastrostomy; EORTC, European Organization for Research and Treat-
ment of Cancer; FA, fatigue; FI, financial difficulties; NV, nausea and vomiting; PA, pain; SL, insomnia.
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tion was also identified in the equation. The operation dura-
tion could reflect how elaborate the operation was. Theoreti-
cally, an elaborate operation could protect the nerves better, 
and better preserve organ function [28,29]. Therefore, a long-
er operation duration might improve quality of life after the 
operation.

The present study also has some limitations. First, selec-
tion bias was difficult to avoid because this was a retro-
spective study. The pathological stage was not comparable  
between the two groups, resulting in differences in tumor 
size, degree of LND, PNI, and adjuvant chemotherapy. This 
phenomenon was mainly caused by the different choices 
of the patients. In our hospital, the reconstruction method 
was discussed and determined by both the patients and sur-
geons. Patients with early-stage disease were more likely to 
choose double tract reconstruction after learning about its 
superiority because these patients might pay more attention 
to quality of life after the operation. Thus, the shared deci-
sion-making method might be the cause of the bias. How-

ever, multivariable logistic regression analysis and multiple 
linear regression analysis could neutralize the confounding 
effects of these factors. Second, the sample size of the present 
study was not large enough, which might make the results of 
this study less convincing. Further large-scale, prospective, 
randomized controlled trial is needed to validate the results 
of the study.

In conclusion, double tract reconstruction after proximal 
gastrectomy was comparable with esophagogastrostomy in 
terms of perioperative safety and 3-year OS. Double tract 
reconstruction could better prevent reflux esophagitis and 
improve quality of life. The reconstruction method was the 
only independent risk factor for reflux esophagitis. There 
was a linear relationship between global health status score 
and reconstruction method, reflux esophagitis, postoperative 
complications, and operation duration.

Cancer Res Treat. 2021;53(3):784-794

Table 6.  Multiple linear regression equation of global health status

Linear regression equation Adjusted R-squared F-value p-value

 0.791 22.961 < 0.001a)

GHS score=23.8×RM+0.1×OD−14.3×PC−9.6×RE+44.2
RM: double tract reconstruction=1, esophagogastrostomy=0
OD: operation duration, expressed in minutes
PC: without complication=0, with complication=1
RE: without reflux esophagitis=0, with reflux esophagitis=1

GHS, global health status; OD, operation duration; PC, postoperative complication; RE, reflux esophagitis; RM, reconstruction method.  
a)Statistically significant values.

Table 5.  Simple and multiple linear regression analyses of global health status

                                  Simple analysis                       Multiple analysis

Variable p-value Variable p-value Variable p-value

Age 0.339 Number of harvested LNs 0.130 Reconstruction method < 0.001a)

Sex 0.057 Degree of LND 0.180 Postoperative complication < 0.001a)

BMI 0.828 LVI 0.284 Reflux esophagitis 0.003a)

Tumor location 0.601 PNI  0.022a) Operation duration 0.001a)

Proximal margin 0.436 Adjuvant chemotherapy 0.052   
Distal margin 0.128 Operation duration 0.008a)   
Differentiation 0.703 Blood loss volume 0.219   
Lauren classification 0.416 Postoperative hospital stay 0.215   
Tumor size 0.085 Postoperative complication 0.060   
pT category 0.035a) Reflux esophagitis 0.001a)   
pN category 0.016a) Reconstruction method 0.001a)   
pTNM category 0.015a)     
BMI, body mass index; LNs, lymph nodes; LND, lymph node dissection; LVI, lymphovascular invasion; PNI, perineural invasion. a)Statisti-
cally significant values.
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Introduction

Upper urinary tract urothelial carcinoma (UTUC) is a rare 
disease and accounts for 7%-8% of all renal tumors and 5% 
of all urothelial malignancies [1-3]. The carcinoma can arise 
from the urothelial cells of the renal calyces, renal pelvis, or 
ureter [4]; thus, the recurrence of bladder urothelial carcino-
ma is common, occurring in 15%-50% of patients after treat-
ment [5,6].

Radical nephroureterectomy (RNU) with bladder cuff exci-
sion (BCE) is the gold standard for the treatment of non-meta-
static UTUC [7-9]. Several BCE methods have been described 
[4,10], however, the optimal BCE method is unclear. Com-
plete removal of intramural portion of distal ureter should 
be implemented although no specific method about BCE is 
recommended in the current guidelines [5,11]. Several groups 
have evaluated the effects of different distal ureter approach-
es on oncological outcomes [1,7,12-19]. To date, the oncologi-
cal outcomes of these method have been evaluated in only a 
few studies. Among them, the extravesical approach implies 
the possibility of incomplete elimination of intramural ure-

ter. In a recent systematic review, extravesical incision of the 
bladder cuff which involves dissecting the distal ureter and 
bladder cuff extravesically was still performed in 30%-60% of 
patients who underwent RNU and intravesical incision of the 
bladder cuff is associated with improved intravesical recur 
free survival [20]. 

In the present study, the effects of different distal ureter  
approaches on the oncological outcomes was assessed in a 
large, single center cohort of patients treated with RNU. 

Materials and Methods
 
1. Patients

After Institutional Review Board approval, the records of 
1,095 patients who underwent RNU with BCE for UTUC at 
our center from 1994 to 2018 were retrospectively reviewed. 
Patients with prior bladder cancer history, prior cystecto-
my, or systemic metastasis at presentation were excluded.  
Patients were also excluded if they received preoperative 
chemotherapy or radiotherapy or if final pathology did not 
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reveal UTUC. Lymph node status was not considered an 
exclusion criterion. Patients underwent lymph node (LN) 
dissection if clinically significant LN is indicated on the pre-
operative computed tomography (CT). Finally, 856 patients 
were included in the present study. Descriptions of patho-
logical characteristics (i.e., confirmation of transitional cell 
carcinoma histology, tumor grade, presence of carcinoma 
in situ, lymphovascular invasion [LVI], location, unifocality, 
and multifocality) were based on pathologic reports com-
pleted after surgery.

2. Surgical technique
RNU was performed using BCE. The distal ureter was  

removed either through an extravesical ligation (EL) of blad-
der cuff or transvesical resection (TR) of bladder cuff. Pluck 
Technique which is transurethral resection of ureteral orifice 
was not used in our center. TR of bladder cuff was defined 
as visually confirming the ipsilateral ureteral orifice before 
fully excising the bladder cuff. This procedure included two 
types of surgical method: (1) creating an anterior cystotomy 
and then excision of the intramural portion of ureter (two 
incision on bladder); (2) or creating an cystotomy directly at 
the upper portion of far distal ureter and the intramural por-
tion of the ureter was completely dissected (one incision on 
bladder). Bladder was closed with a two-layer suture and we 
confirm a watertight closure through filling water in bladder. 

In the present study, the EL of bladder cuff was classified 
as extravesical control of the premural ureter with a surgi-
cal device. With maximally traction on the ureter close to the 
bladder, the distal ureter was dissected with clip, Hem-o-lok, 
or tie. In this method, bladder was not incised and the ure-
teral orifice could not be visually confirmed.  

During nephrectomy, the ureter is identified and clipped/
or ligated at the level of the proximal ureter. The choice of 
bladder cuff method was based on the surgeon’s preference. 
However, if the tumor involved the ureterovesical junction, 
all surgeons removed the distal ureter using the TR of blad-
der cuff. The TR was performed after RNU via a Gibson or 
Pfannenstiel incision.

3. Follow-up
Patients were followed up, generally, every 3-4 months 

for the first year following RNU, every 6 months from the 
second to the fifth year, and annually thereafter. Follow-up 
after RNU consisted of history, physical examination, routine 
blood test, urine cytology, chest X-rays, cystoscopic evalua-
tion of the bladder, and abdomino-pelvic CT for the evalu-
ation of contralateral upper urinary tract. Adjuvant chemo-
therapy was considered in patients with higher than pT2 
category or with pN+.

4. Oncological outcomes
Outcome parameters were assessed for intravesical recur-

rence (IVR), death due to disease, and death due to other 
causes. IVR was defined as any urothelial disease identified 
after RNU in the bladder. Cause of death was determined 
by physicians who performed the treatment and by chart 
review corroborated with death certificate. Time for each  
parameter was measured from the day of RNU to diagnosis 
of IVR or death.

5. Statistical analysis
Differences in continuous variables across distal ureter  

approaches were assessed using the Student’s t test. The chi-
square test was used to evaluate the association between 
categorical variables and the two approaches (TR and EL). 
IVR-free survival (IVRFS), cancer-specific survival (CSS), 
and overall survival (OS) curves were generated using the 
Kaplan-Meier method and compared using the log-rank 
test. The same statistical analysis was used to evaluate radi-
cal cystectomy (RC)–free survival and IVRFS based on dis-
tal ureter approach used in several preoperative situations. 
Multivariable Cox regression models were used to measure 
outcomes after RNU. All reported p-values were two sided 
and statistical significance was set at 0.05. Statistical analyses 
were performed using SPSS ver. 21.0 (IBM Corp., Armonk, 
NY).

Results

1. Patient baseline characteristics
Patient baseline characteristics and pathologic findings are 

shown in Table 1. The mean patient age was 64.8±10.8 years 
and 27.7% were female. The median follow-up was 37.7 
months. Among the 856 patients, 477 (55.7%) underwent the 
TR and 379 (44.3%) underwent the EL. Groups differed sig-
nificantly in the proportion of laparoscopic cases, follow-up 
duration, and time from RNU to IVR (p < 0.05).

2. Oncological outcomes
IVRFS for the TR and EL at 5 years were 59.9% and 49.3%, 

respectively (p=0.008) (Fig. 1A). At 10 years, the IVRFS was 
56.3% and 45.5% for the TR and EL, respectively (p=0.028) 
(Fig. 1A). CSS estimates at 5 years after RNU were 82.0% and 
73.8% for the TR and EL, respectively (p=0.019) (Fig. 1B), and 
at 10 years after RNU were 74.7% and 69.4%, respectively 
(p=0.213) (Fig. 1B). OS estimates at 5 years after RNU were 
79.7% and 68.0% for the TR and EL, respectively (p=0.001) 
(Fig. 1C), and at 10 years after RNU were 61.2% and 58.4%, 
respectively (p=0.648) (Fig. 1C).
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Table 1.  Baseline characteristics of 856 patients without previous bladder tumor history treated radical nephroureterectomy for upper 
tract urothelial carcinoma

Variable Total
 Transvesical resection  Extravesical ligation 

p-value
  of bladder cuff of bladder cuff

No. of patients 856 (100) 477 (55.7) 379 (44.3)
Age (yr)  64.8±10.8 64.4±10.5 65.3±11.0 0.186
Sex    
    Male 619 (72.3) 353 (74.0) 266 (70.2) 0.215
    Female 237 (27.7) 124 (26.0) 113 (29.8) 
BMI 24.4±3.2 24.5±3.2 24.3±3.3 0.297
HTN    
    Yes 389 (45.4) 207 (43.4) 182 (48.0) 0.177
    No 467 (54.6) 270 (56.6) 197 (52.0) 
DM    
    Yes 155 (18.1) 87 (18.2) 68 (17.9) 0.911
    No 701 (81.9) 390 (81.8) 311 (82.1) 
Preoperative URS    
    Yes 431 (50.4) 227 (47.6) 204 (53.8) 0.070
    No 425 (49.6) 250 (52.4) 175 (46.2) 
Tumor location    
    Renal pelvis 419 (48.9) 214 (44.9) 205 (54.1) 0.061
    Ureter 361 (42.2) 222 (46.5) 139 (36.7) 
        Proximal ureter 166 (19.4) 102 (21.4) 64 (16.9) 
        Distal ureter 195 (22.8) 120 (25.1) 75 (19.8) 
    Both renal pelvis and ureter 76 (8.9) 41 (8.6) 35 (9.2) 
Multifocality    
    Single 708 (82.7) 397 (83.2) 311 (82.1) 0.653
    Multiple 148 (17.3) 80 (16.8) 68 (17.9) 
Surgical approach    
    Open 395 (46.1) 256 (53.7) 139 (36.7) < 0.001
    Laparoscopic 461 (53.9) 221 (46.3) 240 (63.3) 
Tumor size (cm) 3.8±2.3 3.7±2.3 3.9±2.3 0.108
pT category    
    ≤ T1 355 (41.5) 212 (44.4) 143 (37.7) 0.172
    T2 133 (15.5) 64 (13.4) 69 (18.2) 
    T3, T4 368 (43.0) 201 (42.2) 167 (44.1) 
Grade, III 393 (45.9) 212 (44.4) 181 (47.8) 0.334
pN category    
    N0 205 (23.9) 122 (25.6) 83 (21.9) 0.395
    Nx 580 (67.8) 319 (66.9) 261 (68.9) 
    N+ 71 (8.3) 36 (7.5) 35 (9.2) 
CIS    
    Present 73 (8.5) 41 (8.6) 32 (8.4) 0.937
    Absent 783 (91.5) 436 (91.4) 347 (91.6) 
Margin (+)    
    Present 26 (3.0) 15 (3.1) 11 (2.9) 0.837
    Absent 830 (97.0) 462 (96.9) 368 (97.1) 
LVI    
    Present 155 (18.1) 78 (16.4) 77 (20.3) 0.135
    Absent 701 (81.9) 399 (83.6) 302 (79.7) 
(Continued to the next page)



Table 1.  Continued

Variable Total
 Transvesical resection  Extravesical ligation 

p-value
  of bladder cuff of bladder cuff

Adjuvant chemotherapy    
    Yes 195 (22.8) 109 (22.9) 86 (22.7) 0.956
    No 661 (77.2) 368 (77.1) 293 (77.3)
Intravesical recur 320 (37.4) 157 (32.9) 163 (43.0) 0.002
Follow-up (mo) 37.7 (15.9-74.4) 36.5 (15.3-87.9) 38.2 (16.9-64.9) < 0.001
Time to intravesical recur (mo) 17.9 (7.1-47.9) 19.4 (8.1-56.1) 15.0 (6.4-40.7) < 0.001

Values are presented as number (%), mean±SD, or median (IQR). BMI, body mass index; CIS, carcinoma in situ; DM, diabetes mellitus; 
HTN, hypertension; IQR, interquartile range; LVI, lymphovascular invasion; SD, standard deviation; URS, ureteroscope.  
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Fig. 1.  Oncologic outcomes after radical nephroureterectomy according to bladder cuff method: intravesical recurrence-free survival (A), 
cancer-specific survival (B), and overall survival (C). EL, extravesical ligation; SE, standard error; TR, transvesical resection.
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3. Factors affecting IVR, CSS, and OS  
In multivariable Cox regression analysis, the EL was  

associated with IVR (hazard ratio, [HR], 1.40; 95% confidence 
interval [CI], 1.12 to 1.75; p=0.003) compared with TR. Other 
predictors of IVR based on multivariable analysis included 
age, preoperative ureteroscopy (URS), tumor location, and 
pN category (Table 2). The EL was also associated with 
worse CSS and OS (HR, 1.47; 95% CI, 1.06 to 2.05; p=0.022 
and HR, 1.52; 95% CI, 1.14 to 2.03; p=0.005, respectively). CSS 
and OS were also significantly associated with age, surgical  
approach, tumor location, pT category, pN category, and LVI 
in multivariable analysis. 

4. RC-free survival and the rate of remnant ureterectomy
The number of patients who underwent RC after RNU in 

the TR and EL procedure groups was 11 (2.3%) and 10 (2.6%), 
respectively. RC-free survival estimates at 5 years after 
RNU were 97.3% and 95.7% for the TR and EL, respectively 
(p=0.352) (Fig. 2), and at 10 years after RNU were 95.0% and 
95.7%, respectively (p=0.742) (Fig. 2). In addition, the num-
ber of patients who underwent remnant ureterectomy after 
RNU in the EL group was eight (2.1%). The mean period 
from RNU to remnant ureterectomy was 32.4 months.

5. IVRFS in specific preoperative situations between the 
two groups 

In the subgroup analysis according to the location of  
tumor, the TR group showed significantly improved IVRFS 
in patients with renal pelvis tumor (p=0.003), but not in the 
subgroup of ureter tumor (p=0.101). In patients with a single  

Table 2.  Multivariable Cox regression analyses predicting intravesical recurrence, CSS, and OS

                         Intravesical recur                        CSS                          OS

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age (continuous) 1.01 (1.00-1.02) 0.040 1.02 (1.01-1.04) 0.008 1.04 (1.02-1.05) < 0.001
Female      
BMI      
Preop URS 1.86 (1.46-2.37) < 0.001    
Operation approach      
    Open   1 (reference) - 1 (reference) -
    Lapa   0.62 (0.44-0.87) 0.007 0.61 (0.45-0.82) 0.001
Tumor location  0.034  0.002  0.004
    Renal pelvis 1 (reference)  1 (reference)  1 (reference) 
    Ureter 0.87 (0.68-1.11) 0.267 1.88 (1.31-2.69) 0.001 1.65 (1.22-2.22) 0.001
    Both 1.50 (1.03-2.19) 0.036 1.64 (1.01-2.66) 0.046 1.44 (0.94-2.19) 0.090
Multifocality      
Bladder cuffing      
    TR  1 (reference) - 1 (reference) - 1 (reference) -
    EL 1.40 (1.12-1.75) 0.003 1.47 (1.06-2.05) 0.022 1.52 (1.14-2.03) 0.005
pT category    < 0.001  < 0.001
    T0, Tis, Ta, T1   1 (reference) - 1 (reference) -
    T2   1.74 (1.07-3.83) 0.100 1.20 (0.75-1.91) 0.450
    T3, T4   5.36 (3.09-9.29) < 0.001 2.21 (1.50-3.25) < 0.001
Grade, III   1.45 (0.99-2.12) 0.057 1.48 (1.07-2.04) 0.018
CIS      
pN category  0.002  0.004  0.009
    N0 1 (reference) - 1 (reference) - 1 (reference) -
    Nx 0.66 (0.36-1.18) 0.160 1.16 (0.77-1.76) 0.483 1.02 (0.73-1.44) 0.901
    N1+ 1.41 (1.04-1.89) 0.025 2.29 (1.37-3.83) 0.002 1.92 (1.21-3.03) 0.005
Margin positive      
LVI   1.56 (1.08-2.25) 0.017 1.61 (1.17-2.22) 0.003
Adjuvant chemo 0.84 (0.62-1.15) 0.283 0.72 (0.50-1.04) 0.083 0.79 (0.56-1.12) 0.182
BMI, body mass index; CI, confidence interval; CIS, carcinoma in situ; CSS, cancer-specific survival; EL, extravesical ligation; HR, hazard 
ratio; LVI, lymphovascular invasion; OS, overall survival; Preop URS, preoperative ureteroscopy; TR, transvesical resection.



tumor, TR group had less IVR than EL group (p=0.002), but  
there was no difference in patients with multiple lesions 
(p=0.227).

Discussion

Total excision of the distal ureter with its intramural por-
tion, the ipsilateral ureteral orifice, and bladder cuff is con-
sidered necessary for optimal management of UTUC [7,8,13]. 
Currently, several surgical approaches are used for the 
management of distal ureter during RNU [1,4,5,7,12,16,21]. 
Among the approaches, including intravesical and extravesi-
cal BCE, involve opening the bladder [5,7,21]. However, 
many surgeons perform RNU and distal ureter approaches 
without incising the bladder but resecting the distal ureter 
outside the bladder near the orifice. In addition, the onco-
logical outcomes of this method have been evaluated in only 
a few studies [5,20]. In the present study, the TR was asso-
ciated with improved IVRFS and OS compared with EL. In 
addition, the TR had higher CSS although without statistical 
significance. The results demonstrated the incomplete distal 
ureteric resection is closely associated with poor oncological 
outcomes such as IVR, which is in agreement with previous 
study results. Reportedly, if the distal ureter is not appropri-
ately removed, recurrence rates can range from 33%-75% in 
the ureteric remnant even in the absence of positive surgical 
margins [21-27].

Multivariable analysis showed the bladder cuffing method 

is significantly associated with IVR, CSS, and OS. In addi-
tion, N category, tumor location, and age played a signifi-
cant role in IVR, CSS, and OS. Although LVI and T category 
(higher than T2) did not significantly affect IVR, these factors 
affect CSS or OS. Possibly, either IVR is not significantly asso-
ciated with LVI and T category higher than T2, or occurrence 
of IVR is not significantly different between low and high T 
category. Conversely, preoperative URS significantly affected 
IVR but not CSS and OS. Similarly, preoperative URS was 
significantly associated with IVR in our previous study [28], 
which was confirmed in this present study. Using diagnos-
tic tools such as CT instead of performing preoperative URS 
could prevent the possibility of bladder tumor recurrence 
following RNU.

The multivariable analysis demonstrated the type of blad-
der cuff significantly affects IVR and EL has detrimental 
effects on recurrence. Therefore, RC is expected to be per-
formed more on patients who receive RNU using the EL due 
to greater IVR than in patients who receive the TR. However, 
RC was performed in 11 of 477 patients (2.3%) who received 
the TR and in 10 of 379 patients (2.6%) who received the EL. 
Significant difference was not observed in RC performance 
rate and RC-free survival. Therefore, although there was 
high recurrence rate of low T category bladder tumor in the 
EL group, recurrence of higher T category (higher than T2) 
bladder tumor was not likely to be affected by the type of 
bladder cuff. However, the results can be interpreted differ-
ently. Although the EL causes higher bladder tumor recur-
rences, transurethral resection of the bladder tumor (TUR-
B) is performed if needed during regular follow-up. EL and 
TR did not show any differences based on progression of  
recurred low-stage bladder tumor to high stage (higher than 
T2) bladder tumor. Low tumor recurrence rate was observed 
in remnant ureter after the EL. Remnant ureterectomy was 
performed in only 2.1% of patients among subjects treated 
with the EL.

Notably, recurrent T1 bladder tumor which can be treated 
with only TUR-B, does not require RC. TUR-B is not an oper-
ation with as high morbidity as RC, but it is still a surgery, so 
it does have a certain level of morbidity. In clinical practice, 
many patients undergo repeated TUR-B due to multiple IVR 
after RNU, and repeated TUR-B is closely related to decrease 
in quality of life. Therefore, after RNU, the oncological out-
comes, such as survival, should not be the only concern but 
also include the reduction of IVR. If TR reduces the IVR, this 
approach should be prioritized during RNU. In a number 
of studies, including our research, the intravesical approach 
was found to reduce IVR [20,21]. However, contrary results 
were reported in several other studies [1,7]. The reason for 
the contradicting outcomes between studies may be due to 
not considering specific conditions such as tumor location, 
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multifocality of tumor or preoperative URS which could  
affect outcome. Therefore, we conducted subgroup analysis 
according to factors which could affect to outcome. In our 
results, the TR group showed significantly improved IVRFS 
in patients with renal pelvis tumor, with single lesion and 
in patients who underwent URS before RNU. In patients 
with ureter tumor and multiple tumors, surgeons tend to 
perform more TR. In the present study, all surgeons always 
performed TR of bladder cuff when the tumor was located 
in the far distal ureter which involved ureterovesical junc-
tion, which could be the reason for no significant difference 
in IVR rate between TR and EL when the tumor was located 
in the ureter. Though there is restriction to interpret these  
results, in the clinical practice, TR should be recommended 
for the patients with renal pelvis and/or single tumor as well 
as ureter and/or multiple lesions. Further research is needed 
to compare IVR between TR and EL in each specific situation. 

The present study had several limitations. First, the ret-
rospective nature of the study and non-randomized design 
with surgical treatment based on surgeon preference or  
tumor location, both introduce selection bias and are short-
comings. When considering selection bias due to tumor 
location, the tumor location during TR tended to be more 
prominent in the ureter, especially the distal ureter, but in 
terms of tumor location, there was no statistically signifi-
cant difference between the TR and the EL group. Therefore,  
selection bias due to tumor location does not seem to be criti-
cal. In addition, there was no significant difference in other 
factors such as tumor size, pT category, grade, nodal status, 
resection margin status, presence of carcinoma in situ, and 
presence of LVI between the two groups, so the influence 
of selection bias due to these factors is unlikely to be large. 
Second, data on immediate intravesical therapy after RNU, 
which can have a significant effect on IVR after RNU, are 
not included in this study. In our center, intravesical therapy 
has been performed for the first time since the second half 
of 2018, so unfortunately, there are no data available on this. 
And we could not evaluate the impact of intravesical therapy 
on IVR after RNU. Third, the study was conducted for an 
extended period (1994-2018) and involved 10 different sur-
geons, which could also cause bias. Furthermore, subtile tech-
nical variations among surgeons in distal ureter approaches 

and improved techniques for BCE over the years may have 
confounded the overall results. Nevertheless, the research  
included a large sample size and extended follow-up period. 
According to Margulis et al. [29], UTUC recurred at a median 
of 10.4 months in their multicenter series of 1,363 patients [4]. 
Although there was wide variability in follow-up duration, 
the median follow-up of 37.7 months should suffice to detect 
most UTUC recurrences due to the natural history of the dis-
ease. Also, analysis of the bladder recurrence rate provides 
added value. The retrospective analysis extracted from the 
Surveillance, Epidemiology, and End Results database can-
not provide this type of information because it is not traced 
[30]. In addition, the correlation between bladder cuff meth-
od and IVR was analyzed based on preoperative tumor fac-
tors, which may help surgeons select the appropriate bladder 
cuff method in each clinical situation. 

TR of bladder cuff during RNU for UTUC was associated 
with improved IVRFS and OS compared with the EL. The 
current study confirmed that the classic complete excision of 
intramural portion of distal ureter should be implemented 
during the RNU. It is highly recommended for the surgeon 
to make sure that the BCE is completely performed during 
the RNU.
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Introduction

18F-fluorodeoxyglucose–positron emission tomography 
(FDG-PET) imaging plays a key role in determining dis-
ease stages at diagnosis in patients with cervical cancer. 
With the revised Fédération Internationale de Gynécologie 
et d’Obstétrique staging, precise evaluation of lymph nodes 
and distant metastasis with FDG-PET has become important. 
In addition to its use for diagnostic purposes, FDG-PET can 
be used for prognoses prediction and radiation therapy (RT) 
planning [1]. However, magnetic resonance imaging (MRI) 
is most frequently used for image-guided brachytherapy 
(IGBT) in clinical practice. We have previously reported the 
feasibility of PET-based IGBT [2,3]. Biological information on 
FDG-PET could help visualize metabolic active region that 
could complement the poor contrast resolution of computed 
tomography (CT)–guided IGBT. The traditional response 

criteria—response evaluation criteria in solid tumors—is  
often limited due to cystic or necrotic changes of tumors,  
obscured margins, and post-inflammatory changes in the 
cervix [4]. In this context, tumor metabolic response assessed 
using FDG-PET can be valuable for treatment response evalu-
ations [1,5]. 

Several studies have also suggested the potential role of 
FDG-PET in the early detection of treatment response during 
RT in other solid tumor [6-9]. Herein, we aimed to determine 
the predictive value of metabolic parameters obtained using 
pretreatment FDG-PET and IGBT planning FDG-PET.

Materials and Methods
 
1. Patient population

Data or medical records of patients with cervical cancer 
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who received definitive RT with PET-based IGBT between 
2009 and 2018 were retrospectively reviewed. Patients were 
excluded if the baseline PET (PETbase) was performed at  
another institution or not available (n=48), if planning 
data for IGBT was not available (n=42), and if follow-up  
details were missing (n=6). After implementing the inclu-
sion and exclusion criteria, data on 116 patients were ana-
lyzed (S1 Fig.). This study was approved by the institutional  
review board (SMC. 2020-10-052), which waived the need for  
informed consent due to the retrospective nature of the study. 
All patients underwent complete clinical staging, including 
physical examination, abdominopelvic CT, pelvic MRI, and 
FDG-PET. 

2. Treatment
All patients were treated with external beam RT (EBRT) 

using three-dimensional conformal RT and high-dose-
rate IGBT. Eighty-seven patients (75.0%) were treated with 
whole pelvic EBRT with an upper field border of the L4-L5 
interspace. For 28 patients with retroperitoneal lymph node  
involvement at diagnosis, extended-field EBRT was deliv-
ered with an upper field border of the T12-L1 interspace. 
After administering 45 Gy in 25 fractions, a parametrial 
boost of 5.4 Gy was performed using a midline block with 
4-cm central shielding. The median total dose of EBRT was 
50.4 Gy (interquartile range [IQR], 50.4 to 50.4). PET-based 
IGBT with an Iridium-192 source started with a parametrial 
boost with a total dose of 24 Gy in six fractions. The median 
overall treatment time and the interval between EBRT and 
IGBT were 51 days (IQR, 49.0 to 54.5) and 33 days (IQR, 30.0 
to 39.0), respectively. The detailed procedure of PET-based 
IGBT has been described previously [2,3].

After the gross tumor volume was delineated based on 
IGBT planning FDG-PET (PETIGBT), high-risk clinical target 
volume (HRCTV) was defined according to the GEC-ESTRO 
guidelines [10]. Briefly, the HRCTV included the gross tumor 
volume with a 1-cm margin, clinically suspected lesion, and 
entire cervix. Planning for EBRT and PET-based IGBT was 
calculated using the Pinnacle (V6.5, Philips, Madison, WI) 
and PLATO (V14.3, Nucletron, Veenendaal, Netherlands), 
respectively. From CT and FDG-PET/CT obtained during 
planning, we could retrospectively calculate a dose of 90% 
HRCTV (D90). The biologically equivalent dose in 2 Gy frac-
tions (EQD2) at D90 HRCTV were calculated using EBRT 
and IGBT.

Concurrent chemotherapy was administered to 108 pati-
ents (93.1%) as follows: cisplatin 40 mg/m2 weekly (n=77, 
66.4%) or cisplatin 60 mg/m2 (day 1) and 5-fluorouracil 1,000 
mg/m2/day (days 1-5) every 3 weeks (n=31, 26.7%).

 

3. 18F-FDG-PET/CT
Both PETbase and PETIGBT were obtained 45 minutes after 

injecting FDG (370 MBq) using a Discovery Ste scanner (GE 
Healthcare, Milwaukee, WI). Prior to each scan, patients fast-
ed for 6 hours before FDG administration with a glucose lev-
el of < 200 mg/dL. After a tracer uptake time of 45 minutes, 
a low-dose, non-contrast, whole-body CT was performed  
using a continuous spiral technique with a 16-slice helical CT 
(140 keV, 30-170 mAs with an AutomA mode, section width 
of 3.75 mm). PET images with a voxel size of 4.29×4.29×4.25 
mm were reconstructed using an iterative ordered-subsets 
expectation-maximization algorithm (28 subsets, two itera-
tions).

4. PET metrics
All primary cervical tumors, defined as the region of inter-

est, were delineated on PETbase and PETIGBT consistently by a 
single radiation oncologist (N.K.) with the PET Edge algo-
rithm in MIM software (Mim Software Inc., Cleveland, OH), 
which sets the contour boundary at the location where the 
signal gradient is the highest. Images of each cervical tumor 
were evaluated semi-quantitatively by measuring and calcu-
lating the maximum activity concentration in the tumor (SU-
Vmax) and mean concentration of FDG in the tumor (SUVmean) 
normalized to patient body weight. The average SUV plus 
two standardized deviations of the metabolic tumor volume 
(MTV) was calculated from the sum of the areas with two-
dimensional tumor contours by multiplying the correspond-
ing slice thickness. Total lesion glycolysis (TLG) was calcu-
lated by multiplying the SUVmean with the MTV. The relative 
change in each parameter between PETbase and PETIGBT was 
calculated using the following equation:
Δ[Parameter]%={[Parameterbase–ParameterIGBT]/Parameterbase}×100

5. Follow-up
After the completion of the planned treatment, all pati-

ents were followed up for 1 month after treatment, every 3 
months during the first 2 years, and every 6-12 months there-
after. Local failure was defined as progressive disease at the 
cervix, vagina, or parametrium based on either radiological 
evaluation or histological confirmation. Regional and distant 
failures were defined as regional lymph node recurrence 
within the RT field and metastases to lymph nodes or other 
organs outside the RT field, respectively.

6. Statistical analysis
Disease-free survival (DFS) and overall survival (OS) were 

the primary study endpoints. DFS and OS rates were meas-
ured from the date of RT commencement to the date of any 
failure or death from any cause. Survival curves were esti-
mated using the Kaplan-Meier method and compared using 
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the log-rank test. Since there was a significant variation in 
the optimal cutoff value for PET parameters, receiver operat-
ing characteristics curve analyses for DFS were performed to 
identify the cutoff thresholds for parameters (S2 Fig.). Multi-
variable analysis was performed using the Cox proportional 
hazards model with variables that were significant in univar-
iable analysis. In addition, Delong’s test was performed to 
compare the predictive value of the final selected model for 
DFS and OS. Differences between metabolic responders and 
non-responders were compared using Pearson’s chi-square 
test for categorical variables and the Mann-Whitney U test 
for continuous variables. All statistical analyses were per-
formed using R (ver. 3.6.4, R Foundation for Statistical Com-
puting, Vienna, Austria). A p-value of < 0.05 was considered 
statistically significant.

 
Results

1. Patients
With a median age of 55 years (IQR, 48 to 64), most patients 

(n=99, 85.3%) were diagnosed with squamous cell carcinoma 
(Table 1). The median tumor size was 5.1 cm (IQR, 4.0 to 6.3), 
and more than half of the patients (n=86, 74.1%) had a tumor 
measuring > 4 cm; 31 patients (26.7%) had tumors measur-
ing > 6 cm. According to the 2018 revised staging, 89 patients 
(76.7%) were diagnosed with stage III-IV disease. The medi-
an total EQD2 to D90 HRCTV was 77.9 Gy (IQR, 75.5 to 81.2).

2. PET metrics
The median SUVmax, SUVmean, MTV, and TLG of PETbase  

were 13.4 (IQR, 10.4 to 17.6), 6.4 (IQR, 5.1 to 8.5), 40.4 mL 
(IQR, 18.9 to 64.7), and 264.9 (IQR, 110.0 to 544.6), respec-
tively (Table 1, Fig. 1). Except for three patients who showed 
an increased SUVmax, all parameters generally decreased on 
PETIGBT: the median ΔSUVmax, ΔSUVmean, ΔMTV, and ΔTLG 
were 65.4% (IQR, 50.3 to 73.0), 60.5% (IQR, 48.1 to 66.9), 78.3% 
(IQR, 64.5 to 88.5), and 92.9% (IQR, 84.2 to 96.0), respectively. 
In addition to each cutoff value for PET parameters of PETbase 
and PETIGBT, a threshold of 50%, 60%, 85%, and 95% was cal-
culated as the optimal cutoff value for ΔSUVmax (area under 
curve [AUC], 0.702), ΔSUVmean (AUC, 0.711), ΔMTV (AUC, 
0.568), and ΔTLG (AUC, 0.621), respectively (S3 Fig.). 

3. Treatment outcomes
During the median follow-up of 59.5 months (IQR, 24.3 

to 87.0), the 5-year DFS and OS rates for the entire cohort 
were 66.4% and 78.5%, respectively (Fig. 2). Twenty-two and 
31 patients experienced locoregional and distant failures,  
respectively. After adjusting for multiple clinical and PET  
parameters, ΔSUVmax < 50% was significantly associated with 

inferior DFS (hazard ratio [HR], 2.56; 95% confidence inter-
val [CI], 1.14 to 5.77; p=0.023) and OS (HR, 5.14; 95% CI, 1.55 
to 17.01; p=0.007) (Table 2). In addition, the adenocarcinoma 

Table 1.  Baseline characteristics

 Total (n=116)

Patient and tumor characteristic
    Age (yr) 55 (48-64)
    Pathology 
        Squamous cell carcinoma 99 (85.3)
        Adenocarcinoma 16 (13.8)
        Adenosquamous carcinoma 1 (0.9)
    Tumor size (cm) 5.1 (4.0-6.3)
        ≤ 4  30 (25.9)
        > 4, ≤ 6  55 (47.4)
        > 6  31 (26.7)
    Pelvic lymph node involvement 86 (74.1)
    Retroperitoneal lymph node involvement 28 (24.1)
    FIGO stagea) 
        I 2 (1.7)
        II 25 (21.6)
        III 81 (69.8)
        IV 8 (6.9)
Treatment characteristics 
    HRCTV (cm3) 51.7 (34.0-81.1)
    Total (EBRT+IGBT) D90 HRCTV (Gy) 77.9 (75.5-81.2)
Metabolic parameter 
    PETbaseSUVmax 13.4 (10.4-17.6)
    PETbaseSUVmean 6.4 (5.1-8.5)
    PETbaseMTV (mL) 40.4 (18.9-64.7)
    PETbaseTLG 264.9 (110.0-544.6)
    PETIGBTSUVmax 5.0 (3.5-6.6)
    PETIGBTSUVmean 2.7 (2.2- 3.3)
    PETIGBTMTV (mL) 7.8 (3.4-14.2)
    PETIGBTTLG 20.2 (7.6-43.2)
    ΔSUVmax (%)  65.4 (50.3-73.0)
    ΔSUVmean (%) 60.5 (48.1-66.9)
    ΔMTV (%) 78.3 (64.5-88.5)
    ΔTLG (%) 92.9 (84.2-96.0)
Values are presented as number (%) or median (interquartile 
range). D90 HRCTV, biologically equivalent dose in 2Gy frac-
tions to 90% of HRCTV (α/β of 10); EBRT, external beam radiation 
therapy; FDG-PET/CT, 18F-fluorodeoxyglucose positron emis-
sion tomography/computed tomography; FIGO, Fédération 
Internationale de Gynécologie et d’Obstétrique; HRCTV, high-
risk clinical target volume; IGBT, image-guided brachy-therapy; 
MTV, metabolic tumor volume; PETbase, baseline FDG-PET/CT; 
PETIGBT, image-guided brachytherapy planning FDGPET/CT; 
SUVmax, maximum standardized uptake value; SUVmean, mean 
standardized uptake value; TLG, total lesion glycolysis. a)FIGO 
stage refers to the revised 2018 FIGO staging. 



component remained significant prognostic factor in the 
multivariable analysis for DFS (HR, 2.98; 95% CI, 1.38 to 6.48; 
p=0.006) and OS (HR, 2.65; 95% CI, 1.14 to 6.16; p=0.024).

The 5-year DFS rates of 87 patients with ΔSUVmax ≥ 50% 
and 29 patients with ΔSUVmax < 50% were 76.0% and 35.2%,  
respectively (p < 0.001) (Fig. 3A). The corresponding 5-year 
OS rates were 89.7% and 40.7%, respectively (p < 0.001) 
(Fig. 3B). In the subgroup analysis based on an ΔSUVmax 

of 50%, more patients with ΔSUVmax < 50% presented with  
adenocarcinoma or adenosquamous carcinoma compared 
to those with ΔSUVmax ≥ 50% (27.6% vs. 10.3%, p=0.003) 
(Table 3). Patients with ΔSUVmax ≥ 50% had higher PETbase 
SUVmax (p < 0.001) (Fig. 4A), SUVmean (p < 0.001) (Fig. 4B), 
MTV (p=0.048) (Fig. 4C), and TLG (p=0.003) (Fig. 4D) than 
those with ΔSUVmax < 50%. The SUVmax (p < 0.001) (Fig. 4A) 
and SUVmean (p < 0.001) (Fig. 4B) were significantly lower 
in patients with ΔSUVmax ≥ 50% than in those with ΔSUVmax  
< 50% (Table 3). In addition to SUVmax, relative changes in 
SUVmean, MTV, and TLG of patients with ΔSUVmax ≥ 50% were 
larger than those of patients with ΔSUVmax < 50% (Table 3).

We observed a statistically significant improvement in 
predicting DFS when incorporating PET parameters (AUC, 
0.755 vs. 0.690; p=0.012) (S4A Fig.) compared with the predic-
tion model of clinicopathologic factors. The prediction model 
with PET parameters showed improved performance for OS 
(AUC, 0.782 vs. 0.629; p=0.004) (S4B Fig.).

Fig. 1.  Metabolic parameters of the primary tumor in PETbase and PETIGBT: SUVmax (A), SUVmean (B), MTV (C), and TLG (D). FDG-PET/CT, 
18F-fluorodeoxyglucose positron emission tomography/computed tomography; MTV, metabolic tumor volume; PETbase, baseline FDG-
PET/CT; PETIGBT, image-guided brachytherapy planning FDG-PET/CT; SUVmax, maximum standardized uptake value; SUVmean, mean 
standardized uptake value; TLG, total lesion glycolysis.
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Discussion

We found that the early metabolic response of relative 
changes in PET parameters, especially an ΔSUVmax of 50%, 

can be deemed an important predictive factor for patients 
treated with definitive RT. Metabolic parameters are better 
than clinicopathologic factors for predicting survival out-
comes.

Table 2.  Prognostic factors for disease-free survival and overall survival

Variable
  Univariable analysis   Multivariable analysis

 HR 95% CI p-value HR 95% CI p-value

Disease-free survival
    Age (continuous) 0.99 0.97-1.02 0.507 - - -
    Pathology (SCC vs. ADC/AD-SC) 3.56 1.81-6.98 < 0.001 2.98 1.38-6.48 0.006
    FIGO stagea) (I-II vs. III-IV) 3.25 1.16-9.11 0.025 4.16 1.31-13.19 0.016
    Overall treatment time (≤ 56 days vs. > 56 days) 1.26 0.58-2.73 0.566 - - -
    Chemotherapy regimen (cisplatin vs. cisplatin/5-FU) 1.11 0.64-1.93 0.701 - - -
    HRCTV (< 50 cm3 vs. ≥ 50 cm3) 2.17 1.13-4.19 0.021 1.00 0.99-1.01 0.657
    D90 HRCTV (≥ 78 Gy vs. < 78 Gy) 1.39 0.76-2.54 0.293 - - -
    Tumor size (cm)
        ≤ 4 vs. 4-6 1.17 0.51-2.69 0.709 - - -
        ≤ 4 vs. > 6 2.07 0.88-4.90 0.096 - - -
    PETbaseSUVmax (< 9 vs. ≥ 9) 2.11 0.75-5.92 0.155 - - -
    PETbaseSUVmean (< 7 vs. ≥ 7) 0.57 0.30-1.08 0.084 - - -
    PETbaseMTV (< 40 mL vs. ≥ 40 mL) 2.23 1.18-4.23 0.014 1.81 0.86-3.79 0.118
    PETbaseTLG (< 144 vs. ≥ 144) 1.03 1.00-1.07 0.073 - - -
    PETIGBTSUVmax (< 5 vs. ≥ 5) 2.16 1.15-4.06 0.016 0.60 0.21-1.71 0.342
    PETIGBTSUVmean (< 3 vs. ≥ 3) 1.98 1.08-3.61 0.026 1.57 0.61-4.10 0.351
    PETIGBTMTV (< 9 mL vs. ≥ 9 mL) 2.19 1.19-4.03 0.012 1.38 0.67-2.83 0.386
    PETIGBTTLG (< 30 vs. ≥ 30) 1.44 1.13-1.83 0.004 0.99 0.93-1.05 0.762
    ΔSUVmax (≥ 50% vs. < 50%) 4.10 2.21-7.60 < 0.001 2.56 1.14-5.77 0.023
    ΔSUVmean (≥ 60% vs. < 60%) 3.30 1.69-6.44 < 0.001 2.16 0.95-4.87 0.065
    ΔMTV (≥ 85% vs. < 85%) 1.51 0.77-2.95 0.231 - - -
    ΔTLG (≥ 95% vs. < 95%) 1.02 0.88-1.16 0.937 - - -
Overall survival   
    Age (continuous) 1.01 0.98-1.04 0.467 - - -
    Pathology (SCC vs. ADC/AD-SC) 3.82 1.69-8.61 0.001 2.65 1.14-6.16 0.024
    FIGO stagea) (I-II vs. III-IV) 1.69 0.58-4.90 0.337 - - -
    Overall treatment time (≤ 56 days vs. > 56 days) 2.33 0.97-5.60 0.060 - - -
    Chemotherapy regimen (cisplatin vs. cisplatin/5-FU) 0.86 0.42-1.74 0.665 - - -
    HRCTV (< 50 cm3 vs. ≥ 50 cm3) 2.02 0.88-4.65 0.100 - - -
    D90 HRCTV (≥ 78 Gy vs. < 78 Gy) 1.33 0.61-2.90 0.473 - - -
    Tumor size (cm)
        ≤ 4 vs. 4-6 0.84 0.31-2.27 0.724 - - -
        ≤ 4 vs. > 6  1.40 0.50-3.96 0.520 - - -
    PETbaseSUVmax (< 9 vs. ≥ 9) 1.13 0.39-3.30 0.816 - - -
    PETbaseSUVmean (< 7 vs. ≥ 7) 0.54 0.23-1.23 0.143 - - -
    PETbaseMTV (< 40 mL vs. ≥ 40 mL) 1.56 0.71-3.45 0.268 - - -
    PETbaseTLG (< 144 vs. ≥ 144) 1.05 0.96-1.04 0.964 - - -
    PETIGBTSUVmax (< 5 vs. ≥ 5) 3.65 1.46-9.09 0.005 1.86 0.68-5.05 0.226
    PETIGBTSUVmean (< 3 vs. ≥ 3) 2.45 1.11-5.41 0.026 1.26 0.44-3.25 0.378
    PETIGBTMTV (< 9 mL vs. ≥ 9 mL) 1.61 0.74-3.49 0.227 - - -
    PETIGBTTLG (< 30 vs. ≥ 30) 1.65 0.86-3.16 0.130 - - -
(Continued to the next page)



Several previous studies have been investigated using a 
limited number of patients with cervical cancer treated with 
RT [11-15]. Kidd et al. [11] observed a time-dependent change 
during and after RT and found a correlation between MTV 
or SUVmax at week 4 and treatment response. Visual assess-
ment based on residual FDG uptake in the primary tumor 
also showed its diagnostic ability in predicting outcomes 
[12,13,15]. A recent study by Leseur et al. [14] suggested dif-
ferent cutoff values of MTV and TLG for PETbase and PETIG-

BT. In agreement with the findings of previous reports, our 
findings showed a time-dependent change in the metabolic  
parameters. Moreover, we could suggest clinically useful 
cutoff criteria based on the dynamics of these metabolic 
parameters. In addition, we found that incorporating PET 
parameters, such as an ΔSUVmax of 50%, into well-known 
prognostic factors, can potentially lead to a more accurate 

prediction of treatment outcomes.
The degree of PET avidity in the primary tumor or lymph 

node has been deemed as a predictive biomarker in cervical 
cancer [1,16-19]. A recent study using a deep learning model 
for PETbase in 142 patients suggested the feasibility of PET-
base in predicting outcomes in cervical cancer [16]. In addi-
tion, Kidd et al. [17] reported that the SUVmax of the primary  
tumor might be an independent and important predictor of 
tumor aggressiveness, treatment response, and OS based on 
the PETbase findings of 287 patients. They also demonstrated 
that PET-avid nodes can stratify patients into distinct groups, 
and the SUVmax of the lymph node itself could be a predic-
tive marker for recurrence, DFS, and OS [18,19]. However, 
PETbase parameters were higher in metabolic responders 
(ΔSUVmax ≥ 50%) than in non-responders (ΔSUVmax < 50%) 
in our study (all p < 0.05). Therefore, we could postulate 

Table 2.  Continued

Variable
  Univariable analysis   Multivariable analysis

 HR 95% CI p-value HR 95% CI p-value

    ΔSUVmax (≥ 50% vs. < 50%) 7.57 3.39-16.90 < 0.001 5.14 1.55-17.01 0.007
    ΔSUVmean (≥ 60% vs. < 60%) 3.75 1.50-9.35 0.005 1.03 0.28-3.73 0.965
    ΔMTV (≥ 85% vs. < 85%) 1.54 0.65-3.66 0.331 - - -
    ΔTLG (≥ 95% vs. < 95%) 2.72 1.42-5.22 0.003 2.55 1.00-6.54 0.051
The foreparts of the parentheses were set as the reference group. 5-FU, 5-fluorouracil; ADC, adenocarcinoma; AD-SC, adenosquamous 
carcinoma; CI, confidence interval; D90 HRCTV, biologically equivalent dose in 2 Gy fractions to HRCTV (α/β of 10); FDG-PET/CT,  
18F-fluorodeoxyglucose positron emission tomography/computed tomography; FIGO, Fédé ration Internationale de Gynécologie et 
d’Obstétrique; HR, hazard ratio; HRCTV, high-risk clinical target volume; MTV, metabolic tumor volume; PETbase, baseline FDG-PET/CT; 
PETIGBT, image-guided brachytherapy planning FDG-PET/CT; SCC, squamous cell carcinoma; SUVmax, maximum standardized uptake 
value; SUVmean, mean standardized uptake value; TLG, total lesion glycolysis. a)FIGO stage refers to the revised 2018 FIGO staging.

Fig. 3.  Clinical outcomes according to the reduction in maximum standardized uptake value (SUVmax): disease-free survival (A) and over-
all survival (B).
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that relative changes in PET parameters are more feasible in 
predicting outcomes than pretreatment parameters. Further  
investigation using deep learning that incorporates PETbase 

and PETIGBT can provide a more robust prediction model.
Advances in imaging analysis have facilitated ways to  

integrate MRI in treatment prediction [20-23]. A recent multi-

center study of 275 patients demonstrated that radiomic fea-
tures in MRI could potentially identify patients expected to 
have a favorable response before neoadjuvant chemotherapy 
[22]. Additionally, Wormald et al. [23] analyzed 378 patients 
with stage I-II disease and reported that combining textural 
into clinical factors can improve recurrence predictions. Fur-

Table 3.  Patient and tumor characteristics according to metabolic response

 ΔSUVmax ≥ 50% ΔSUVmax < 50%  
p-value

  
  (n=87) (n=29)

Patient and tumor characteristic  
    Age (yr) 54 (48-63) 56 (46-65) 0.678
    Pathology   
        SCC 78 (89.7) 21 (72.4) 0.033
        ADC/AD-SC 9 (10.3) 8 (27.6) 
    FIGO stagea)   
        I 2 (2.3) 0 ( 0.491
        II 21 (24.1) 4 (13.8) 
        III 59 (67.8) 22 (75.9) 
        IV 5 (5.7) 3 (10.3) 
    Tumor size (cm) 5.2 (4.2-6.4) 5.0 (3.7-6.0) 0.177
        ≤ 4  20 (23.0) 10 (34.5) 0.429
        > 4, ≤ 6 42 (48.3) 13 (44.8) 
        > 6  25 (28.7) 6 (20.7) 
    Pelvic lymph node involvement 62 (71.3) 24 (82.8) 0.327
    Retroperitoneal lymph node involvement 20 (23.0) 8 (27.6) 0.802
Treatment characteristic   
    Total EBRT dose (Gy) 50.4 (50.4-50.4) 50.4 (50.4-50.4) 0.745
    Total IGBT dose (Gy) 24.0 (24.0-24.0) 24.0 (24.0-24.0) 0.420
    HRCTV (cm3) 51.0 (33.6-74.2) 60.3 (35.9-92.6) 0.637
    Total (EBRT+IGBT) D90 HRCTV (Gy) 78.3 (75.9-81.5) 76.5 (75.0-79.4) 0.092
PET parameter   
    PETbaseSUVmax 15.4 (11.1-18.8) 11.0 (7.2-12.6) < 0.001
    PETbaseSUVmean 7.2 (5.6-9.0) 5.6 (4.2-6.4) < 0.001
    PETbaseMTV (mL) 46.0 (20.3-68.3) 35.1 (14.8-43.9) 0.048
    PETbaseTLG 311.7 (113.3-628.1) 150.8 (90.2-240.3) 0.003
    PETIGBTSUVmax 4.2 (3.3-5.9) 6.8 (5.9-8.8) < 0.001
    PETIGBTSUVmean 2.4 (2.1-3.1) 3.3 (2.8-4.1) < 0.001
    PETIGBTMTV (mL) 7.1 (3.3-13.1) 9.6 (4.7-18.3) 0.259
    PETIGBTTLG  17.4 (7.5-35.4) 35.2 (11.6-61.2) 0.073
    ΔSUVmax 68.2 (61.9-75.2) 33.7 (12.8-44.7) < 0.001
    ΔSUVmean 62.4 (56.8-70.9) 41.6 (25.8-47.9) < 0.001
    ΔMTV 83.1 (70.8-89.1) 58.4 (47.6-83.3) 0.004
    ΔTLG 93.6 (87.8-86.5) 77.2 (61.2-93.0) < 0.001
Values are presented as number (%) or median (interquartile range). ADC, adenocarcinoma; AD-SC, adenosquamous carcinoma; D90 
HRCTV, biologically equivalent dose in 2 Gy fractions to 90% of HRCTV (α/β of 10); EBRT, external beam radiation therapy; FDG-PET/
CT, 18F-fluorodeoxyglucose positron emission tomography/computed tomography; FIGO, Fédération Internationale de Gynécologie et 
d’Obstétrique; HRCTV, high-risk clinical target volume; IGBT, image-guided brachytherapy; MTV, metabolic tumor volume; PETbase, 
baseline FDG-PET/CT; PETIGBT, image-guided brachytherapy planning FDG-PET/CT; SCC, squamous cell carcinoma; SUVmax, maximum 
standardized uptake value; SUVmean, mean standardized uptake value; TLG, total lesion glycolysis. a)FIGO stage refers to the revised 2018 
FIGO staging.



thermore, Lucia et al. [24,25] developed a multiparametric 
radiomics model using PETbase and MRI and demonstrated 
its power in predicting recurrence or local control after exter-
nal validation.  However, a radiomics model is not routinely 
available in clinical practice. Therefore, the assessment of 
relative changes in metabolic parameters based on PETIGBT 
could be more clinically accessible and cost-effective. Addi-
tionally, both volumetric assessment and tumor marker (i.e., 
squamous cell carcinoma antigen) are suggested as predic-
tors for treatment outcomes, there remains the issue of inter-
observer variability in tumor delineation, under-or over-esti-
mated tumor volume assessment, and optimal cutoff values 
for tumor markers [26]. In this context, metabolic parameters 
of ΔSUVmax < 50% reduce interobserver variability and could 
provide an additional information reflecting tumor biology. 

In the current study, a consistent adverse prognostic  
impact of adenocarcinoma histology was observed in multi-
variable analysis, including metabolic parameters. In addi-
tion, adeno/adenosquamous carcinoma was more frequently 
observed in patients with ΔSUVmax < 50%. The impact of ade-
no/adenosquamous carcinoma on outcomes has been noted 
in several studies [27,28]. However, a revised classification 

of adenocarcinoma histology has provoked a new issue due 
to its heterogeneity [29]. We found that several patients with 
adenocarcinoma showed a favorable metabolic response, but 
some patients did not, resulting in different outcomes among 
patients with adeno/adenosquamous carcinoma. Due to its 
rarity, the number of patients with adeno/adenosquamous 
carcinoma was limited in previous mid-RT PET studies and 
in the current study (17 patients) [3,11-14]. Therefore, further 
subgroup analysis of metabolic parameters based on sub-
types of adenocarcinoma could not be conducted. Further 
analyses incorporating new classification of adenocarcinoma 
histology and metabolic parameters can further our under-
standing of heterogeneity of this pathology type.

Detection of early response appears to be a predictor of 
the likelihood of treatment failure, which makes it easier to 
stratify poor responders with current treatment strategies. 
Further intensification with adjuvant chemotherapy as the 
OUTBACK trial (clinicaltrials.gov, NCT 01414608), RT dose 
escalation as in non-small cell lung cancer (NCT 01507428), or 
early administration of immune-checkpoint blockade (NCT 
02760225, NCT 03829007, and NCT 03853187) can be ben-
eficial for these patients. Further investigations are needed 

Fig. 4.  Metabolic parameters of primary tumor in PETbase and PETIGBT according to ΔSUVmax of 50%: SUVmax (A), SUVmean (B), MTV (C), and 
TLG (D). FDG-PET/CT, 18F-fluorodeoxyglucose positron emission tomography/computed tomography; MTV, metabolic tumor volume; 
PETbase, baseline FDG-PET/CT; PETIGBT, image-guided brachytherapy planning FDG-PET/CT; SUVmax, maximum standardized uptake 
value; SUVmean, mean standardized uptake value; TLG, total lesion glycolysis.
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to determine whether early salvage surgery can be effective 
in metabolic non-responders with cervical cancer who are  
expected to respond in the late phase or have early progres-
sion.

There are several limitations in the current study. First, 
the results should be interpreted with caution since this is 
a retrospective analysis without external validation. Since 
the cutoff values were derived using Youden’s index in the 
current study, different optimal thresholds can be calculated 
in further studies with a larger sample size. However, our 
analysis was strengthened because of using consistent and 
modern FDG-PET/CT and practically applicable PET-based 
IGBT. Additionally, the criteria for relative changes in meta-
bolic parameters can be easily accessible in further clinical 
implementation. Possible inflammatory changes during RT 
might mimic changes in tumor metabolism [30]. However, 
previous studies have proved that PET at week 4 can be reli-
able in predicting treatment outcomes [11], which is consist-
ent with the current study findings. 

To the best of our knowledge, the current study is the larg-
est analysis to incorporate metabolic parameters of PETbase 

and PETIGBT. We expect that the current criteria based on the 
dynamics of metabolic parameters will help develop person-
alized treatment plans for patients with cervical cancer dur-
ing RT.
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Introduction

Cervical cancer is a common female cancer in developed 
countries, and there were 885,193 new cases and 311,365 
deaths from cervical cancer worldwide in 2018 [1]. Cytology-
based screening for cervical cancer has led to a remarkable 
reduction in incidence worldwide [2-4]. The Papanicolaou 
(Pap) test was first introduced as a method of cytology-based 
screening in 1941 [5], since then national screening programs 
using the Pap test with 3- to 5-year intervals is the most com-
mon strategy in many countries [6,7]. The majority of cervical 
cancer deaths occur in women who have never received a Pap 
test, but some occur in women who have had recently con-
firmed normal Pap results [8-10]. While these studies suggest 
that a large proportion (49%-72%) of patients with cervical 
cancer had either not been screened or had been improperly 
screened, as many as 30%-50% of women with cervical cancer 
had had a normal Pap result in the 3-5 years before their cervi-
cal cancer diagnosis. These findings not only suggest that it is 
necessary to increase participation in cervical cancer screen-

ing, but also that technical improvements in the Pap test may 
only result in a potential reduction in false-negative results 
and mortality from cervical cancer.

Several meta-analyses have reported low sensitivities of 
the Pap test, ranging from 37%-87% [11,12]. However, sam-
pling and detection errors can be reduced when the Pap test 
screening is repeated frequently. If the sensitivity is 87%, the 
probability of a false-negative rate should theoretically be 
13%; thus, the probability of three consecutive Pap tests being 
false-negative should be 0.2%. Some studies have re-exam-
ined Pap tests that were read as normal in women who were 
subsequently diagnosed with cervical cancer and reported 
that 25% or less Pap tests were misread, and another 25% 
may have been performed on inadequate samples [8,9,13]. 
The false-negative results for precancerous lesions and cancer 
in the cervix are potentially preventable by a refinement of its  
interpretations and sampling technique. Because repeating 
Pap tests is in theory, a simple strategy to overcome false-neg-
ative results, the importance of regular screening is empha-
sized in most countries. However, there are no nationwide 
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data that show a cumulative effect of consecutive Pap tests on 
false-negative results.

In this nationwide cohort study, we aimed to evaluate the 
cervical cancer risk through repeated normal Pap tests. We 
estimated and compared the cumulative incidence rates of 
cervical cancer diagnosed within 1 year of the last normal 
Pap test using a nationwide database in groups stratified by 
the number of consecutive normal Pap tests. We also evalu-
ated the 5-year overall survival rates in women with cervical 
cancer in each group.

Materials and Methods
 

Korean screening guidelines recommended a Pap test of 
asymptomatic women aged over 20 with either a Pap smear 
or liquid-based cytology every 3 years (recommendation 
A) [14]; however, the National Cancer Screening Program 
(NCSP) freely provides the Pap tests every 2 years to women 
aged 20 or older. The target population of cervical cancer 
screening was women aged 30 or older in 2015, but it was 
expanded to include women over 20 years old in 2016.

The study population is shown in Table 1. In this study, 
women who had a normal Pap test once in 2011-2012 were  
assigned to the ‘N1 group’; the N1 group did not receive a Pap 
test between 2007-2010. Women who had two consecutive 
normal Pap tests between 2009-2012 and did not undergo a 
Pap test in 2007-2008 were assigned to the ‘N2 group’. Wom-
en who had three consecutive normal Pap tests in 2007-2012 
were assigned to ‘N3 group’. Women who did not receive 
a Pap test in the period 2007-2012 were assigned to the ‘N0 
group’. We obtained the Pap test results of 11,052,116 wom-
en aged 30-79 in the NCSP from January 1, 2007 to Decem-
ber 31, 2012. Among 2,740,063 women who underwent the 
Pap test in 2011-2012 through the NCSP, a total of 2,577,070 
women had a normal Pap test in 2011-2012 and did not  
undergo a Pap test between 2007 and 2010 (N1 group). A total 
of 1,352,226 (N2 group) and 942,156 (N3 group) women had 
two or three normal Pap tests, respectively, including those 

of 2011-2012 with 2-year intervals. A total of 6,160,664 wom-
en (N0 group) did not receive a Pap test during the 2007-2012 
period. The Pap test results were classified by the pathologi-
cal findings with the 2001 Bethesda system [15]. “Negative 
for intraepithelial lesion or malignancy” including “organ-
isms” and “other non-neoplastic findings (reactive cellular 
changes associated with inflammation, intrauterine contra-
ceptive device, atrophy) were considered as normal results.

The operational definition of the incidence of cervical can-
cer is the first detection of cervical cancer. That is, we meas-
ured this incidence based on the codes used in the health  
insurance claim data set, which employs the Korean Stand-
ard Classification of Diseases (C53: malignant neoplasm of 
the cervix; V193: special case registration for cancer). The 
date of first treatment was defined as the detection date, and 
the absence of such treatment was considered to reflect no 
cancer. Special case registration ensures that the economic 
burden imposed on patients diagnosed with cerebrovascu-
lar and heart diseases, cancer, intractable diseases, or severe 
burns is decreased by reducing the copayment for treatment 
by the National Health Insurance Service (NHIS) for 5 years. 
This system was introduced in July 2001 with a copayment 
of 20%, and it decreased to 10% in 2005 and to 5% in 2009. 
Malignant neoplasm of the cervix is included in the criteria 
for special case registration.

To compare the occurrence of cervical cancer diagnosed 
within 1 year of the last Pap tests in the N0, N1, N2, and 
N3 groups, we evaluated the cumulative incidence rates of 
cervical cancer in each group. The cumulative incidence rates 
were calculated using the total cancer cases for the 1 year  
after the last Pap test and the study population of groups and 
was denoted as case number per 105. For the N0 group, we 
counted the cases from June 1, 2011 or June 1, 2012 to July 
30, 2012 or July 30, 2013, respectively. The cumulative inci-
dence rates were estimated in each age group, and grouped 
by age as follows: 30-39, 40-49, 50-59, 60-69, and 70-79 years 
old. Using the cumulative incidence rate, we calculated the 
relative risk (RR) with a 95% confidence interval (CI). The 
5-year survival rate of cancer patients is the most commonly 

Table 1.  Study population

Group  
Years of the Pap test 

 No.
 2007/2008 2009/2010 2011/2012

Never participate (N0)    6,160,664
One normal Pap test (N1)    2,577,070
Two consecutive normal Pap tests (N2)    1,352,226
Three consecutive normal Pap tests (N3)    962,156
Total    11,052,116
Pap, Papanicolaou; ●, normal Pap test; ○, did not participate.
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used statistic to reflect improvements in the strategy against 
cancer [16]. We compared the 5-year overall survival rates in 
women with cervical cancer in each group.

All analyses were performed using SAS software ver. 9.4 
(SAS Institute Inc., Cary, NC) and R ver. 3.3.2 (R Foundation, 
Vienna, Austria). p-values < 0.05 were considered to indicate 
statistical significance.

Results

1. Cumulative incidence rates of cervical cancer diagnosed 
within 1 year of the last normal Pap test

The cumulative incidence rates of cervical cancer di-
agnosed within 1 year of the last normal Pap test in each 
group are presented in Table 2. The cumulative incidence 
rate of cervical cancer was 58.9 per 105 (3,626/6,160,664) in 
the N0 group, 24.6 per 105 (635/2,577,070) in the N1 group, 
20.3 per 105 (275/1,352,226) in the N2 group, and 14.2 per 
105 (137/962,156) in the N3 group. The incidence rate was 
highest in women aged 60-69 (70.4 per 105) and the lowest in 
women aged 30-39 (45.5 per 105) in the N0 group. However, 
the age groups with the highest and lowest incidences were 
different between the groups. In the N3 group, the incidence 
rate was highest in women aged 60-69 (17.6 per 105), and the 
lowest in women aged 70-79 (5.1 per 105).

Compared to women with a normal Pap test in the year 
prior to diagnosis, the risk of cancer was more than twice 
that of women in the N0 group who did not undergo reg-
ular Pap tests (RR, 2.389; 95% CI, 2.196 to 2.599; p < 0.001)  
(Table 3). As the number of consecutive normal Pap tests 
increased, the cervical cancer risk in the year after the last 
normal Pap test gradually decreased. Regardless of age, the 
cancer risk decreased by 17% (RR, 0.825; 95% CI, 0.716 to 
0.951; p=0.008) and 42% (RR, 0.578; 95% CI, 0.480 to 0.695; 
p < 0.001) in the N2 and N3 group, respectively, compared 

to those of the N1 group. The cumulative effect of three con-
secutive normal Pap tests was most marked in women aged 
70-79 (RR, 0.127; 95% CI, 0.031 to 0.525; p=0.004).

Table 2.  Cumulative incidences of cervical cancer diagnosed within 1 year after the last normal Pap test

                                                Groups by consecutive number of normal Pap tests  

Age (yr)
                 N0   N1   N2   N3

 
No.a) Case

 Cumulative 
No.a) Case

 Cumulative 
No.a) Case

 Cumulative 
No.a) Case

 Cumulative
   incidenceb)   incidenceb)   incidenceb)   incidenceb)

30-39 2,287,769 1,041 45.5 1,044,400 208 19.9 311,630 44 14.1 45,539 3 6.6
40-49 1,480,771 956 64.6 727,946 194 26.7 462,682 123 26.6 323,046 49 15.2
50-59 879,899 593 67.4 465,519 114 24.5 352,816 67 19.0 344,100 46 13.4
60-69 715,530 504 70.4 242,245   80 33.0 179,648 32 17.8 210,191 37 17.6
70-79 796,695 532 66.7 97,060   39 40.2 45,450 9 19.8 39,280 2 5.1
All 6,160,664 3,626 58.9 2,577,070 635 24.6 1,352,226 275 20.3 962,156 137 14.2
Pap, Papanicolaou. a)Total observed women, b)The 1-year cumulative incidence rates are denoted as case numbers per 105. 

Table 3.  Relative risk for cervical cancer incidences within 1 
year of the last normal Pap test

Age (yr) Group RR (95% CI) p-value

30-39 N0 2.285 (1.969-2.652) < 0.001
 N1 Reference -
 N2 0.709 (0.512-0.982) 0.038
 N3 0.331 (0.106-1.034) 0.057
40-49 N0 2.423 (2.076-2.827) < 0.001
 N1 Reference -
 N2 0.998 (0.796-1.250) 0.989
 N3 0.569 (0.416-0.779) < 0.001
50-59 N0 2.752 (2.252-3.363) < 0.001
 N1 Reference -
 N2 0.776 (0.574-1.049) 0.099
 N3 0.546 (0.388-0.769) < 0.001
60-69 N0 2.133 (1.685-2.700) < 0.001
 N1 Reference -
 N2 0.539 (0.358-0.813) 0.003
 N3 0.533 (0.361-0.787) 0.002
70-79 N0 1.662 (1.201-2.301) 0.002
 N1 Reference -
 N2 0.493 (0.239-1.017) 0.056
 N3 0.127 (0.031-0.525) 0.004
All N0 2.389 (2.196-2.599) < 0.001
 N1 Reference -
 N2 0.825 (0.716-0.951) 0.008
 N3 0.578 (0.480-0.695) < 0.001

CI, confidence interval; RR, relative risk.



2. Five-year overall survival rates in women with cervical 
cancers

The 5-year overall survival rates in women with cervical 
cancer diagnosed within 1 year of the last normal Pap test 
are presented in Fig. 1. The 5-year overall survival rate of 
cervical cancer was 70.2% in the N0 group and 81.3% in the 
N1 group (p < 0.001). The 5-year overall survival rates were 
80.0% in the N2 group and 79.6% in the N3 group. Neither 
the difference in the 5-year survival rates between the N1 
and N2 groups (RR, 1.068; 95% CI, 0.752 to 1.514; p=0.715), 
nor between the N1 and N3 groups (RR, 1.091; 95% CI, 0.695 
to 1.712; p=0.706) were statistically significant.
 

Discussion

A total of 11,052,116 women were included in the analysis 
for the cumulative incidence rates and 5-year overall surviv-
al rates of cervical cancer which occurred within 1 year of the 
last normal Pap test. Increasing the number of consecutive 
normal Pap tests clearly decreases the short-term incidence 
of cervical cancer. Until now, there have only been a few 
reports on the incidence of cervical cancer in women with 
recent normal Pap tests. Rozemeijer et al. [17] reported on 
the cervical cancer incidence after normal Pap tests by differ-
ent test methods in the Netherlands. In this study, the 6-year 
cumulative incidence in women with a normal Pap test by 
a conventional method was approximately 35 per 105. The 
authors focused on the sensitivity for progressive cervical  
intraepithelial neoplasia (CIN) between the different types of 
liquid-based cytology tests and conventional cytology, and 
not on consecutive normal Pap tests. In 2003, Sawaya et al. 
[18] reported that the lifetime prevalence of biopsy-proven 
high-grade CIN was estimated as 0.019% and the risk of can-
cer was estimated to be no more than 3 in 105 in women who 

had three or more consecutive normal Pap tests by simula-
tion using the Markov model. They provided reassurance 
to women and their healthcare providers that extending the 
screening interval to 3 years after three or more consecutive 
normal Pap tests was a safe option.

Cervical cancer that occurs after the last normal Pap test 
and before the next screening schedule could be considered 
as screening failure. Misinterpretations and improper testing 
could be the reason of the shortly-diagnosed cervical cancer 
both. Several researchers have reported that normal Pap tests 
performed within 2 years before the cancer diagnosis with 
misinterpretations could result in delayed diagnosis of pre-
cancerous lesions and cancer. After scrutinizing women with 
cervical cancer in the central cancer registry, Stenkvist and 
Soderstrom  [19] suggested that the true annual incidence of 
cervical cancer could be considerably decreased if the misin-
terpretations of the Pap tests were cross-nationally corrected 
and all women with abnormal Pap tests had been properly 
managed. Philp et al. [20] also reviewed the Pap test speci-
mens within the 2 years before cancer diagnosis and showed 
that prior Pap test results were normal in 13.0%, low-grade 
CIN in 8.2%, high-grade CIN in 52.6%, and others in 18.7% 
in 1,250 women with cervical cancer, while suspicions for 
cancer were found in only 7.4% of women. Furthermore, the 
authors demonstrated a high proportion of false-negative  
results in women with cervical cancer, consistent with previ-
ous reports [21-24].

In our study, the 5-year overall survival rates in women  
diagnosed with cervical cancer within 1 year of the last nor-
mal Pap test were not superior in the N3 group (79.6%) to 
those of the N1 (81.3%) and N2 (80.0%) groups. Contrary to 
expectation, consecutive normal Pap tests did not improve 
the survival outcomes as a result of early detection of dis-
ease. Although we could not obtain the histology and dis-
ease extent of each woman diagnosed with cervical cancer, 
we expect that women with cervical cancer who have recent 
repeated normal Pap tests are likely to demonstrate non-
squamous histology or cancer located at the endocervical  
canal. Furthermore, the histologic type can also affect the  
diagnostic accuracy of the Pap tests, and is most notable 
in cases with adenocarcinoma histology. Adenocarcinoma 
cells can often mimic benign endometrial cells, endocer-
vical cells with tubal metaplasia, or reactive endocervical 
cells [22,23,25]. In the study by Katki et al. [26], the cancers  
observed among Pap-negative/human papillomavirus 
(HPV)–positive women in a 5-year follow-up were mostly 
those of adenocarcinoma histology, more than would be  
expected based on the overall adenocarcinoma incidence of 
28%. Because 46% of adenocarcinomas occurred in women 
who were Pap-negative, the Pap test was less effective in 
screening precancerous lesions of adenocarcinoma. As a  

Fig. 1.  Five-year survival rates of cervical cancer diagnosed 
within 1 year of the last normal Pap test in each study group.

Ov
er

al
l s

ur
vi

va
l r

at
e 

(%
)

Study group

100

20

0
N0 N1 N2 N3

40

80

60

p=0.715

p=0.706
p < 0.001

Cancer Res Treat. 2021;53(3):813-818

816     CANCER  RESEARCH  AND  TREATMENT



Miseon Kim, Cervical Cancer in Women with Normal Cytology

VOLUME 53 NUMBER 3 JULY 2021     817

result, delayed diagnosis of precancerous lesions and cancer 
can affect the survival outcomes in women with cervical can-
cer.

Some rapid-onset cancer cases may contribute to the inci-
dence of cervical cancer within 1 year of a normal Pap test. 
Hildesheim et al. [27] analyzed questionnaire data from 
women with cervical cancer and suggested that rapid-onset 
cases are more frequent in women with a younger age and 
glandular tumors (adenocarcinomas or adenosquamous car-
cinomas). Some previous studies have shown that glandu-
lar tumors of the cervix are more aggressive than squamous 
tumors and are associated with a poorer prognosis [28,29]. 
Cancerous lesions are known to occasionally give incorrect 
Pap test results with blood-stained, scanty, and only normal 
cells observed. Furthermore, most patients with apparently 
rapid-onset cancer only had one previous Pap test. Korean 
Society of Gynecologic Oncology recommends a Pap test of 
asymptomatic women aged over 20 with every 3 years and 
the NCSP supports the Pap tests every 2 years now [14]. 
The results of this study may affect the guidelines to pursue 
the Pap test every 1-2 years because it is not hard to pursue  
annual Pap test in the Korean medical status unlike other 
western countries.

To the best of our knowledge, this study is the first analysis 
of a nationwide database to evaluate the cumulative effect 
of consecutive normal Pap tests on cervical cancer risk. We 
found a significant preventive effect of cervical cancer by 
consecutive normal Pap tests in this large-scale population. 
However, there are some limitations in our study, mainly 
due to its retrospective nature. Firstly, the observed incidence 
rate of cervical cancer may be influenced by selection bias. 
Women who are more likely to return for screening may be 
women with low-risk who are concerned about their health, 
but may also be women with high-risk who have a history of 
cervical abnormalities. Furthermore, we do not know wheth-
er the included women had other risk factors for precancer-
ous lesions and cervical cancer. Secondly, we have no data on  
HPV infection in the included women, because the HPV 
test is not currently provided by the NSCP in Korea. HPV 
infection status can affect confirmative examinations and 
follow-up schedules in the study population. Thirdly, there 

is a lack of clinical information on diagnosed cervical cancer, 
including stage, histology, and its treatment course. Testing 
performers (gynaecologists, family medicine doctors, or oth-
ers) and methods which can affect the accuracy of the test 
are also unknown. Lastly, the age distribution is not equal 
between the study groups. The small size of women aged 30-
39 and 70-79 in the N2 and N3 group may affect the incidence 
pattern of cervical cancer by age.

This nationwide cohort study provides an important mes-
sage that we can overcome the high false-negative rate of 
Pap tests by regularly repeating screening. We should more 
actively promote the importance of consecutive normal Pap 
tests to prevent cervical cancer, not just recent normal Pap 
tests, to the general population. Furthermore, future studies 
to improve the diagnosis accuracy of the Pap test, such as 
Pap/HPV co-testing, should be conducted to avoid delayed 
cancer diagnosis and improve survival outcomes.
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Introduction

Epithelial ovarian cancer is the most lethal gynecologic  
malignancy, leading to more than 140,000 deaths per year 
worldwide [1]. In South Korea, estimated new cases of ovarian 
cancer are 2,941 and estimated deaths from ovarian cancer are 
1,309 in 2020 [2]. More than 80% of patients experience recur-
rences and more than half show chemo-resistance. Therefore, 
it is critical to understand and overcome the mechanism(s) 
involved in chemo-resistance in order to develop better thera-
peutic strategies.

The DNA damage repair (DDR) pathway, an extensive 
network of pathways that detects and signals DNA dam-
age for subsequent processing, is known as a key process in  
human cancer development [3]. Ataxia telengiectasia and 
Rad3-related (ATR) and its downstream kinase, checkpoint 
kinase I (Chk1), are major components of the DDR pathway 
[4]. Most high-grade serous ovarian cancers (HGSC) show a 

mutation in TP53, which results in the loss of G1 checkpoint 
control, and thus significantly rely on S and G2 checkpoints 
for survival [5,6]. Therefore, targeting S and G2 checkpoints 
by inhibition of the ATR/Chk1 pathway in a tumor with a 
TP53 mutation will prevent DNA damage-induced G2 check-
point arrest, leading to mitotic catastrophe and tumor cell 
death [7]. 

Poly(ADP-ribose) polymerase (PARP) inhibition, which 
leads to the failure of double strand break (DSB) repair in 
BRCA1 and BRCA2 defective cells, is another strategy target-
ing the DDR pathway. BRCA1 and BRCA2 are essential in  
homolgous recombinant repair of DSBs. Approximately 15% 
of patients with HGSC harbor deleterious germ-line muta-
tions in BRCA1 and BRCA2 [8]. By inhibiting PARP in ovarian 
cancer with BRCA mutations, a failure of DSB repair, promo-
tion of genomic instability, apoptosis, and cancer cell death 
will occur [9]. In a clinical setting, PARP inhibitor mono-
therapy have shown modest activity even in BRCA wild-type 
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HGSC [10,11]. The limited activity of a PARP inhibitor against 
BRCA wild-type HGSC is partly caused by the overexpres-
sion of Rad51, which is associated with chemo-resistance [12].

Chk1 is known to play a critical role in homologous recom-
binant DNA repair. Chk1 facilitates the BRCA2-Rad51 inter-
action by phosphorylation of the BRCA2 C-terminal domain 
and Rad51 at T 309. This is an important step that allows the 
transnuclear localization of HR repair proteins in response to 
DSBs [13,14].

We hypothesized that inhibiting Chk1 would sensitize 
BRCA wild-type HGSCs to a PARP inhibitor by preventing 
the formation of Rad51 foci. In this study, we evaluated the 
preclinical efficacy of prexasertib (LY2606368), a selective ATP 
competitive small molecule inhibitor of Chk1 and Chk2, in 
combination with rucaparib, a PARP inhibitor, at clinically 
attainable concentrations in BRCA wild-type ovarian cancer.

Materials and Methods
 
1. Cell culture and drugs

SKOV-3 and OVCAR-3 (BRCA wild type) cell lines were 
purchased from the American Type Culture Collection (Rock-
ville, MD). SKOV-3 cell lines were cultured in McCoy’s 5A 
medium (Welgene, Gyeongsan, Korea) supplemented with 
10% fetal bovine serum (FBS) and 1% penicillin-streptomy-
cin (P/S; Invitrogen, Carlsbad, CA) in a humidified chamber 
with 5% CO2 at 37°C. OVCAR-3 cells were cultured in RPMI 
1640 medium (Roswell Park Memorial Institute, Buffalo, NY) 
supplemented with 10% FBS. Prexasertib and rucaparib were 
purchased from Selleckchem (Houston, TX) and dissolved 
in dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO). Final 
concentrations in culture medium never exceeded 0.2%.

2. Cell viability
Cell viability was measured by PrestoBlue cell viability  

reagent (Invitrogen). SKOV3 (1×105 cells/well) and OVCAR- 
3 cells (1×105 cells/well) were plated in 96-well plates in 
McCoy’s 5A and RPMI completed media respectively. Each 
cell lines were treated with prexasertib, rucaparib, and both 
combination at 0, 1, 5, 10, 50, and 100 μM for 72 hours. The 
treated cells were incubated with 10% PrestoBlue reagent 
for 30 minutes in room temperature. The absorbance at 540 
nm was measured by enzyme-linked immunosorbent assay  
microplate reader (Molecular Devices, San Jose, CA). All 
data are expressed as a percentage of control.

 
3. Cell proliferation

Cell proliferation was examined using a Cell Titer-Glo  
assay kit (Promega, Madison, WI). Cells were seeded in 96-
well microplates in McCoy’s 5A complete medium (con-

taining 10% FBS and 1% P/S) and treated with prexasertib,  
rucaparib or a combination at 0, 1, 5, 10, 50, and 100 μM for 
72 hours. A volume of Cell Titer-Glo reagent equal to the vol-
ume of cell culture medium was added to cells in each well. 
Cells were incubated at room temperature for 10 minutes 
and a luminescent signal was recorded by a luminescence 
microplate reader (Berthold Technologies, Bad Wildbad, 
Germany).

4. Rad51 siRNA transfection
Human Rad51 siRNA was synthesized by Genolution 

(Seoul, Korea), and siRNA for control was purchased from 
Santa Cruz Biotechnology (Dallas, TX). The Rad51 targeting-
sequence was 5′-AAGCUGAAGCUAUGUUCGCCAUU-3′.  
The transfection was performed using Opti-MEM media 
and Lipofectamine RNAi MAX (Invitrogen) according to the 
manufacturer’s method. Transfected cells were cultured in 
96-well plates or 100-mm culture dishes. At 48 hours after 
transfection, the cells were treated with rucaparib 50 μM for 
48 hours, and then cell viability and caspase-3 activity were 
determined or an immunoblot was undertaken.

5. Apoptosis by annexin V–FITC by flow cytometry
For apoptotic cell death analysis, an annexin V–FITC assay 

was carried out using a FITC Annexin V Apoptosis Detection 
Kit (BD Biosciences, San Jose, CA) according to the protocol 
provided. The cells, at a concentration of 1×106 cells/well, 
were seeded in a 6-well plate and treated with 0, 50, and 100 
μM concentrations of prexasertib, rucaparib or a combina-
tion of these for 48 hours. After treatment, supernatants and 
cells were harvested and centrifuged at 1,200 rpm for 7 min-
utes. The cell pellet was resuspended in 100 μL of 1× binding 
buffer, and 5 μL of FITC Annexin V and propidium iodide 
(PI) were added. Cells were incubated for 15 minutes at room 
temperature (25°C) in the dark. After incubation, 1× Binding 
Buffer was added to each sample, and cells were analyzed 
by flow cytometry within 1 hour. Flow cytometric analy-
sis was carried out using a FACS Calibur (BD Biosciences) 
flow cytometer, by analyzing at least 10,000 cells per sample.  
Results are presented as a percentage of the total gated num-
ber of cells.

6. Cell-cycle arrest by flow cytometry
For cell-cycle analysis, treated cell samples were washed 

with ice-cold phosphate-buffered saline (PBS) and fixed with 
70% ethanol at −20°C overnight. Then, samples were washed 
with PBS and resuspended with 0.5 mL of FxCycle PI/RNase 
Staining Solution (Invitrogen) containing 50 μg/mL PI with 
100 μg/mL RNase A, and incubated for 30 minutes at room 
temperature while protected from light. Samples were ana-
lyzed by FACS Calibur (BD Biosciences) flow cytometer.
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7. Caspase 3/7 activity
SKOV-3 or OVCAR-3 cells (1×105/well) in a white-walled 

96-well plate were cultured for 24 hours in McCoy’s 5A or 
RPMI 1640 complete media, and treated with prexasertib,  
rucaparib or a combination for 48 hours. The treated cells 
were incubated with 100 μL of Caspase-Glo 3/7 reagent 
at room temperature for 30 minutes. The luminescence of 

each sample was measured in by a luminometer (Molecular  
Devices). All data are expressed as a fold induction of con-
trol.

8. Western blot analysis
Treated cells were lysed by ice-cold cell lysis buffer (Intron 

Biotechnology, Seongnam, Korea), and protein concentra-

Fig. 1.  Prexasertib or rucaparib reduce cell viability and proliferation and induce apoptotic cell death in BRCA wild-type ovarian cancer 
cell lines. The cells were treated with either prexasertib (0-100 μM) or rucaparib (0-100 μM) for 72 hours after cells were seeded. The cell 
viability (A) and proliferation (B) of prexasertib and rucaparib was determined by PrestoBlue or Cell Titer-Glo assay in SKOV-3 and  
OVCAR-3 cells. (C) The activity of caspase-3 was measured by luciferase assay using Caspase-Glo 3/7 reagent. Cell viability, proliferation, 
and caspase-3 activity were calculated relative to 0.01% dimethylsulfoxide-treated control cells. (Continued to the next page)
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tions were determined with a BCA assay kit (Pierce, Rock-
ford, IL) according to the manufacturer’s instructions. Equal 
amounts of protein (20-30 μg/lane) was separated on a 12% 
acrylamide gel by sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis, transferred to a polyvinylidene fluoride 
membrane, and blocked with 5% non-fat milk. Each mem-
brane was incubated with anti-Chk1, anti–phospho Chk1 
(Ser345), anti–phospho Chk1 (Ser296), anti-PARP, anti–cyclin 
B1 (Cell Signaling Technology, Danvers, MA); anti-Rad51, 
anti–γ-H2AX (Ser139), anti–phospho histone H3 (Ser10), 
anti–cleaved caspase-3, anti–cleaved PARP (Abcam, Cam-
bridge, UK); and alpha-tubulin (Sigma-Aldrich) antibodies. 
Each membrane was then incubated with horse radish per-
oxidase (HRP)–conjugated secondary anti-mouse or rabbit 
IgG antibody, and protein bands visualized using Immobilin 
Forte Western HRP Substrate (Millipore, Burlington, MA).

9. Statistical analysis
All procedures were performed using at least 16 samples 

and repeated in three independent experiments. All data 
are represented by the mean value±standard deviation. 
Since, Komogorov-Smmirnov test revealed that all variables 
showed normal distribution, student’s t test was used to  
determine the p-value between the two different groups. A 
p-value of less than 0.05 was considered significant.

 

Results

1. Chk1 inhibition induces apoptotic cell death compared 
to PARP inhibition in BRCA wild-type ovarian cancer cell 
lines 

First, to validate the induction of cell death by Chk1 or 
PARP inhibition in ovarian cancer cell lines, we evaluated 
cell viability and proliferation in the presence of prexasertib 
and rucaparib using PrestoBlue and Cell Titer-Glo assays. 
The cell viability and proliferation of SKOV-3 and OVCAR-3 
cells were reduced when cells were treated with prexasertib 
compared to rucaparib (Fig. 1A and B). Caspase-3 luciferase  
activity involved in the apoptotic signaling pathway increa-
sed in a dose-dependent manner in prexasertib-treated 
SKOV-3 and OVCAR-3 cells, but not in rucaparib-treated 
cells (Fig. 1C). Immunoblot analysis revealed that cells increa- 
sed the expression of the pro-apoptotic proteins, cleaved 
caspase-3, and cleaved PARP, under prexasertib treatment 
(Fig. 1D). These results suggest that Chk1 inhibition induced  
apoptotic cell death in ovarian cancer cells.

2. Chk1 inhibition combined with PARP inhibition pro-
motes apoptotic cell death in BRCA wild-type ovarian can-
cer cell lines

We next assessed the combined effect of Chk1 and PARP 
inhibition in ovarian cancer. Cell viability curves for com-
bination treatments, ranging from 0-100 μM for prexasertib, 
and 0, 10, and 50 μM for rucaparib, were determined from 
PrestoBlue assays (Fig. 2A). We then selected two doses of 
prexasertib/rucaparib (10, 50 μM/10 μM and 10, 50 μM/50 
μM) to test for a combination effect. Apoptosis and caspase-3 
activity analysis demonstrated that combination therapy  
increased apoptotic cell death compared to prexasertib or 
rucaparib monotherapy in both SKOV-3 and OVCAR-3 cells 
(Fig. 2B and C). Western blot analysis showed that combina-
tion therapy promoted the expression of cleaved caspase-3 
and cleaved PARP, compared to prexasertib or rucaparib 
monotherapy, in a dose-dependent manner in ovarian cancer 
cells (Fig. 2D). This suggests that combined Chk1 and PARP 
inhibition, compared to the respective monotherapies, indu-
ced apoptotic cell death in ovarian cancer cells.

3. Chk1 inhibition could force mitotic entry of G2M-phase 
cells induced by PARP inhibitor in BRCA wild-type ovar-
ian cancer cell lines

Cell-cycle analysis revealed that prexasertib could force 
mitotic entry of SubG1 phase cells induced by rucaparib in 
BRCA wild-type ovarian cancer cells (Fig. 3A). SubG1 phase 
cells, which suggested the presence of an apoptotic popula-
tion, were significantly increased after combination therapy 
in SKOV-3 and OVCAR-3 cell lines. Western blot analyses 

Fig. 1.  (Continued from the previous page) (D) Representative  
images of immunoblotting data for protein levels of checkpoint 
kinase 1 (Chk1), poly(ADP-ribose) polymerase (PARP), cleaved 
caspase-3, and cleaved PARP proteins after prexasertib or ruca-
parib treatment. Alpha-tubulin was used as a loading control. 
Blue and red colors indicate prexasertib and rucaparib, respec-
tively. Values are expressed as the mean±standard deviation.  
*p < 0.05 compared to 0 μM, **p < 0.01 compared to 0 μM, ***p < 
0.001 compared to 0 μM, #Control group (CTL). 
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showed that the expression level of the mitotic marker, p-H3, 
increased after combination therapy, which suggested that 
the blockade was in fact in M phase (Fig. 3B). Moreover, 
prexasertib-treated cells showed a substantial reduction in 
the level of endogenous Chk1, whereas phosphorylation of 
Chk1 (Ser345) and expression of γ-H2AX was significantly 

increased, indicating the persistence of DSBs in the treatment 
group (Fig. 3B). Therefore, our results suggest that combi-
nation therapy forced mitotic entry of G2M phase cells with 
unrepaired DNA damage, which may have led to a synergis-
tic anticancer effect compared to monotherapy of each drug.

Fig. 2.  Combination treatment promotes suppression of cell viability and induction of apoptotic cell death in ovarian cancer cells. SKOV-3 
and OVCAR-3 cells were treated with either prexasertib (0-100 μM) or rucaparib (0, 10, and 50 μM) for 72 hours after cells were seeded. (A) 
Cell viability was determined by PrestoBlue in SKOV-3 and OVCAR-3 cells. (B) Apoptotic cell analysis was measured using an Annexin 
V assay by fluorescence activated cell sorting. (C) Caspase-3 activity was measured by luciferase assay using Caspase-Glo 3/7 reagent. 
(Continued to the next page)
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Fig. 2.  (Continued from the previous page) (D) Representative images of immunoblotting data for levels of checkpoint kinase 1 (Chk1), 
poly(ADP-ribose) polymerase (PARP), cleaved caspase-3, and cleaved PARP proteins in combination treatment conditions. Alpha-tubulin 
was used as a loading control. *p < 0.05 compared to 0 μM, **p < 0.01 compared to 0 μM, ***p < 0.001 compared to 0 μM, #Control group. 
Values are expressed as the mean±standard deviation.
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Fig. 3.  Combination treatment increases mitotic entry of sub G1 phase cells and activates the DNA damage signaling pathway. (A) Cell-
cycle analysis was determine using FxCycle propidium iodide (PI)/RNase staining solution by fluorescence activated cell sorting in both 
SKOV-3 and OVCAR-3 cell lines. (B) Representative images of immunoblotting data for levels of phospho-Ser345 checkpoint kinase 1 
(Chk1), phospho-Ser296 Chk1, Rad51, γH2AX, and phosphor-Ser10 Histone H3 proteins in combination treatment conditions. Alpha-
tubulin was used as a loading control. Values are expressed as the mean±standard deviation. **p < 0.01 compared to 0 μM, ***p < 0.001 
compared to 0 μM, #Control group. 
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4. Chk1 inhibition prevents nuclear Rad51 foci formation 
in response to rucaparib treatment in BRCA wild-type 
ovarian cancer cell lines

Gene expression data through analysis of The Cancer  
Genome Atlas was evaluated; this revealed Rad51 was a poor 
prognostic marker for patients with breast cancer. Addition-

Fig. 4.  Regulation of Rad51 expression affects anticancer effect by poly(ADP-ribose) polymerase (PARP) inhibition. (A, B) Knockdown of 
Rad51 expression was performed by Lipofectamine in ovarian cancer cells. After inhibition of Rad51, SKOV-3, and OVCAR-3 cells were 
treated with 50 μM rucaparib for 48 hours. Cell viability and caspase-3 activity were measured by PrestoBlue and Cell Titer-Glo assays, 
respectively. (C) Representative images of immunoblotting data for protein levels of Rad51, checkpoint kinase 1 (Chk1), PARP, γH2AX, 
cleaved caspase-3, and cleaved PARP under specific conditions. Alpha-tubulin was used as a loading control. Values are expressed as the 
mean±standard deviation. **p < 0.01 compared to 0 μM, ***p < 0.001 compared to 0 μM, #Control group.
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ally, Rad51 expression levels were much higher in African–
American and Asian patients with breast cancer compared 
to Caucasians, suggesting Rad51 was a biomarker for racial 
disparities in this disease. Also, our immunoblotting data re-
vealed that Rad51 expression was increased and regulated 
depending on Chk1 expression in ovarian cancer cells (Fig. 
3B). Therefore, to evaluate the anticancer effect in response 
to inhibition of Rad51, we incorporated siRad51 in both cell 
lines and treated these with rucaparib. Cell viability redu-
ced Rad51 knockdown and rucaparib treatment (Fig. 4A); 
caspase-3 activity was induced under the same conditions in 
both SKOV-3 and OVCAR-3 cells (Fig. 4B). Western blot anal-
yses of BRCA wild-type ovarian cancer cell lines treated with 
siRad51 and rucaparib showed a similar pattern to those of 
cells treated with prexasertib and rucaparib, indicating that 
Chk1 inhibition by prexasertib prevents nuclear Rad51 foci 
formation in response to rucaparib treatment (Fig. 4C). These 
results demonstrated that synergistic cytotoxicity in combi-
nation treatment with prexasertib and rucaparib is caused by 
a reduced Rad51 response. The induction of nuclear Rad51 
foci by rucaparib might be abrogated when Chk1 is inhibited 
by prexasertib in BRCA wild-type ovarian cancer cell lines. 

Discussion

Currently, PARP inhibitors such as olaparib, rucaparib, 
and niraparib, have been approved by the U.S. Food and 
Drug Administration and shown to have clinical potential 
in treating ovarian cancer. However, olaparib monotherapy 
achieved only a 30% response rate for the treatment of BRCA 
wild-type ovarian cancer [15]. 

Individual PARP inhibitors have different binding affini-
ties for PARP1, PARP2, and PARP3 [16]. Thus, on-target  
effects might be different according to the types of PARP  
inhibitors [16]. Rucaparib inhibits PARP1, PARP2, and PARP- 
3, whereas olaparib and niraparib inhibits only PARP1 and 
PARP2 [16]. In addition, PARP3 has been reported to acti-
vate the enzymatic activity of PARP1 in the absence of DNA. 
Therefore, the additional inhibition of PARP3 might potenti-
ate the effects of rucaparib compared with olaparib or nira-
parib [16,17].

A part 1 of the ARIEL2 trial revealed that rucaparib mono-
therapy was efficacious in women with relapsed, platinum-
sensitive, BRCA mutated HGSC cell lines, as well as in those 
with BRCA wild-type carcinomas with high genomic loss of 
heterozygosity, a potential marker of homologous recombi-
nation deficiency and PARP inhibitor activity [18,19]. In our 
study, we applied rucaparib as a PARP inhibitor, expecting to 
have compatible potency with olaparib or niraparib, as well 
as comparable interaction with Chk1 inhibitor in BRCA wild-

type ovarian cancer.
To achieve a higher complete response for the treatment 

of BRCA wild-type ovarian cancer, a combination strategy 
with PARP inhibitors and other cytotoxic agents has been 
attempted. From this viewpoint, the ATR/Chk1 axis can be 
an attractive target. Several studies reported that inhibition 
of the ATR/Chk1 axis caused replication catastrophe, DNA 
damage, and cell death [20]. Moreover, several studies have 
reported that Chk1 can overcome the chemo-resistance of 
PARP inhibitors, and synergizes cytotoxic effects in cancer 
cells, including in ovarian, mammary, and gastric cancer cell 
lines [4,21-23].

In this study, we demonstrated that a combination of 
prexasertib with the PARP inhibitors, rucaparib, showed 
synergistic cytotoxicity against BRCA wild-type HGSC 
cell lines. First, we found that monotherapy of each drug,  
especially the Chk1 inhibitor, significantly suppressed cell 
proliferation. Nonetheless, combination therapy showed a 
synergistic effect in the suppression of cell proliferation and 
cytotoxicity. Our results are similar to those of several prior 
studies. A study exists that evaluates the in vitro toxicity of 
the PARP inhibitors, olaparib, in combination with prexas-
ertib for the treatment of BRCA mutant and BRCA wild-type 
high-grade serous ovarian cancer (OVCAR3, OV90, PEO1, 
and PEO4) cell lines [23]. The authors suggested that com-
bination treatment synergistically decreased cell viability in 
all cell lines, and induced greater DNA damage and apop-
tosis than monotherapy of each drug (p < 0.05 for all) [23]. 
In addition, they demonstrated that treatment with olaparib 
in BRCA wild-type HGSC cell lines caused the formation of 
Rad51 foci, whereas combination treatment with prexasertib 
inhibited the transnuclear localization of Rad51 [23]. Rad51 
is a key protein in homologous recombination [23]. There-
fore, they suggested that prexasertib increased the cytotoxic-
ity of PARP inhibitor by preventing Rad51 foci formation in 
BRCA wild-type HGSC cell lines [23]. In our study, we used 
rucaparib which are expected to have compatible potency 
with other PARP inhibitors, such as olaparib and niraparib. 
Similar to prior study using olaparib, combination of Chk1 
inhibitor and rucaparib also showed synergistic anticancer 
effect in BRCA wild-type ovarian cancer cell lines [23]. The 
authors reported that olaparib treatment induced nuclear 
Rad foci formation in BRCA wild-type HGSC cell lines, while 
prexasertib had no impact on nuclear Rad51 foci formation 
[23]. They hypothesized that the induction of nuclear Rad51 
foci by olaparib was completely abrogated when Chk1 is  
inhibited by prexasertib in all BRCA wild-type HGSC cell 
lines [23]. On the contrary, in our study, western blotting 
showed that Rad51 expression decreased under prexasertib 
monotherapy and a combination of prexasertib and ruca-
parib, whereas it increased under rucaparib monotherapy, 
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which might be comparable to prior study using olapa-
rib. Furthermore, we proved that reduced levels of Rad51  
expression by siRNA increases sensitivity to rucaparib in 
BRCA wild-type ovarian cancer cell lines. Our study confirms 
that Chk1 potentiates sensitivity to PARP inhibitor of BRCA 
wild-type ovarian cancer cells by suppression of Rad51. In 
addition, our data support that the interaction mechanism of 
Chk1 inhibitor and PARP inhibitor was similar, regardless of 
types of PARP inhibitors. 

Another study evaluated the cytotoxic effect of a combina-
tion of PARP inhibitor and ATR inhibitor/Chk1 inhibitor in 
BRCA mutant ovarian cancer cell lines [4]. It was suggested 
that a combination of PARP inhibitor with ATR/CHK1 inhi-
bitor is more effective than PARP inhibitor monotherapy in 
BRCA mutant ovarian cancer cell lines due to the increased 
reliance on ATR/CHK1 for genome stabilization under 
PARP inhibitor treatment [4].

Another study reported that a Chk1 inhibitor potentiated 
the cytotoxic effect of PARP inhibitor in gastric cancer cell 
lines [22]. The authors showed that a Chk1 inhibitor inhib-
its homologous recombination–mediated DNA repair, and 
thus had a marked synergistic anticancer effect in combina-
tion with PARP inhibitor in both in vitro studies and in vivo  
experiments, using a gastric cancer patient-derived xenograft 
model [22]. They suggested that synergy between the Chk1 
inhibitor, LY2606368, and PARP inhibitor might be caused by 
an impaired G2M checkpoint due to LY2606368 treatment, 
which forced mitotic entry and cell death in the presence of 

a Chk1 inhibitor [22]. 
In conclusion, we demonstrate that a Chk1 inhibitor sup-

presses Rad51, which affects a decrease in homologous  
recombinant repair. Moreover, we found that Chk1 inhibi-
tor and PARP inhibitor combination therapy forced mitotic 
catastrophe and cell death in p53-mutated ovarian cancer cell 
lines, which are highly dependent on G2/M phase cell-cycle 
arrest.

Importantly, we found that suppression of Rad51 sen-
sitized cells to the anticancer effect of the PARP inhibitor, 
which might be applied to the treatment of various human 
cancer cells. This provides a potentially new therapeutic 
strategy for the treatment of BRCA wild-type HGSC, which 
is the most common type of epithelial ovarian cancer.
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Introduction

Human papillomavirus (HPV) is well established as the 
main cause of cervical cancer [1]. HPV testing has very high 
sensitivity for detecting cervical precancerous lesions defined 
as high-grade squamous intraepithelial lesions (HSIL) [2,3]. 

However, a major obstacle to controlling cervical cancer is 
the lack of participation in screening programs. In developed 
countries, such as the United Kingdom and the United States, 
20%-30% of women of screening age have not been screened 
within the past 5 years or have never been screened [4]. In 
countries without well-developed screening programs, the 
participation rate was low, and 50%-80% of women were not 
screened [5]. Recently, comparative modeling analysis sug-
gests that both high HPV vaccination coverage and screening 
uptake will be necessary, particularly in countries with the 
highest burden, to achieve elimination of cervical cancer [6].

HPV test using non-invasive technique such as self-collect-

ed urine and vaginal sampling is feasible and may increase 
participation in screening programs [7,8]. An HPV test using 
self-collected vaginal samples showed a comparable clinical 
accuracy in detecting HSIL in a meta-analysis [9]. The IMPR-
OVE study, a randomized controlled trial, suggested that 
HPV testing with a clinically-validated polymerase chain  
reaction (PCR)–based assay had similar accuracy between 
self-collected and clinician-collected samples in terms of  
detection of precursor lesions (HSIL) [10]. In addition, since 
the HPV test using urine seems to have good accuracy in  
detecting HPV infection, it could be an additional strategy for 
women who do not participate in regular screening programs 
[11].

The accuracy of self-collecting HPV has been shown by 
well-established evidence, but it still has some limitations. A 
meta-analysis showed that HPV testing had lower sensitiv-
ity when performed with self-collected samples than with 
clinician-collected samples [9]. Furthermore, only 8.8% of the 
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women invited to the IMPROVE trial participated. This low 
participation rate might reflect reluctance to be included in a 
randomized trial [12]. In terms of the urine HPV test, there 
was substantial heterogeneity between the studies in terms 
of type of HPV test used, diverse methods, and disease out-
comes. Moreover, the clinical sensitivity for detecting cervi-
cal cancer precursor lesions with urine-based HPV testing 
remains unknown [13].

The objective of this study was to determine the perfor-
mance and diagnostic accuracy of PCR-based high-risk HPV 
assays on self-collected vaginal and urine samples for detec-
tion of precancerous cervical lesions in a large referral popu-
lation and to compare the results with those using the same 
test from paired clinician-collected cervical samples collected 
at the same visit.

Materials and Methods
 
1. HPV URSELF study

A population-based study of women referred to colpos-
copy for abnormal cytology results was conducted at three 
medical centers in Korea between January 2018 and January 
2020. Potential participants had to be between the ages of 20 
and 60, not pregnant at the time of the study, and have had 
none of the following: previous treatment for cervical disease 
(including the loop electrosurgical excision procedure, cold 
knife conization, cryotherapy, and laser therapy), previous 
hysterectomy, prior chemotherapy, radiation treatment for 
cervical neoplasia or another concurrent cancer, and human 
immunodeficiency virus infection or acquired immune defi-
ciency syndrome. Matched samples (clinician-collected cer-
vical sample, self-collected vaginal, and urine samples) were 
collected from study participants within 1 week after their 
visit to the colposcopy center. 

2. Sample collection and preparation
On the day each participant visited the colposcopy cent-

er, she was provided with a self-sampling kit consisting 
of a plastic brush (Flocked Swab, manufactured by Noble 
Biosciences, Inc., Hwaseong, Korea), PreservCyt Solution 
(ThinPrep, manufactured by Hologic, Marlborough, MA), 
a urine collection cup (BD Vacutainer, manufactured by BD 
Diagnostics, Franklin Lakes, NJ), and illustrated instructions. 
Participants were instructed to collect a vaginal sample by 
inserting the plastic brush one inch into the vagina, rotating 
the swab for 15 seconds, and then removing it. The brush 
was subsequently suspended in 5 mL of ThinPrep, Preserv-
Cyt Solution. Participants then underwent a pelvic exam 
during which the clinician-collected a cervical sample using 
a cervical brush (Cervical Brush, manufactured by Noble 

Biosciences, Inc.). This brush was also suspended in 5 mL of 
ThinPrep, PreservCyt Solution. On the morning of another 
day, participants were instructed to collect the initial flow 
of urine (first-void) samples (approximately 30 mL) with a 
urine collection cup. The clinician-collected cervical samples 
were used as a reference sample for HPV DNA detection. 
Cervical, vaginal, and urine samples were stored at 4°C and 
processed within 1 week [14].

3. HPV assay detail
DNA extraction was performed as previously described 

[15]. HPV genotyping was performed via two different 
methods, the RealTime HR-S HPV and Anyplex II HPV 28 
assays, both of which were performed at the Korea Univer-
sity Guro Hospital. The procedures used for the two assays 
were performed as previously described [15].

4. Sample size
Based on previous studies on real-time PCR-based HPV 

testing using urine samples as in this study, we assumed the 
sensitivity for cervical intraepithelial neoplasia (CIN) 2+ was 
90%, with a 95% confidence interval (CI) 81.2-98.8 [11,16]. 
The calculated minimum number of study participants with 
CIN2+ was 45. Based on previous literature, it was assumed 
that the prevalence of CIN2+ among women with abnormal 
cytology who were referred to colposcopic biopsy was 15% 
[17,18]. Therefore, the required sample size was 300 for this 
study.

5. Statistical analysis
The primary endpoint was the sensitivity and specificity of 

the assays to detect CIN2+ and CIN3+ in clinician-collected 
cervical samples and self-collected vaginal and urine sam-
ples. The relative accuracy of high-risk HPV (hrHPV) test 
results in vaginal and urine samples versus cervical samples 
was computed, and 95% CIs were calculated according to  
binomial distributions. McNemar’s test is a statistical test 
used to evaluate paired nominal data and can be used to 
compare the proportions of hrHPV positive results between 
self-collected vaginal/urine samples and clinician-collected 
cervical samples, while accounting for the correlation of mul-
tiple samples within subjects [19]. Anyplex II HPV 28 detects 
19 hrHPV types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 
58, 59, 66, 68, 69, 73, and 82), while RealTime HR-S detects 
14 hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
66, and 68). Only the 14 HPV types detected by the latter  
assays were considered hrHPV types in this study. Confi-
dence intervals were calculated, and the significance level 
was set at 0.05. The statistical analyses were performed using 
SPSS ver. 24.0 (IBM Corp., Armonk, NY) and MedCalc Soft-
ware (MedCalc software, Mariakerke, Belgium).
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Results

A flow diagram for this study is shown in Fig. 1. A total 
of 458 women agreed to provide clinician-collected cervical 
samples, self-collected vaginal samples, and first-void urine. 
Of these, 124 were excluded after enrollment because either 
a vaginal or urine sample was not collected, and 20 paired 
samples were further excluded due to invalid results or  
insufficient samples. Finally, matched samples (cervical, 
vaginal samples, and urine) were collected from 314 partici-
pants: 21 were diagnosed with CIN2, 104 were diagnosed 
with CIN3, and four were diagnosed with cervical cancer. 
The median age of the participants was 40±15.4 years. 

1. The agreement in HPV detection using self-collected 
vaginal/urine samples compared to clinician-collected cer-
vical samples and results of McNemar’s test

Table 1 shows the agreement between self-collected vagi-
nal or urine samples and clinician-collected cervical samples. 
The agreement between Realtime HR-S and Anyplex II HPV 
tests for vaginal versus cervical samples was 85.03% (95% CI, 
80.60 to 88.79) and 82.17% (95% CI, 77.47 to 86.24), respec-
tively. There was no significant difference in hrHPV detec-
tion between cervical and vaginal samples (RealTime HR-S, 
p=0.079; Anyplex II HPV, p=0.350). The agreement between 

HPV tests in urine compared with cervical samples was low-
er than vaginal samples (RealTime HR-S: 78.03%; 95% CI, 
73.03 to 82.48; and Anyplex II: 74.84%; 95% CI, 69.66 to 79.55). 
In addition, there was a significant difference in hrHPV  
detection between cervical and urine specimens (RealTime 
HR-S, p < 0.001; Anyplex II HPV, p < 0.001).

Table 2 presents the concordance between urine and vagi-
nal HPV tests compared to cervical HPV tests according to 
age group. There was no significant difference in hrHPV 
detection between cervical and vaginal samples between all 
age groups as shown in Table 1. However, urine HPV tests 
showed a significant difference compared to cervical HPV 
tests in women aged in their 20s and 30s, but not in those 
aged in their 40s and 50s.

Table 3 shows the agreement for HPV tests between vagi-
nal/urine samples and cervical samples according to cyto-
logic results. When comparing the cervical and vaginal HPV, 
there was a statistical difference in the patients diagnosed 
with ASC-H (atypical squamous cells of a high-grade squa-
mous intraepithelial lesion cannot be ruled out) and HSIL by 
cytology. Urine HPV tests showed a significant difference 
from cervical HPV tests in all cytology results.

2. Absolute sensitivity and specificity
As shown in Table 4 for the cervical samples, the sensitiv-

Fig. 1.  Study flow diagram. CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

Collection of three kinds of samples and colposcopic biopsy
- Clinician-collected cervical samples
- Self-collected vaginal samples
- Moming first urine

Reference standard: histology (n=314)
- CIN2 (n=21)
- CIN3 (n=104)
- Cancer (n=4)

Excluded (n=124)
- No vaginal sample collected (n=50)
- No urine collected (n=74)

Excluded (n=20)
- Invalid results (n=12)
- Insufficient samples (n=18)

New referrals with abnormal cytology (n=458)

DNA extraction (n=334)

Realtime HPV HR-S detection kit and
anyplexII HPV28 detection kit
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ity of Realtime HR-S and Anyplex II were 93.13% (95% CI, 
87.36 to 96.81) and 90.08% (95% CI, 83.63 to 94.61), respec-
tively. The specificity of the two HPV assays for detecting 
CIN2+ were 32.69% (Realtime HR-S: 95% CI, 25.03 to 38.97) 
and 33.33% (Anyplex II: 95% CI, 26.26 to 41.01) for detecting 
CIN2+.

For the vaginal samples, the sensitivity of Realtime HR-S 
and Anyplex II was 84.73% (95% CI, 77.41 to 90.42) and 
78.63% (95% CI, 70.61 to 85.30) for CIN2+, respectively. The 
specificity of Realtime HR-S and Anyplex II was 26.79% (95% 
CI, 20.25 to 34.15) and 29.17% (95% CI, 22.42 to 36.66), respec-
tively. The sensitivities of the urine HPV test were slightly 
lower than those of cervical or vaginal HPV tests (Realtime 
HR-S: 73.28%; 95% CI, 64.85 to 80.63; Anyplex II: 66.41%; 95% 
CI, 57.61 to 74.42). The specificity of Realtime HR-S and Any-
plex II was 32.14% (95% CI, 25.16 to 39.77) and 46.43% (95% 
CI, 38.71 to 54.27), respectively.

3. Relative sensitivity and specificity 
The relative sensitivities and specificities for detecting 

CIN2+ in all samples are presented in Table 5. The sensitivity 
of HPV tests from vaginal samples was lower, but not signifi-
cantly different compared to that of cervical samples (Real-
time HR-S: 0.91; 95% CI, 0.80 to 1.04; Anyplex II: 0.87; 95% CI, 
0.75 to 1.02). However, the relative sensitivity of HPV tests on 
urine specimens was significantly lower than cervical HPV 
tests (Realtime HR-S: 0.79; 95% CI, 0.70 to 0.92; Anyplex II: 
0.74; 95% CI, 0.61 to 0.89). There was no significant difference 
in specificity for detecting CIN2+ between vaginal/urine 
samples compared with cervical samples.

Discussion

In this study, the paired sensitivity differences for detect-
ing CIN2+ between cervical versus vaginal sampling were 
not significant, but the sensitivity of hrHPV tests on urine 
was significantly lower than that seen in cervical samples. 
In terms of concordance between samples, the agreement 
between hrHPV detection in self-collected vaginal and cli-
nician-collected cervical samples was comparable, whereas 
there was a significant difference between self-collected 
urine and clinician-collected cervical samples with respect to 
the use of HPV tests to detect hrHPV infection.

Out results are in line with other studies that investi-
gated the accuracy of HPV testing on self-collected vaginal 
samples. Previous studies including clinical trial and meta-
analysis showed that HPV testing on self-collected vaginal 
samples had similar accuracy to clinician-collected cervi-
cal samples [9,10,20]. A 2014 meta-analysis showed that  
although the pooled sensitivity of HPV testing on self-sam-Ta
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ples was lower than HPV testing on a clinician-taken sample 
(ratio, 0.88 [95% CI, 0.85 to 0.91] for CIN2 or worse and 0.89 
[0.83 to 0.96] for CIN3 or worse), PCR-based HPV tests gen-
erally showed similar sensitivity for both self-samples and 
clinician-based samples [9]. An updated meta-analysis also 
showed that when used with hrHPV assays based on PCR, 
testing on self-collected samples was similarly accurate as 
on clinician samples (pooled ratio of sensitivity for CIN2+, 
0.99; 95% CI, 0.97 to 1.02) [20]. In a randomized, non-inferi-
ority trial, HPV testing performed with a clinically-validated 
PCR-based assay had similar accuracy for self-collected and 
clinician-collected samples in terms of detection of CIN2+ or 
CIN3+ lesions [10].

This study showed that the hrHPV positivity and sen-
sitivity for CIN2+ in urine was significantly lower than in 
cervical samples. Although many recent studies including 
meta-analyses that reported that PCR-based HPV testing on 
urine samples seemed to have good accuracy for detection of 
HPV [11,21-23], there was substantial heterogeneity between 
the studies. A 2014 meta-analysis of 14 studies reported a 
pooled sensitivity of 77% and specificity of 88% for urine  
detection of hrHPV [11]. Senkomago et al. [24] demonstrated 
that the sensitivity of HPV tests in urine for CIN2+ detec-
tion was high (89.9%; 95% CI, 62.7 to 99.6). Cuzick et al. [13] 
showed the sensitivity from urine was slightly, but not signif-
icantly, lower (CIN3+, 91.4% [95% CI, 83.0 to 96.5]; p=0.300; 
CIN2+, 88.3% [95% CI, 81.9 to 93.0]; p=0.060). On the other 
hand, in a PaVDaG study, which is a population-based study, 
the relative sensitivity of hrHPV positivity for the detection 
of CIN2+ in urine versus cervical comparisons was signifi-

cantly low (0.53; 95% CI, 0.42 to 0.67) [19]. Asciutto et al. 
[25] showed that detection of hrHPV in urine samples had a 
sensitivity of 76.3% (95% CI, 67.9 to 84.2) for HSIL, which is 
similar to our results. Therefore, evidence regarding clinical 
performance including sensitivity for detecting precancerous 
lesions with HPV testing on urine samples has been lacking 
until now [13].

There may be several reasons why the urine HPV test is 
less sensitive compared with cervical HPV tests in this study. 
First, since two HPV assays (Realtime HR-S and Anyplex II) 
were performed from one self-collected sample in the study, 
the amount of that sample might not have been sufficient. 
Moreover, because self-collected vaginal or urine samples 
did not contain enough exfoliated cervical cells for detection, 
this insufficient amount may have degraded the clinical per-
formance of the self-collected vaginal samples [26]. Second, 
an uncontrolled urine sampling technique such as sampling 
at home has the risk of detecting HPV infections not cor-
related to the cervix and interacts negatively with test per-
formance. Third, because the study did not use a chelating 
agent to collect cell-free DNA, this may be associated with 
the low concordance seen in the urine samples [27]. Previ-
ous studies have detected a substantial amount of non-cell-
associated DNA, and a chelating agent can be used to avoid 
degradation of cell-free DNA [15]. Finally, there might have 
been DNA degradation in sample storage, due to urine col-
lection without a preservative.

Additionally, the patient’s age may have influenced the 
outcome. There was no significant difference in hrHPV  
detection between cervical and urine samples in women aged  

Table 4.  Clinical performance of HPV test to detect CIN2+ in clinician-collected cervical, self-collected vaginal and urine samples

                                         Realtime HR-S HPV                                           Anyplex II HPV

 Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

Cervical 93.13 (87.36-96.81) 32.69 (25.03-38.97) 90.08 (83.63-94.61) 33.33 (26.26-41.01) 
Vaginal 84.73 (77.41-90.42) 26.79 (20.25-34.15) 78.63 (70.61-85.30) 29.17 (22.42-36.66)
Urine 73.28 (64.85-80.63) 32.14 (25.16-39.77) 66.41 (57.61-74.42) 46.43 (38.71-54.27)
CI, confidence interval; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

Table 5.  Relative sensitivity/specificity of HPV test to detect CIN2+ in self-collected vaginal and urine samples compared with clinician-
collected cervical samples

                                         Realtime HR-S HPV                                           Anyplex II HPV
Comparison of

 Relative sensitivity Relative specificity Relative sensitivity Relative specificity samples
 (95% CI) (95% CI) (95% CI) (95% CI)

Cervical vs. vaginal 0.91 (0.80-1.04) 0.82 (0.52-1.37) 0.87 (0.75-1.02) 0.88 (0.55-1.38)
Cervical vs. urine 0.79 (0.70-0.92) 0.98 (0.65-1.59) 0.74 (0.61-0.89) 1.39 (0.94-2.07)
CI, confidence interval; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

Cancer Res Treat. 2021;53(3):829-836

834     CANCER  RESEARCH  AND  TREATMENT



Hyun-Woong Cho, HPV URSELF

VOLUME 53 NUMBER 3 JULY 2021     835

40-50. In a PaVDaG study, there was a 38% (24% to 57%) 
higher HPV detection rate in vaginal self-samples from 
women over 50 years compared with those ≤ 29 years [19]. 
Further studies are needed on the clinical performance of the 
urine HPV test according to age.

This study has several limitations. First, because a referral 
population was enrolled in this study, there may be limita-
tions in evaluating the clinical performance of HPV testing 
on urine and vaginal samples. Previous studies have shown 
that a referral population is usually provides an efficient and 
accurate measure of sensitivity in a screening context, but its 
higher HPV positivity rate may make it is less reliable for  
assessing specificity [13]. Further studies are needed to 
validate the clinical performance of the Realtime HR-S and 
Anyplex II HPV tests with urine and vaginal sampling, espe-
cially for specificity in a screening population. Second, DNA  
extracts from participant urine and vaginal samples were  
divided for two kinds of HPV assays. Therefore, the relia-
bility of the HPV test may deteriorate due to an insufficient 
amount of DNA. However, samples with incomprehensi-
ble results or invalid internal controls were excluded from 
analysis in this study. In addition, loss of urine during self-
sampling at home and non-use of chelating agents and pre-
servatives may be negative factors to lower the sensitivity of 
the urine HPV test.

Regardless of the limitations, the current study is the first 
Korean study to evaluate the clinical performance of PCR-
based HPV tests using paired urine, vaginal, and cervical 
samples for detection of precancerous cervical lesions in 
high-risk women.

In conclusion, test performance to detect hrHPV and 
CIN2+ on self-collected vaginal samples was comparable 
with that of clinician-collected cervical samples. On the other 
hand, HPV tests using urine were inferior to those using cli-
nician-collected cervical samples in terms of detecting HPV 
and CIN2+. HPV testing from self-collected vaginal samples 
may be useful for women who do not obtain cervical screen-
ing. Further research is needed to increase the sensitivity of 
urine HPV tests and optimize sampling methods.
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Introduction

T-cell lymphoblastic lymphoma (T-LBL) is an aggressive 
subtype of non-Hodgkin lymphoma, characterized by male 
predominance and a high frequency of mediastinal tumor 
[1,2]. Although pediatric-derived, intensive lymphoblastic 
leukemia-like protocols significantly prolong survival, many 
patients continue to fail to achieve a response or suffer relapse 
[3,4]. In addition, there is no optimal prognostic model for  
T-LBL. Conventional markers of tumor burden, including 
Ann Arbor stage, International Prognostic Index (IPI), serum 
lactate dehydrogenase (LDH), bulky disease and bone mar-
row involvement, have been reported to be prognostic in lim-
ited studies [4-6]. Therefore, there remains an urgent need to 
identify new prognostic factors and accurate risk stratifica-
tion to develop individualized treatment strategies for T-LBL. 

18Fluorine fluorodeoxyglucose positron emission tomogra-
phy–computed tomography (FDG PET-CT) has been adopted 

by the 2014 International Conference on Malignant Lympho-
ma imaging consensus guidelines as a powerful tool in the 
staging and response assessment of FDG-avid lymphoma 
[7]. Recently, new promising parameters measured on base-
line positron emission tomography–computed tomography 
(PET-CT), including total metabolic tumor volume (TMTV), 
and total lesion glycolysis (TLG), which estimate both tumor 
burden and metabolism, have been shown to be significant-
ly related to inferior progression-free survival (PFS) and/
or overall survival (OS) in diffuse large B-cell lymphoma 
(DLBCL), primary mediastinal large B-cell lymphoma, Hodg-
kin lymphoma (HL), follicular lymphoma (FL), peripheral  
T-cell lymphoma (PTCL), and extranodal natural killer/T cell 
lymphoma (NKTCL) [8-15]. 

The current study aims to determine whether the TMTV 
and TLG evaluated by PET-CT are capable of predicting sur-
vival in T-LBL, and to generate a risk model for T-LBL pati-
ents to identify those with a high risk of disease relapse.
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Materials and Methods
 
1. Patients and characteristics

From January 2013 to December 2018, 37 patients with 
treatment naïve T-LBL, who underwent baseline FDG PET-
CT, were included in this retrospective study. All patients 
were diagnosed according to the 2016 World Health Organi-
zation Classification of Tumors of Hematopoietic and Lym-
phoid Tissues. Response assessment was made according to 
The International Working Group response criteria [16].

2. PET-CT parameters
All patients underwent FDG PET-CT before the initiation 

of chemotherapy. PET-CT scans were performed after at least 
six hours of fasting. Blood glucose was required to be lower 
than 11.1 mmol/L before initiation. Sixty minutes after the 
administration of 3.7-4.4 MBq/kg of 18F-FDG, images were 
acquired from the skull base to the upper thighs using a 
delicate scanner (Siemens Biograph 64 True point PET-CT, 
Erlangen, Germany). Computed tomography images were 
acquired at 130 mAs, 130 kV, and a slice width of 8 mm per 
rotation performed for the attenuation correction of PET 
scan. Corrected emission data images were reconstructed  
after Fourier transformation with AWOSEM software (2  
iterations, 8 subsets, 5 mm Gaussian filter).

All PET-CT scans were reviewed and computed by two 
board-certified nuclear medicine physicians blinded to the 
patient’s clinical outcome. For the target lesions of FDG 
tracer uptake, a standardized uptake value (SUV) of ≥ 2.5 
as the contouring border was considered to represent lym-
phoma, as suggested by Freudenberg et al. [17]. Notably, 
the automatically estimated lesion boundaries were partly 
manually redrawn to exclude physiological cardiac activ-
ity. Dedicated software (Syngo TrueD, Siemens) automati-
cally estimated the average and maximum SUV (SUVmean 
and SUVmax) and metabolic tumor volume (MTV) of each  
lesion, which was obtained by using an isocontour threshold 
method based on the 41% SUVmax method as recommended 
by the European Association of Nuclear Medicine [18]. The 
highest baseline SUVmax of all lesions was considered the 
SUVmax of the patient. TMTV was measured as the sum of 
the MTVs of all nodal and extranodal lesions. Bone marrow 
was included in TMTV measurement when there was focal 
uptake. TLG was measured as MTV multiplied by the aver-
age SUV of each lesion, and thentotal TLG was obtained by 
summing TLG of all lesions. 

3. Statistical analysis 
Receiver-operating characteristic (ROC) analysis was used 

to determine optimal cutoff values for SUVmax, TMTV and 
TLG based on survival prediction. The characteristics of 

the patients were compared using Fisher’s exact test or chi-
square test for discrete variables, and t test or Mann-Whitney 
test for continuous variables. PFS was calculated from diag-
nosis to the date of first disease progression, relapse, death 
or the date of last follow-up. OS was calculated from diag-
nosis to the date of death from any cause or to the date of 
last follow-up. Survival curves were plotted according to 
the Kaplan-Meier method and differences between groups 
were analyzed using a two-tailed log rank test. Those with a  
p-value less than 0.1 in the univariate regression were inclu- 
ded into the multivariable prognostic analyses, and Cox  
regression with a forward LR model was used to estimate 
the hazard ratio (HR). All statistical analyses were performed  
using SPSS ver. 25.0 software (IBM Corp., Armonk, NY), and 
p < 0.05 was considered to be statistically significant. 

Table 1.  Clinical characteristics of the entire cohort

Characteristic No. (%) (n=37)

Age, median (range, yr) 22 (12-75)
Male sex 29 (78.4)
Ann Arbor stage
    I 3 (8.1)
    II 2 (5.4)
    III 2 (5.4)
    IV 30 (81.1)
IPI score 
    0-2 22 (59.5)
    3-5 15 (40.5)
B symptoms 7 (18.9)
ECOG ≥ 2  7 (18.9)
Bone marrow involvement 12 (32.4)
CNS involvement 
    At diagnosis 2 (5.4)
    Disease progression 3 (8.1)
Extranodal involvement ≥ 2 sites 20 (54.1)
Bulky mass in mediastinum 17 (45.9)
Elevated LDH 20 (54.1)
Elevated β2 microglobulin 8 (21.6)
Treatment regimen 
    Hyper-CVAD/MA 17 (45.9)
    BFM-90 20 (54.1)
CNS, central nervous system; ECOG, Eastern Cooperative  
Oncology Group; Hyper-CVAD/MA, cyclophosphamide, vin-
cristine, doxorubicin, and dexamethasone alternating with high-
dose methotrexate and cytarabine; IPI, International Prognostic 
Index; LDH, lactate dehydrogenase.
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Results

1. Patient characteristics 
Thirty-seven treatment naïve T-LBL patients who under-

went baseline PET-CT scans were included in this study. 
Among these patients, 29 patients (78.4%) were male, and 
the median age was 22 years old, with a range of 12-75 years. 
Furthermore, among these patients, 32 patients were in 
stage Ⅲ-Ⅳ, 12 patients (32.4%) had bone marrow involve-
ment verified by bone marrow biopsy, and 17 patients had a  
mediastinum bulky mass > 7.5 cm in diameter. In addition, 17 
patients (45.9%) were given cyclophosphamide, vincristine, 
doxorubicin, and dexamethasone (Hyper-CVAD) alternating 
with high-dose methotrexate and cytarabine (MA) chemo-
therapy, while the remaining 20 patients received a modified 
BFM-90 regimen [3], an adapted pediatric-like acute lympho-
blastic leukemia protocol. Moreover, 10 patients underwent 
hematopoietic stem cell transplantation after remission, 
which included two autologous and eight allogenic stem cell 
transplantations. The detailed patient characteristics are out-
lined in Table 1. 

The median follow-up time was 26.5 months (range, 7.5 
to 65 months). At the time of the analysis, 26 patients (70%) 
had disease progression, while 17 patients (46%) died from 
T-LBL. A total of six patients (19%) died within the first 6 
months. 

2. PET-CT parameters
The median SUVmax, TMTV, and TLG were 10.80, 

383.00 cm3, and 1,644.20, respectively, with ranges of 3.70-
29.70, 55.10-2,053.80 cm3, and 115.80-18,132.40, respectively. 
The area under the ROC curve was 0.591 (p=0.388), 0.818 
(p=0.002), and 0.769 (p=0.011) for SUVmax, TMTV, and TLG, 
respectively (Fig. 1). The ROC curves were used to deter-
mine the optimal cutoff value for each parameter based on 
PFS and OS analysis. A cutoff of 12.70 (sensitivity, 46.20%; 
specificity, 72.70%), 302 cm3 (sensitivity, 88.50%; specificity, 
72.70%) and 890 (sensitivity, 84.60%; specificity, 63.60%) was 
selected for SUVmax, TMTV, and TLG, respectively.

The presence of ahigh SUVmax (≥ 12.7) was significantly 
associated with a higher IPI and lower hemoglobin, while 
patients with high TMTV and TLG were more likely to have 
more than two sites of extranodal involvement. However, 
these three indicators were not significantly correlated with 
bulky disease. Comparisons of patient characteristics accord-
ing to PET-CT parameters are shown in S1 Table.

3. Clinical and biological parameters
By the end of follow-up, there were 30 evaluable patients. 

Among them, 12 (40%) had achieved complete response, 11 
(36.7%) had achieved partial response, and seven (23.3%)  

experienced disease progression. However, there was no 
difference in the overall response rate between the different 
PET-CT parameter groups. 

The Four-year PFS and OS of the entire cohort were 
23.3% and 32.2%, respectively (S2 Fig.). Patients with a high  
SUVmax had significantly shortened PFS and OS (median 
PFS, 10.5 months vs. 16.0 months; p=0.022; hazard ratio [HR], 
2.54 and median OS, 13.5 months vs. 35.0 months; p=0.004; 
HR, 4.16). At a cutoff value of 302 cm3, 26 patients with a 

Fig. 1.  Receiver operator characteristics analysis of maximum 
standardized uptake value (SUVmax) (A), total metabolic tumor 
volume (TMTV) (B), and total lesion glycolysis (TLG) (C). AUC, 
area under curve.
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Fig. 2.  Kaplan-Meier estimates of progression-free survival (A, C, E, G) and overall survival (B, D, F, H) by maximum standardized uptake 
value (SUVmax) (A, B), total metabolic tumor volume (TMTV) (C, D), total lesion glycolysis (TLG) (E, F), and central nervous system (CNS) 
(G, H) involvement.
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Table 2.  Univariate analysis for prognostic factors of survival

                       Univariate analysis
Characteristic Median 

HR p-value
 Median 

HR p-value
 PFS (mo)   OS (mo)

Age (yr)
    ≥ 40 12.5 1.104 0.841 26.5 1.817 0.421
    < 40 13.0   NR  
Sex   
    Male 12.5 1.545 0.376 26.5 1.913 0.303
    Female 16.0   35.0  
Stage 
    IV 10.5 2.486 0.124 26.5 1.693 0.410
    I-III 20.0   32.0 
IPI score      
    ≥ 3 12.5 1.277 0.541 25.0 1.944 0.190
    < 3 14.0   35.0  
B symptoms      
    Yes 10.0 1.642 0.279 35.0 1.741 0.384
    No 13.0   26.5  
ECOG score      
    ≥ 2  12.5 1.450 0.420 20.0 2.390 0.077
    < 2 14.0   35.0  
BM involvement      
    Yes 14.0 1.318 0.512 35.0 2.113 0.117
    No   9.0   19.0  
CNS involvement      
    Yes   5.0 8.803 < 0.001 11.0 2.073 0.002
    No 15.0   32.0  
Extranodal involvement     
    ≥ 2 sites 10.5 2.036 0.081 20.0 2.803 0.056
    < 2 sites 20.0   35.0  
Bulky mass 
    Yes 12.5 1.153 0.717 25.0 1.662 0.297
    No 14.0   35.0  
β2 microglobulin  
    Elevated 10.5 1.759 0.205 13.5 2.298 0.122
    Normal 14.0   32.0  
LDH  
    Elevated 10.0 1.631 0.217 25.0 1.882 0.227
    Normal 15.0   35.0  
SUVmax 
    ≥ 12.7 10.5 2.539 0.022 13.5 8.772 0.004
    < 12.7 16.0   35.0  
TMTV (cm3) 
    ≥ 302 10.0 5.191 0.003 25.0 4.159 0.012
    < 302 NR   NR  
TLG 
    ≥ 890 10.0 4.528 0.004 25.0 12.238 0.003
    < 890 NR   NR    
(Continued to the next page)



high TMTV experienced significantly worse outcomes, 
with a 3-year PFS and OS of 10.3% and 26.1% vs. 61.4% and 
90.9% for patients with low TMTV (p=0.003 for PFS; HR, 
5.19 and p=0.012 for OS; HR, 8.77). In addition, patients with 
a high TLG also had shortened PFS and OS (3-year PFS, 
7.6% vs. 57.3%; p=0.004; HR, 4.53 and 3-year OS, 31.6% vs. 
90.0%; p=0.003; HR, 12.24) (Fig. 2). When only patients with  
advanced disease were included, the prognostic value of 
SUVmax, TMTV, and TLG remained significant (S3 Fig). 
Meanwhile, central nervous system (CNS) involvement was 
also shown to be closely related to worse clinical outcome 
in the univariable analysis (median PFS, 5.0 months vs. 15.0 
months; p < 0.001; HR, 8.80 and median OS, 11.0 months vs. 
32.0 months; p=0.002; HR, 5.88) (Fig. 2). However, the Ann 
Arbor stage, IPI, presence of B symptoms, bulky disease, 
treatment regimens, and transplantation did not predict sur-
vival (Table 2). 

Interestingly, the TMTV identified patients with earlier 
treatment failure. The 1-year PFS was 81.8% for patients 
with TMTV < 302 cm3 vs. 15.4% for those with a TMTV of  
≥ 302 cm3. Among the 16 patients who progressed within one 

year, 87.5% had a high TMTV, compared with 57.1% of the 
21 patients who remained progression-free for at least 1 year 
(p=0.045).

4. Combining PET-CT parameters with clinical indicators
In the multivariable analysis, a high TMTV (HR, 4.746; 

p=0.015) and CNS involvement (HR, 5.309; p=0.006) were 
identified as independent risk factors for PFS, while a high 
SUVmax (HR, 3.170; p=0.035), high TLG (HR, 9.253; p=0.039) 
and CNS involvement (HR, 5.880; p=0.007) predicted worse 
OS (Table 3). 

Subsequently, we developed a risk model comprising  
SUVmax ≥ 12.7, TMTV ≥ 302 cm3, TLG ≥ 890, and CNS  
involvement, with each indicator ranking 1 score, which 
stratified the cohort into three risk groups: group 1, the low-
risk group (n=11), which included patients with a score of 
0-1; group 2, the mediate-risk group (n=14), which included 
patients with a score of 2; and group 3, the high-risk group 
(n=12), which included patients with a score of 3-4. These 
groups had significantly different median PFS of not reached, 
14 months and 7 months, respectively (group 1 vs. group 2, 

Table 2.  Continued

                       Univariate analysis
Characteristic Median 

HR p-value
 Median 

HR p-value
 PFS (mo)   OS (mo)

Transplantation
    Yes 16.0 0.869 0.750 32.0 0.583 0.343
    No 12.5   25.0  
Treatment regimen      
    Hyper-CVAD/MA   9.5 1.100 0.809 20.0 1.555 0.368
    BFM-90 14.0   35.0  

BM, bone marrow; CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group; Hyper-CVAD/MA, cyclophosphamide, 
vincristine, doxorubicin, and dexamethasone alternating with high-dose methotrexate and cytarabine; HR, hazard ratio; IPI, International 
Prognostic Index; LDH, lactate dehydrogenase; NR, not reached; OS, overall survival; PFS, progression-free survival; SUVmax, standard-
ized uptake value; TLG, total lesion glycolysis; TMTV, total metabolic tumor volume.

Table 3.  Cox regression models of clinical and imaging variables for PFS and OS prediction

                                        Multivariate analysis  

Characteristic                                          PFS                                             OS

 HR p-value HR p-value

SUVmax ≥ 12.7 NA 0.353 3.170 0.035
TMTV ≥ 302 cm3 4.746 0.015 NA 0.469
TLG ≥ 890 NA 0.910 9.253 0.039
CNS involvement 5.309 0.006 5.880 0.007
CNS, central nervous system; HR, hazard ratio; NA, not available; OS, overall survival; PFS, progression-free survival; SUVmax, standard-
ized uptake value; TLG, total lesion glycolysis; TMTV, total metabolic tumor volume. 
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p=0.060; group 1 vs. group 3, p < 0.001; group 2 vs. group 3, 
p=0.026). The median OS for each group were not reached, 
27 months and 13 months, respectively (group 1 vs. group 2, 
p=0.034; group 1 vs. group 3, p=0.001; group 2 vs. group 3, 
p=0.020) (Fig. 3). 

Discussion

The present study revealed that high baseline SUVmax, 
TMTV, and TLG predict a worse outcome in T-LBL. Addi-
tionally, TMTV identifies patients at high risk of early pro-
gression. In combination with CNS involvement, these PET- 
CT parameters stratified T-LBL patients into three risk 
groups with significantly different clinical outcomes. As far 
as we aware, this is the largest cohort involved in the discus-
sion ofthe utility of PET-CT in T-LBL. 

PET-CT has been widely utilized for the staging and  
response evaluation of FDG-avid lymphoma [19-22]. Recen-
tly, the prognostic role of TMTV and TLG in various lym-
phomas has been demonstrated, including HL, DLBCL, FL, 
PTCL, and NKTCL. Furthermore, the combination of base-
line PET-CT parameters with the Deauville score evaluated 
in interim and end-of-treatment PET-CT, the molecule profile, 
and the follicular lymphoma IPI (FLIPI) or PTCL (prognostic 
index for PTCL-U, PIT) score more significantly separated 
patient categories, than PET-CT parameters alone [13,14,23-
28]. However, the utility of PET-CT has not been widely dis-
cussed and remains controversial in T-LBL due to its rarity. 
In the postinduction phase of the German multicenter ALL 
(GMALL) trial, the positron emission tomography (PET) 
results were significantly associated with the response  
obtained after consolidation I [29], while in the GRAALL-Ly-
sa study, the PET results did not predict a long-term survival 
[4]. Another earlier study explored the prognostic role of 

TMTV, TLG, and SUVmax in T-LBL, and revealed that a high 
SUVmax predicted a longer PFS and OS, while TMTV, TLG, 
and the Deauville score were not associated with survival 
[30]. However, there are pitfalls in this study: First, the PET-
CT data were acquired from multicenter studies over a long 
time period with different scanners and protocols, which 
may have affected the stability of SUV and TMTV. Second, all 
patients enrolled in the study received corticosteroids before 
the PET-CT scan, which could influence FDG acquisition. 
Furthermore, the conclusion that a high SUVmax predicted 
a superior outcome could have resulted from the bias of on-
cogenic markers, and multivariate survival analysis was not 
performed. 

TMTV is a measurement of the viable fraction of all tumor 
sites, and is a better predictor of survival than bulky disease. 
Although no correlation wasfound between TMTV or TLG 
and bulky disease, this study revealed that patients with 
high TMTV or TLG were more likely to have more than two 
sites of extranodal involvement. In the univariable survival 
analysis, a high SUVmax, TMTV, and TLG were significantly 
correlated with worse outcome, regardless of the treatment 
regimens and transplantation. More specifically, patients 
with a high TMTV had a 3-year OS of 26.1%, while those with 
a low TMTV had an OS of 90.1%. Furthermore, TMTV was 
further found to be correlated with early progression within 
one year, highlighting its importance in the clinicaltreatment 
of T-LBL. In addition, CNS involvement was found to be  
another independent indicator in the present cohort, regard-
less of whether CNS prophylaxis was routinely administered 
for all patients. 

Pretherapy surrogate markers of tumor burden, including 
Ann Arbor stage, IPI, serum LDH, and tumor bulk, are rou-
tinely employed to stratify patients with lymphoma. How-
ever, these indicators are imperfect, and the IPI appears to 
have lost its prognostic value in T-LBL. In the GRAALL/

Fig. 3.  Progression-free survival (A) and overall survival (B) according to risk group stratification combining maximum standardized 
uptake value, total metabolic tumor volume, total lesion glycolysis, and central nervous system involvement.

Pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

 

Time (mo)

0

0.4

1.0

0.2

0.8

0.6

10 20 30 60 7050400

p < 0.001

Low-risk (n=11)
Mediate-risk (n=14)
High-risk (n=12)

Ov
er

al
l s

ur
vi

va
l 

Time (mo)

0

0.4

1.0

0.2

0.8

0.6

10 20 30 60 7050400

p < 0.001

Low-risk (n=11)
Mediate-risk (n=14)
High-risk (n=12)

A B



Lysa study, NOTCH1/FBXW7 mutation and/or the absence 
of RAS/PTEN mutation/deletion were demonstrated to pre-
dict longer event-free survival and OS [4,31]. In the present 
study, a risk model that combined three PET-CT parameters 
with CNS involvement was generated, and three risk catego-
ries could be distinguished, with the high-risk group hav-
ing a median PFS and OS of seven months and 13 months, 
respectively. Since only 37 patients were enrolled in the pre-
sent cohort, there were still significant differences among 
groups. To the best of our knowledge, our study is the first 
to promote a risk model that combined PET-CT parameters 
with clinical factors to identify patients at high risk of early 
relapse or progression. However, this proposed model must 
be validated in a seperate large and independent cohort to 
confirm its prognostic value. 

In addition to the baseline PET-CT parameters, the Deau-
ville score and reductions in SUVmax, TMTV, and TLG  
acquired in interim PET-CT have also been demonstrated 
to be prognostic for HL, FL, DLBCL, and PTCL [24,26]. In 
the present study, 20 patients underwent PET-CT scans after 
induction therapy, which revealed that no correlation was 
found between the Deauville score or SUVmax reduction 
and survival (data not shown). Given the limited number 
of evaluable patients in present study, a larger population is 
warranted to obtain more solid results. 

Together with the T-LBL in the present study, the impor-
tance of TMTV has also been exhibited in various other 
lymphomas. However, more questions have been raised  
regarding its clinical application: How can the most accu-
rate method or the optimal cutoff of TMTV be defined for 
specific lymphoma subtypes? Is it possible to offer patients 
with a high TMTV more aggressive therapies, while sparing  
patients with low TMTV the adverse effects? Is the same 
drug concertation enough for patients with very different 
TMTV, but with the same body surface area? Is there any bet-
ter combination of indicators, such as the mutation of onco-
genic markers, molecule profile, circulating tumor cells, or 
DNA, that can identify patients at high risk of disease pro-
gression or early death?

Due to the absence of a recognized gold standard for  

assessing these parameters and the different machines and 
software used in different institutions, the determination 
of optimal cutoff values remains to be resolved and will  
require prospective validation. Similar to previous retrospec-
tive studies, our study included a small number of patients 
and was conducted in a single center, therefore the proposed 
model combining PET-CT parameters and CNS involvement 
requires validation in another independent data set.

To date, the present study represents the largest series of 
T-LBL with an analysis of PET-CT functional parameters, 
which revealed that SUVmax, TMTV, and TLG are signifi-
cantly associated with clinical outcome. Combined with 
CNS involvement, these parameters are capable of precisely 
predicting patients at high risk of progression or relapse,  
although the proposed model needs to be validated in other 
studies. 
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Introduction

Burkitt lymphoma (BL) is a rare type of non-Hodgkin lym-
phoma of B cell origin that features highly aggressive biologi-
cal and clinical behavior [1,2]. The molecular hallmark of BL 
is a MYC translocation, which results in an extremely high 
rate of cellular proliferation. BL is highly sensitive to chem-
otherapy and can potentially be cured with high-intensity 
chemotherapy regimens [1,2].

Despite the highly aggressive biological behavior of BL, 
the patterns of disease involvement and clinical course show 
substantial heterogeneity [1-4]. Population-based studies 
have identified several risk factors for a poor outcome among 
patients with BL, such as older age, advanced stage, Afri-
can ancestry, poor performance status (PS), and high levels 
of lactate dehydrogenase (LDH) [5-9]. A recent multicenter 

study reported age, Eastern Cooperative Oncology Group 
(ECOG) PS, LDH, and central nervous system involvement as  
independent prognostic factors for the survival outcomes of  
patients with BL [6]. Based on the known prognostic factors, 
risk-adapted treatment approaches with dose adjustment 
have been proposed to effectively treat high-risk patients 
with dose-intensified regimens while minimizing treatment-
related toxicities in low-risk patients by reducing the chemo-
therapeutic dose intensity [10,11]. In this strategy, the stage 
of the disease, serum LDH levels, ECOG PS, and the pres-
ence of bulky disease are taken into consideration to classify  
patients into low- and high-risk groups. However, the absen-
ce of a validated prognostic scoring system for patients with 
BL warrants further investigation into additional prognostic 
factors and the development of risk-stratifying models for 
these patients.
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Purpose  We aimed to investigate the prognostic value of serum β2-microglobulin for patients with Burkitt lymphoma (BL) and to 
propose a risk-stratifying classification system.     
Materials and Methods  A prospective registry-based cohort study of BL patients treated with dose-intensive or effective dose-
adjusted chemotherapies (n=81) was conducted. Survival outcomes were compared based on previously reported risk groups and/
or serum β2-microglobulin levels. A risk-stratifying classification system incorporating serum β2-microglobulin levels was proposed 
and validated in an independent validation cohort (n=60). 
Results  The median age was 47 years, and 57 patients (70.4%) were male. Patients with high serum β2-microglobulin levels (> 2 
mg/L) had significantly worse progression-free survival (PFS) and overall survival (OS) (p < 0.01 for both). Serum β2-microglobulin 
levels further stratified patients in the low-risk and high-risk groups in terms of PFS (p=0.010 and p=0.044, respectively) and OS 
(p=0.014 and p=0.026, respectively). Multivariate analyses revealed that a high serum β2-microglobulin level (> 2 mg/L) was  
independently associated with a shorter PFS (hazards ratio [HR], 3.56; p=0.047) and OS (HR, 4.66; p=0.043). The new classification 
system incorporating the serum β2-microglobulin level allowed the stratification of patients into three distinct risk subgroups with 
5-year OS rates of 100%, 89.5%, and 62.5%. In an independent cohort of BL, the system was validated by stratifying patients with 
different survival outcomes.     
Conclusion  Serum β2-microglobulin level is an independent prognostic factor for BL patients. The proposed β2-microglobulin–based 
classification system could stratify patients with distinct survival outcomes, which may help define appropriate treatment approaches 
for individual patients.
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β2-microglobulin is a small protein that is an essential part 
of major histocompatibility complex class I molecules, and 
its serum levels can be elevated under various pathologic 
conditions. Elevated serum β2-microglobulin levels have 
been shown to be associated with poor clinical outcomes 
in various types of lymphoma [12-14], suggesting potential 
biological roles in the development and progression of lym-
phomatous disease. In particular, the β2-microglobulin level 
was shown to be a strong prognostic factor in high-grade 
non-Hodgkin lymphoma [15]. However, the prognostic value 
of β2-microglobulin has not been specifically investigated in 
patients with BL.  

In this study, using two independent BL cohorts, we aimed 
to investigate the prognostic value of β2-microglobulin and 
to propose a risk-stratifying classification based on serum β2-
microglobulin levels. 

Materials and Methods
 
1. Study patients and diagnosis of BL

The study patients were identified from a prospective reg-
istry of lymphoma patients at Asan Medical Center (Seoul, 
Korea) (Asan Lymphoma Registry). Between May 2004 and 
March 2020, 103 patients were diagnosed as having BL based 
on both histologic and immunophenotypic findings. After 
excluding patients with no baseline serum β2-microglobulin 
value (n=10) and those who did not receive dose-intensive 
or effective dose-adjusted chemotherapies (n=12), 81 pati-
ents were included as the main study population (training 
cohort). Data such as patient characteristics and survival out-
comes were obtained from the prospectively collected data-
base and electronic medical record system of the institution.

The validation cohort was constructed based on 60 BL  
patients who were treated with intensive chemotherapy 
regimens and had a baseline serum β2-microglobulin value  
recorded at Samsung Medical Center between February 2000 
and December 2019. 

The diagnosis of BL was confirmed by experienced patho-
logists from each institution (C.S.P., J.H., and Y.H.K) based 
on morphological characteristics and immunohistochemi-
cal features, including CD10, CD20, Bcl-6, Bcl-2, and Ki-67  
expression. Chromosomal translocations such as t(8;14), 
t(8;22), and t(2;8), and c-Myc overexpression, were assessed 
based on karyotyping and fluorescence in situ hybridization.

2. Chemotherapy regimens
The dose-intensive or dose-adjusted chemotherapy regi-

mens used were as follows: (1) brief-duration high-intensity 
chemotherapy regimen consisting of one cycle of cyclophos-
phamide and prednisone followed by cycles containing ifos-

famide; high-dose methotrexate, vincristine, dexamethasone, 
and either doxorubicin or etoposide/cytarabine; or intrathe-
cal triple therapy (B-NHL) [16]; (2) hyper-fractionated cyclo-
phosphamide, vincristine, doxorubicin, and dexamethasone 
with rituximab (R-HyperCVAD) [17] or without rituximab 
(HyperCVAD); (3) dose-adjusted infusional etoposide, doxo-
rubicin, and vincristine with prednisone, cyclophosphamide, 
and rituximab (DA-EPOCH-R) [18]; (4) cyclophosphamide, 
vincristine, prednisone, doxorubicin and high-dose metho-
trexate (COPADM); and (5) the LMB protocol where CO-
PADM is delivered in the induction phase, and the consoli-
dation phase is maintained with high-dose methotrexate and 
cytarabine [19]. 

3. Serum β2-microglobulin levels
Serum β2-microglobulin values were obtained as part of 

regular clinical practice for lymphoma staging work-up. 
Serum β2-microglobulin was measured using a radioimmu-
noassay kit (Immunotech, Inc., Prague, Czech Republic). The 
kit manufacturer defined the upper normal limit of serum 
β2-microglobulin as 2.5 mg/L.   

4. Classification of risk groups
The low-risk group was defined as patients having stage 

I/II disease, normal LDH levels, ECOG PS of ≤ 1, and non-
bulky disease (tumor mass with a diameter of < 7 cm) [11], 
whereas the high-risk group was defined as patients who did 
not meet the low-risk group criteria [10,11].

5. Statistical analysis
Statistical analyses were performed using R software ver. 

3.4.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria). Progression-free survival (PFS) was defined as the time 
interval from the time of initial diagnosis (index date) to the 
date of disease progression [20] or death. Overall survival 
(OS) was defined as the time interval between the index date 
and the date of death from any cause. The Kaplan-Meier 
method was used to estimate survival outcomes, and the 
log-rank test was used to compare these survival outcomes 
among the subgroups. The maximal chi-square method 
was used to determine the optimal cut-off value of serum 
β2-microglobulin that best segregated the PFS outcomes. 
Univariate and multivariate analyses of PFS and OS were 
performed using Cox proportional hazards models. The exa- 
mined variables included serum β2-microglobulin levels, 
age, sex, and previously known prognostic factors for BL, 
such as age, sex, stage, serum LDH levels, presence of bulky 
disease, and ECOG PS. In multivariate analyses, variables 
with a potential relationship (p < 0.05) in the univariate 
analyses were included. A p-value of < 0.05 was considered 
statistically significant. 
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Results

1. Patient characteristics 
The baseline characteristics of 81 study patients with 

BL in the training cohort are summarized in Table 1. Their  
median age was 47 years (range, 16 to 82 years), and 57  
patients (70.4%) were male. There were nine (11.1%), 56 
(61.5%), 14 (17.3%), and two (2.5%) patients with an ECOG 
PS of 0, 1, 2, and 3 or 4, respectively. In addition, two  
patients (2.5%) were infected with human immunodeficien-
cy virus. Stage IV disease (n=62, 76.5%) was the most preva-
lent, followed by stage I (n=10, 12.3%), stage II (n=8, 9.9%), 
and stage III (n=1, 1.2%). The majority of patients (n=65, 
80.2%) were classified as the high-risk group, and 16 (19.8%) 
patients were classified as the low-risk group. Median serum 
LDH and β2-microglobulin levels were 395 IU/L (range, 139 
to 18,822 IU/L) and 2.3 mg/dL (range, 0.76 to 22.2 mg/dL), 
respectively. All of the study patients received dose-intensive 
or effective dose-adjusted chemotherapies; B-NHL was the 
most frequently used regimen (n=37, 45.7%), followed by  
R-HyperCVAD (n=28, 34.6%) and DA-EPOCH-R (n=16, 

19.8%).   
Patients in the validation cohort had comparable baseline 

characteristics. The chemotherapy regimens used for the  
patients in the validation cohort were as follows: R-HyperC-
VAD (n=29, 48.3%), LMB protocol (n=25, 41.7%), COPADM 
(n=4, 6.7%), and HyperCVAD (n=2, 3.3%). 

2. Clinical characteristics and survival outcomes according 
to the serum β2-microglobulin levels

We first compared the clinical outcomes of the study  
patients according to risk groups. There was no significant 
difference in the treatment regimens between the low-risk 
and high-risk groups (p=0.239) (S1 Table). In comparison 
with the low-risk group, the high-risk group showed a trend 
toward a shorter PFS and OS (p=0.084 and p=0.130, respec-
tively) (Fig. 1A). 

We examined the clinical characteristics and outcomes 
of the subgroups of BL patients according to their serum 
β2-microglobulin levels (Table 2). In this regard, we adopt-
ed a hot-spot cut-off value of 2 mg/L that best segregated 
the PFS outcomes. Patients with higher levels of serum β2-
microglobulin (the high-B2MG group) were significantly 
older than those with lower levels (the low-B2MG group) 
(median age, 53 vs. 38.5 years; p=0.014). The proportion of 
patients with bulky disease was comparable between the 
two groups. However, the high-B2MG group had signifi-
cantly more patients with elevated serum LDH (82.0% vs. 
45.2%, p=0.001) and stage III/IV disease (92.0% vs. 51.6%,  
p < 0.001) (Table 2). 

A comparison of the survival outcomes of the entire  
cohort revealed the significantly shorter PFS and OS of the 
high-B2MG group (p=0.002 and p=0.001, respectively) com-
pared with the low-B2MG group (Fig. 1B). When the study 
patients were further classified based on their different  
β2-microglobulin levels (i.e., β2-microglobulin ≤ 2.0 mg/L; 2.0 
mg/L < β2-microglobulin ≤ 2.5 mg/L; and β2-microglobulin 
> 2.5 mg/L), patients with a β2-microglobulin level of > 2.0 
mg/L but ≤ 2.5 mg/L had a PFS and OS that were compara-
ble to those with a β2-microglobulin level of > 2.5 mg/L, but 
inferior to those with a β2-microglobulin level of < 2.0 mg/L 
(S2 Fig.).

3. Survival outcomes of patients in the low- and high-risk 
groups according to their serum β2-microglobulin levels

In the low-risk group, 12 patients (75.0%) had low serum 
β2-microglobulin levels (≤ 2 mg/L), whereas four patients 
(25.0%) had high serum β2-microglobulin levels (> 2 mg/L). 
In the high-risk group, 46 patients (70.8%) had low serum 
β2-microglobulin levels, whereas 19 patients (29.2%) had 
high serum β2-microglobulin levels. In the low-risk group, 
patients with β2-microglobulin levels of > 2 mg/L had sig-

Table 1.  Clinical characteristics of the patients

Variable
 Training Validation

 cohort (n=81) cohort (n=60)

Age (yr) 47 (16-82) 52.5 (18-84)
Age > 65 yr 13 (16.0) 10 (16.7)
Male sex 57 (70.4) 42 (70)
ECOG PS  
    0 9 (11.1) 10 (16.7)
    1 56 (61.5) 31 (51.7)
    2 14 (17.3) 19 (31.6)
    3/4 2 (2.5) 0 (
HIV infection 2 (2.5) 2 (3.6)a)

Stage   
    I 10 (12.3) 6 (10.0)
    II 8 (9.9) 9 (15.0)
    III 1 (1.2) 5 (8.3)
    IV 62 (76.5) 40 (66.7)
Bulky disease 7 (8.6) 1 (1.7)
Risk group  
    Low 16 (19.8) 9 (15.0)
    High 65 (80.2) 51 (85.0)
LDH > UNL 55 (67.9)  45 (75.0)
β2-microglobulin (mg/dL) 2.3 (0.76-22.2) 2.7 (1.11-22.5)
Values are presented as median (range) or number (%). ECOG, 
Eastern Cooperative Oncology Group; HIV, human immuno-
deficiency virus; LDH, lactate dehydrogenase; PS, performance 
status; UNL, upper normal limit. a)Data of 56 patients were avail-
able.



Table 2.  Clinical characteristics according to serum B2MG levels

Variable Low-B2MG group (n=31) High-B2MG group (n=50) p-value

Age (yr)  38.5 (28.5-47.5) 53.0 (30.0-64.0) 0.014 
Male sex 20 (64.5) 37 (74.0) 0.510 
Bulky disease       2 (6.5) 5 (10.0) 0.844
Risk group       0.002
    Low    12 (38.7) 4 (8.0) 
    High      19 (61.3) 46 (92.0) 
LDH > UNL       14 (45.2) 41 (82.0) 0.001
ECOG PS ≥ 2                1 (3.2) 15 (30.0) 0.008
Stage III/IV 16 (51.6) 46 (92.0) < 0.001

Values are presented as median (interquartile range) or number (%). B2MG, β2-microglobulin; ECOG, Eastern Cooperative Oncology 
Group; LDH, lactate dehydrogenase; PS, performance status; UNL, upper normal limit. 

Fig. 1.  Survival outcomes according to risk groups and serum β2-microglobulin (B2M) levels: progression-free survival and overall survival  
according to risk groups (A) and serum B2M levels (B). 
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Fig. 2.  Survival outcomes of patients with different serum β2-microglobulin (B2M) levels in different risk groups. Progression-free survival 
and overall survival according to the serum B2M levels in the low-risk group (A) and high-risk group (B). (C) Survival outcomes were 
compared between low-risk group patients with serum B2M levels of > 2.0 mg/L and high-risk group patients. 
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nificantly shorter PFS and OS (Fig. 2A) (p=0.010 and p=0.001, 
respectively). Notably, neither disease progression nor death 
events were observed in the low-risk group among patients 
with low serum β2-microglobulin levels (≤ 2 mg/L). Simi-
larly, in the high-risk group, high serum β2-microglobulin 
levels (> 2 mg/L) were associated with a significantly short-
er PFS and OS (Fig. 2B) (p=0.044 and p=0.026, respectively). 
When we compared survival outcomes between low-risk 
patients with elevated serum β2-microglobulin and high-risk 
patients, there was no significant difference in PFS and OS 
(p=0.730 and p=0.530, respectively) (Fig. 2C). PFS and OS 
were also comparable among patients who received different 
chemotherapy regimens (p=0.760 and p=0.940, respectively). 

4. Multivariate analyses for PFS and OS 
We performed Cox regression analyses for PFS and OS 

(Table 3). Multivariate analyses revealed that a serum β2-
microglobulin level of > 2 mg/L was independently associ-
ated with a shorter PFS (hazard ratio [HR], 3.56; 95% confi-
dence interval [CI], 1.02 to 12.45; p=0.047) and OS (HR, 4.66; 
95% CI, 1.04 to 20.85; p=0.043). Older age (> 65 years) was 
marginally associated with a shorter PFS (HR, 2.43; 95% CI, 
0.98 to 6.01; p=0.055), whereas poor PS (ECOG PS ≥ 2) was 
an independent negative prognostic factor for PFS (HR, 4.35; 
95% CI, 1.89 to 10.02; p < 0.001). Both older age (> 65 years) 
and poor PS (ECOG PS ≥ 2) were independently associated 
with a shorter OS (HR, 3.02; 95% CI, 1.17 to 7.79; p=0.021 and 
HR, 4.50; 95% CI, 1.84 to 10.99; p < 0.001, respectively). 

5. Proposal of a novel risk stratification classification incor-
porating serum β2-microglobulin  

Considering the ability of serum β2-microglobulin levels to 
stratify BL patients with distinct clinical outcomes, we pro-
posed a new risk stratification classification system with dis-
tinct survival outcomes (Fig. 3A): (1) a low-risk group with 

serum β2-microglobulin levels of ≤ 2 mg/L with 5-year PFS 
and OS rates of 100% (95% CI, 100 to 100) and 100% (95% 
CI, 100 to 100), respectively (minimal risk subgroup); (2) a 
high-risk group with serum β2-microglobulin levels of ≤ 2 
mg/L with 5-year PFS and OS rates of 83.1% (95% CI, 67.2 to 
100) and 89.5% (95% CI, 76.7 to 100), respectively (the inter-
mediate risk subgroup), and (3) any-risk group with serum 
β2-microglobulin levels of > 2 mg/L with 5-year PFS and OS 
rates of 59.0% (95% CI, 46.6 to 74.7) and 62.5% (95% CI, 50 to 
78.2), respectively (the highest risk subgroup). Patients in the 
three new risk subgroups showed statistically different PFS 
and OS (p < 0.01 for both).

To validate the generalizability of our classification sys-
tem, we used it for patients in the validation cohort (Fig. 
3B). Similarly, the system was able to stratify patients with 
different PFS and OS (p=0.036 and p=0.026, respectively). 
Patients in the minimal, intermediate, and highest risk sub-
groups showed 5-year PFS rates of 100% (95% CI, 100 to 100), 
85.1% (95% CI, 68.3 to 100), and 48.7% (95% CI, 35.1 to 67.5),  
respectively. The 5-year OS rates for the minimal, intermedi-
ate, and highest risk subgroups were 100% (95% CI, 100 to 
100), 92.9% (95% CI, 80.3 to 100), and 53.9% (95% CI, 40.2 to 
72.3), respectively. 

Discussion

In the current study, we investigated the clinical value 
of serum β2-microglobulin for the risk stratification of BL  
patients. To the best of our knowledge, this study is the first 
to highlight the level of serum β2-microglobulin as a robust 
prognosticator for patients with BL. Our β2-microglobulin-
based stratification of risk subgroups raises an important 
question regarding the application of dose adjustment of 
chemotherapy for patients with BL. The clinical value of this 

Table 3.  Factors associated with progression-free survival and overall survival 

                                                                  Progression-free survival                  Overall survival

Variable                     Univariate                            Multivariate                     Univariate                    Multivariate 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

B2MG > 2 mg/dL 5.65 (1.69-18.90) 0.005 3.56 (1.02-12.45) 0.047 7.66 (1.79-32.82) 0.006 4.66 (1.04-20.85) 0.043
Age > 65 yr 2.68 (1.11-6.45) < 0.001 2.43 (0.98-6.01) 0.055 3.33 (1.34-8.26) 0.010 3.02 (1.17-7.79) 0.021
Male sex 0.91 (0.39-2.12) 0.833 - - 0.77 (0.32-1.83) 0.548 - -
Stage III/IV 4.50 (10.06-19.11) 0.042 - - 3.80 (0.89-16.27) 0.072 - -
LDH > UNL 2.33 (0.87-6.20) 0.092 - - 2.64 (0.89-7.81) 0.080 - -
Bulky disease 0.95 (0.22-4.03) 0.095  - - 1.10 (0.26-4.72) 0.896 - -
ECOG PS ≥ 2 5.64 (2.54-12.53) < 0.001 4.35 (1.89-10.02) < 0.001 5.90 (2.52-13.82) < 0.001 4.50 (1.84-10.99) < 0.001
B2MG, β2-microglobulin; CI, confidence interval; ECOG, East ern Cooperative Oncology Group; HR, hazards ratio; LDH, lactate dehydro-
genase; PS, performance status; UNL, upper normal limit. 
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study is considerably improved by the validation of our risk-
stratifying system in an independent cohort. 

The prognostic value of serum β2-microglobulin has been 
widely investigated in various types of lymphoprolifera-
tive disorders such as extranodal natural killer/T cell lym-
phoma [13], non-gastric mucosa-associated lymphoid tissue 
lymphoma [14], follicular lymphoma [21], diffuse large B 

cell lymphoma [22], Hodgkin lymphoma [23], and multiple 
myeloma [24]. Owing to its robustness as a prognosticator, 
serum β2-microglobulin has been incorporated into the prog-
nostic staging system for multiple myeloma and follicular 
lymphoma [21,24]. In agreement with these findings, serum 
β2-microglobulin was found to be an independent prognos-
ticator in our BL cohort. 

Fig. 3.  Survival outcomes in subgroups determined by a novel serum β2-microglobulin (B2M)–based risk stratification system. Progres-
sion-free survival and overall survival of low-risk group patients with serum B2M levels of ≤ 2 mg/L, high-risk group patients with serum 
B2M levels of ≤ 2 mg/L, and any-risk group patients with serum B2M levels of > 2 mg/L in the training cohort (A) and validation cohort 
(B).
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The exact mechanism linking β2-microglobulin to the poor 
clinical outcomes of patients with various lymphoprolif-
erative diseases remains poorly understood. In our analy-
ses, high serum β2-microglobulin levels were associated 
with a more advanced disease status and reflected a higher  
tumor burden represented by elevated serum LDH. This is 
consistent with the findings of previous studies showing 
an association between elevated serum β2-microglobulin 
levels and a higher tumor burden [13,25]. Notably, the cut-
off value of β2-microglobulin was 2.0 mg/L (identified 
as the best prognostic segregator in the training cohort), 
which was lower than the upper normal limit of serum β2-
microglobulin (2.5 mg/L). This suggests that only a slight 
increase in the β2-microglobulin value may reflect the  
aggressive biological and clinical features of BL. Indeed,  
patients with a β2-microglobulin level of > 2.0 mg/L but ≤ 2.5 
mg/L showed survival outcomes comparable to those with 
a β2-microglobulin level of > 2.5 mg/L, but inferior to those 
with a β2-microglobulin level of < 2.0 mg/L. These results 
suggest that adopting a β2-microglobulin cut-off of 2.0 mg/L 
would be more reasonable in terms of stratifying BL patients 
with distinct survival outcomes. Unlike LDH, for which 
the upper normal limit varies widely due to different assay 
methods yielding different results, the quantification of β2-
microglobulin levels is generally considered standardized. 
Indeed, the International Staging System for the staging of 
multiple myeloma adopts β2-microglobulin levels as a con-
tinuous variable [24] with cut-off values of 3.5 mg/L and 5.5 
mg/L, rather than the upper normal limit (2.5 mg/L). Nev-
ertheless, our cut-off value of 2 mg/L will need to be further 
validated in cohorts from other institutions employing dif-
ferent β2-microglobulin assay methods.

Importantly, our study demonstrated the ability of serum 
β2-microglobulin levels to further stratify the clinical out-
comes of patients in addition to known risk stratification 
criteria that were originally developed for selecting different 
chemotherapeutic dose intensities [11,26]. The risk-stratifying 
criteria were proposed based on the International Prognostic 
Index and the presence of bulky disease [26]. Subsequently, 
a recent phase 2 study of risk-adapted DA-EPOCH-R adopt-
ed this classification system for patient stratification and  
allocation to different chemotherapeutic intensities [11].  
Although each factor comprising this risk-stratifying crite-
rion was shown to be prognostic in patients with BL [5-9], 
to our knowledge, the validity of the previously suggested 
system has not been thoroughly confirmed as a robust prog-
nostic index for BL patients. Since the chemotherapy regi-
mens were not significantly different between the different 
risk groups based on the previously suggested criteria, no 
definite difference in our study in the survival outcomes 
of patient subgroups based on these criteria indicates that 

they have room for improvement. Our results suggest that  
additional incorporation of the β2-microglobulin level may 
be one of the feasible options to improve the risk stratifica-
tion of BL patients. 

Our results showed that patients in the low-risk group 
with elevated serum β2-microglobulin levels exhibited clini-
cal outcomes comparable to those of patients in the high-
risk group, suggesting that extreme caution should be taken 
when treating these patients. Therefore, additional studies 
are required to confirm whether serum β2-microglobulin lev-
els are elevated in low-risk group patients with poor clini-
cal outcomes in other BL cohorts. This is important given 
that a fair proportion (25%) of patients in our study in the 
low-risk group had elevated serum β2-microglobulin lev-
els. On the other hand, serum β2-microglobulin was able to 
significantly stratify patients in the high-risk group in terms 
of PFS and OS. This suggests that high-risk group patients 
with low serum β2-microglobulin levels may be treated with 
less intense chemotherapeutic regimens, which may lead to 
reduced acute treatment-related morbidities such as severe 
myelosuppression or long-term sequelae such as cognitive 
dysfunction, secondary malignancy, and disabling neuropa-
thy [27,28]. 

Considering the strong prognostic impact of serum β2-
microglobulin levels, we proposed a new classification 
system that could stratify patients into three distinct risk 
subgroups with 5-year OS rates of 100%, 89.5%, and 62.5%. 
Importantly, the risk-stratifying ability of our system was 
well validated in an independent cohort, with 5-year OS 
rates of 100%, 92.9%, and 53.9% for the risk subgroups. Our 
newly proposed risk-stratifying system should be further  
investigated in the context of risk-adapted therapy with dose  
adjustment. The optimization of therapeutic strategies, inclu-
ding the chemotherapeutic regimen and dose intensity for the 
re-classified patients (i.e., the low-risk group with elevated 
serum β2-microglobulin levels and the high-risk group with 
low serum β2-microglobulin levels) is a topic of particular 
interest. From a practical point of view, the level of serum β2-
microglobulin is easily determined with excellent reproduc-
ibility, and our results suggest that serum β2-microglobulin 
level measurements in daily practice may guide treatment 
decisions and the prediction of clinical outcomes. However, 
the retrospective nature of our study and the relatively small 
number of patients, may limit the interpretation and gener-
alizability of our data.

In conclusion, the serum β2-microglobulin level is an  
independent prognostic factor, which allows for further risk 
stratification of BL patients. This risk-stratifying classifica-
tion system incorporating the serum β2-microglobulin level 
may be useful in stratifying BL patients with distinct survival 
outcomes. This classification system warrants further inves-
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tigation in future studies dealing with the issue of applying 
risk-adapted treatment approaches with dose adjustment. 
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Introduction

The worldwide incidence of thyroid cancer has continuous-
ly increased in recent decades [1]. Thyroid cancer is the most 
common cancer in Korea [2], and its incidence rate is among 
the highest worldwide and has been increasing rapidly over 
the past decade [3]. This phenomenon of a thyroid cancer epi-
demic in Korea is mainly attributed to increased detection by 
thyroid ultrasonography screening and the easy accessibility 
of screening programmes [4]. 

In addition to the increased detection of thyroid cancer cas-
es, multiple environmental factors may explain the increase 
in thyroid cancer incidence, such as lack of physical activity, 
oversupply of dietary iodine, and obesity [5-7]. The epide-
miology of thyroid cancer is also affected by environmental 
variations, such as geographical area, ethnicity, and exposure 
to radiation [8]. 

In recent years, genetic factors that may play important 
roles in the molecular mechanisms underlying thyroid car-
cinogenesis have been investigated. Genome-wide associa-
tion studies (GWASs) have reported loci in FOXE1, NKX2-1, 
DIRC3, and NRG1 [9,10] that may be related to susceptibil-
ity to thyroid cancer. The results of target sequencing studies  
indicate that certain genes, such as FAS, TP53, and XRCC1, 
may be associated with thyroid cancer risk [11]. Collectively, 
these findings suggest that the genetic variants of multiple 
genes should be investigated to identify candidates for sus-
ceptibility to thyroid cancer.

Several studies have suggested a strong link between obe-
sity and the risk of thyroid cancer [12,13]. The fat mass and 
obesity-associated (FTO) gene, which is located on chromo-
some 16, is closely associated with obesity. Several GWASs 
have provided evidence that FTO is associated with body 
size, composition, adiposity, and metabolic disorders. Because 
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FTO is associated with obesity and obesity is associated with 
thyroid cancer, a comprehensive investigation of the genetic-
environmental interactions between FTO and obesity may 
provide important insights into the role of obesity in thyroid 
carcinogenesis and the variability of thyroid cancer trends in 
different environmental settings. Therefore, this study exam-
ined the independent association between Body mass index 
(BMI) and single nucleotide polymorphisms (SNPs) in FTO 
and thyroid cancer risk and their combined effect on modify-
ing the risk of thyroid cancer.  

Materials and Methods
 
1. Study selection and data collection

All eligible cases and controls were selected from the Can-
cer Screenee Cohort, which is a large hospital-based popula-
tion of 41,109 subjects screened in National Cancer Center, 
Korea from August 2002 to July 2014. All the patients were 
asked to complete a self-administered questionnaire about 
their demographic characteristics and lifestyle factors.

The height and weight of each subject were measured  
using an Inbody 3.0 (Biospace, Seoul, Korea) body compo-
sition analyzer or an X-SCAN PLUS II Body Composition 
Analyzer (Jawon Medical, Gyeongsan, Korea). BMI was cal-
culated as follows: weight (kg)/(height [m])2. The BMI val-
ues were stratified into three groups according to the Asian 
BMI Classification Index of the World Health Organization: 

normal (< 23 kg/m2), overweight (23-24.9 kg/m2), and obese 
(≥ 25 kg/m2 ) [14].  

2. Case and control selection
Thyroid cancer cases were identified according to the  

International Classification of Diseases for Oncology (ICD-
10). Patients with an ICD-10 Code of C73 were identified as 
thyroid cancer cases. The classification data were obtained 
from the 2013 Korea Central Cancer Registry database, which 
provides information on cancer incidence according to case 
classifications in Korea. Thyroid cancer cases were not ana-
lyzed in subgroups according to histological types because 
most cases (97%) were papillary thyroid cancer (PTC) (data 
not shown).

Among the 41,109 subjects in the Cancer Screenee Cohort, 
1,104 thyroid cancer cases were eligible for enrollment. A  
total of 705 subjects were enrolled after the subjects who were 
missing questionnaires (n=28), blood samples (n=317), and 
genetic information (n=54) were excluded (Fig. 1). Control 
patients who were not diagnosed with any cancer, including 
thyroid cancer, were selected from the same cohort. Among 
the 37,236 potential controls, participants with missing 
questionnaires, missing blood samples, a history of thyroid-
related disease, surgery, medicine usage, and a diagnosis of 
any type of cancer were excluded from the study. Controls 
were selected by 1:1 case matching for sex and age. The final 
analysis included 705 thyroid cancer cases and 705 controls. 

Fig. 1.  Flowchart of selecting study subjects. ICD-10, International Classification of Diseases, 10th revision.

Total subjects in the Cancer Screenee Cohort of the National Cancer Center Korea
from August 2002 to July 2014 (n=41,109) 

Subjects who already had any types of
cancer cases were excluded

Total subjects with potential controls
(n=37,236)

Total subjects with potential thyroid cancer
(n=1,104)

Potential cases diagnosed with thyroid cancer
(ICD-10 code C73) were linked to the Korea

Central Registry database until 2013

1:1 individual matching to cases by sex and age
cases with thyroid cancer (n=705)

Matched controls (n=705)

Cases were excluded (n=399) 
- Missing questionnaire (n=28)
- Missing blood sample (n=317)
- Missing genetic information (n=54)

Controls were excluded (n=14,951) 
- Missing questionnaire (n=1,517)
- Missing blood sample (n=11,426)
- Thyroid disease (n=1,773)
- Thyroid surgery (n=112)
- Thyroid-related medicine (n=123)
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Table 1.  Distributions of demographic and risk factors of study population

  All   Male   Female  
Variable Control Case 

p-valuea)
 Control Case 

p-valuea) Control Case 
p-valuea)

 (n=705) (n=705)  (n=214) (n=214)  (n=491) (n=491)

Age (yr) 48.7±8.4 48.7±8.4 > 0.99 47.8±8.0 47.8±8.0 > 0.99 49.1±8.5 49.1±8.5 > 0.99
Age group (yr)         
    ≤ 39 94 (13.3) 94 (13.3) > 0.99 33 (15.4) 33 (15.4) > 0.99 61 (12.4) 61 (12.4) > 0.99
    40-49 292 (41.4) 292 (41.4)  91 (42.5) 91 (42.5)  201 (40.9) 201 (40.9) 
    50-59 241 (34.2) 241 (34.2)  74 (34.6) 74 (34.6)  167 (34.0) 167 (34.0) 
    ≥ 60 78 (11.1) 78 (11.1)  16 (7.5) 16 (7.5)  62 (12.6) 62 (12.6) 
Sex         
    Male 214 (30.4) 214 (30.4) > 0.99      
    Female 491 (69.6) 491 (69.6)       
Family history of 
  thyroid cancer        
    No 676 (95.9) 646 (91.6) < 0.001 207 (96.7) 197 (92.1) 0.05 469 (95.5) 449 (91.4) 0.01
    Yes 15 (2.1) 43 (6.1)  2 (0.9) 10 (4.7)  13 (2.6) 33 (6.7) 
    Missing 14 (2.0) 16 (2.3)  5 (2.3) 7 (3.3)  9 (1.8) 9 (1.8) 
Marital status         
    Married 606 (86.0) 596 (84.5) 0.65 189 (88.3) 190 (88.8) 0.89 417 (84.9) 406 (82.7) 0.62
    Others 74 (10.5) 85 (12.1)  14 (6.5) 15 (7.0)  60 (12.2) 70 (14.3) 
    Missing 25 (3.5) 24 (3.4)  11 (5.1) 9 (4.2)  14 (2.9) 15 (3.1) 
Educational level         
    Middle school or less 92 (13.0) 105 (14.9) 0.21 16 (7.5) 21 (9.8) 0.43 76 (15.5) 84 (17.1) 0.25
    High school 241 (34.2) 205 (29.1)  53 (24.8) 44 (20.6)  188 (38.3) 161 (32.8) 
    College or more 326 (46.2) 344 (48.8)  129 (60.3) 138 (64.5)  197 (40.1) 206 (42.0) 
    Missing 46 (6.5) 51 (7.2)  16 (7.5) 11 (5.1)  30 (6.1) 40 (8.1) 
Occupation         
    Professions, office workers, 463 (65.7) 496 (70.4) 0.12 111 (51.9) 119 (55.6) 0.49 352 (71.7) 377 (76.8) 0.18
      housewives  
    Sales, service 134 (19.0) 101 (14.3)  53 (24.8) 41 (19.2)  81 (16.5) 60 (12.2) 
    Agriculture, laborer,  72 (10.2) 71 (10.1)  37 (17.3) 43 (20.1)  35 (7.1) 28 (5.7)
      unemployed, others  
    Missing 36 (5.1) 37 (5.2)  13 (6.1) 11 (5.1)  23 (4.7) 26 (5.3) 
Incomeb) (US $/mo)         
    < $1,667 97 (13.8) 80 (11.3) 0.34 22 (10.3) 11 (5.1) 0.05 75 (15.3) 69 (14.1) 0.43
    $1,667-$3,333 177 (25.1) 196 (27.8)  46 (21.5) 64 (29.9)  131 (26.7) 132 (26.9) 
    > $3,333 317 (45.0) 304 (43.1)  113 (52.8) 114 (53.3)  204 (41.5) 190 (38.7) 
    Missing 114 (16.2) 125 (17.7)  33 (15.4) 25 (11.7)  81 (16.5) 100 (20.4) 
Smoking status         
    Never 464 (65.8) 496 (70.4) 0.09 36 (16.8) 45 (21.0) 0.40 428 (87.2) 451 (91.9) 0.06
    Ever 220 (31.2) 197 (27.9)  174 (81.3) 167 (78.0)  46 (9.4) 30 (6.1) 
    Missing 21 (3.0) 12 (1.7)  4 (1.9) 2 (0.9)  17 (3.5) 10 (2.0) 
Alcohol consumption         
    Never 301 (42.7) 322 (45.7) 0.53 31 (14.5) 32 (15.0) 0.99 270 (55.0) 290 (59.1) 0.43
    Ever 393 (55.7) 372 (52.8)  180 (84.1) 179 (83.6)  213 (43.4) 193 (39.3) 
    Missing 11 (1.6) 11 (1.6)  3 (1.4) 3 (1.4)  8 (1.6) 8 (1.6) 
Body mass index (kg/m2) 23.5±3.0 24.0±3.1 0.01 24.7±2.9 25.7±2.5 < 0.001 23.0±2.9 23.3±3.0 0.25  
(Continued to the next page)



3. Genetic analysis
Given that several complex mechanisms for the link bet-

ween BMI and thyroid cancer have been proposed, includ-
ing insulin resistance, hyperinsulinemia, and abnormali-
ties in hormone biosynthesis and hormonal pathways, we 
searched for up-to-date potential variants in the FTO gene 
for BMI, diabetes, polycystic ovary syndrome, and thyroid 
functions [7]. The keywords to search PubMed for publica-
tions until October 5, 2020 were used as follows: “(variants 
OR polymorphism OR GWAS OR genome-wide association 
studies) AND (obesity OR body mass index OR diabetes 
OR polycystic ovary syndrome OR hyperandrogenemia OR 
thyroid) AND FTO,” and limited to titles and abstracts. As a 
result, 36 candidate SNPs of the FTO gene were selected for 
genetic analysis: rs8047395, rs9939609, rs8044769, rs8053740, 
rs1421085, rs17817499, rs1121980, rs8050136, rs13405728, 
rs9930506, rs7195539, rs62048379, rs56094641, rs7185735, 
rs3751812, rs11642015, rs62048402, rs62033400, rs9940128, 
rs55872725, rs1558902, rs7202116, rs17817288, rs11642841, 
rs1477196, rs1861867, rs763967273, rs759031579, rs141115189, 
rs9926289, rs76804286, rs8043757, rs1861868, rs9937053, 
rs9930333, and rs12149832.

To determine genetic variations in FTO, study partici-
pants’ DNA was extracted from isolated peripheral blood 
leukocytes obtained from whole-blood samples. Genotyping 
was performed using an Infinium OncoArray-500K Bead-
Chip (Illumina Inc., San Diego, CA) with 499 170 SNPs. After  
applying the quality-control criteria, which included mono-
morphic variants, minor allele frequencies < 0.01, call rates 
< 95%, and deviations from Hardy-Weinberg equilibrium  
(p < 1×10–6), a total of 345,675 SNPs were available for further 
analysis. Among the 345,675 tags that passed the quality-
control criteria, 27 SNPs were selected for further analysis. 
The linkage disequilibrium (LD) and tagging SNPs were  
accessed by using Haploview [15].

4. Statistical analysis
All statistical analyses were performed using R software 

ver. 3.6.0 (R Core Team, R Foundation for Statistical Com-
puting, Vienna, Austria). T tests and chi-square tests were 
performed to compare the distribution of continuous and 
categorical variables in cases and controls, respectively, 
among the total participants and subgroups of males and  
females. The association between FTO variants and BMI was 
examined by conducting a genome association analysis for 
variants in chromosome 16 in the log-additive model. To 
evaluate the association of covariates, BMI, and FTO variants 
with thyroid cancer risk, a conditional logistic regression 
model was used to calculate the odds ratios (ORs) and 95% 
confidence intervals (CIs). The conditional logistic regres-
sion model was adjusted for first-degree family history of 
thyroid cancer, marital status, educational level, occupation, 
monthly income, smoking status, alcohol consumption, and 
BMI group. Additionally, the package ‘SNPassoc’ was used 
to identify variants associated with BMI and perform the 
haplotype analysis of tagging SNPs [16]. The codominant, 
dominant, and recessive models for the association between 
SNPs and thyroid cancer risk were applied to obtain robust 
findings. 

Results

1. Demographic characteristics and their associations with 
thyroid cancer

Table 1 provides the sociodemographic characteristics of 
705 cases and 705 controls from the Korean National Can-
cer Center Screenee Cohort. Because of the 1:1 frequency-
matched design, the age and sex distributions were equal 
for the cases and controls. In the total population, the aver-
age BMI was slightly higher in the cases than in the controls 

Table 1.  Continued

  All   Male   Female  
Variable Control Case 

p-valuea)
 Control Case 

p-valuea) Control Case 
p-valuea)

 (n=705) (n=705)  (n=214) (n=214)  (n=491) (n=491)

Body mass index 
  group (kg/m2)         
    Normal (< 23.0) 325 (46.1) 265 (37.6) 0.01 64 (29.9) 28 (13.1) < 0.001 261 (53.2) 237 (48.3) 0.26
    Overweight (23.0-24.9) 161 (22.8) 184 (26.1)  52 (24.3) 65 (30.4)  109 (22.2) 119 (24.2)
    Obese (≥ 25.0) 214 (30.4) 253 (35.9)  98 (45.8) 120 (56.1)  116 (23.6) 133 (27.1)
    Missing 5 (0.7) 3 (0.4)  0 ( 1 (0.5)  5 (1.0) 2 (0.4)
Values are presented as mean±standard deviation or number (%). a)Data were analyzed using chi-square test (for categorical variables) and 
t test (for continuous variables), b)Income was converted from Korean Won (KRW) to US dollar (US $) with currency rate of 2020 (1,200 
KRW is approximately equal to one US $).
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(p=0.01). In addition, the proportion of individuals with a 
first-degree family history of thyroid cancer was higher in 
the cases than in the controls (p < 0.001). However, differ-
ences between the cases and controls were not observed 
for marital status, educational level, occupation, monthly  
income, alcohol consumption, or smoking status. When clas-
sified by sex, BMI (p < 0.001) was higher in the male cases 
than in the male controls, whereas female cases were more 
likely to have a family history of thyroid cancer than female 

controls (p=0.01).
In the multivariate conditional logistic regression analyses, 

associations were observed between the demographic char-
acteristics and thyroid cancer risk (Table 2). A family history 
of thyroid cancer was associated with an increased risk of 
thyroid cancer in the total population (adjusted OR, 2.97; 
95% CI, 1.60 to 5.55). In contrast, the odds of thyroid cancer in 
sales and service participants were significantly lower than 
those in professions, office workers, and housewives (adjust-

Table 2.  Demographic and risk factors in the association with thyroid cancer risk

Variable
                               All                                  Male                                  Female

 Univariable Multivariablea) Univariable Multivariablea) Univariable Multivariablea)

Family history of 
  thyroid cancer
    No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    Yes 3.00 (1.64-5.49)b) 2.97 (1.60-5.55)b) 9.00 (1.14-71.0)b) 8.76 (1.01-75.9)b) 2.54 (1.34-4.82)b) 2.49 (1.28-4.81)b)

Marital status      
    Married 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    Others 1.16 (0.83-1.63) 1.39 (0.96-2.00) 1.08 (0.49-2.37) 1.20 (0.50-2.88) 1.18 (0.81-1.72) 1.44 (0.95-2.19)
Educational level      
    Middle school or less 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    High school 0.71 (0.51-0.93) 0.73 (0.50-1.06) 0.61 (0.28-1.34) 0.49 (0.19-1.27) 0.73 (0.49-1.10) 0.78 (0.51-1.18)
    College or more 0.86 (0.60-1.23) 0.90 (0.62-1.33) 0.77 (0.37-1.60) 0.58 (0.22-1.49) 0.88 (0.58-1.33) 0.98 (0.63-1.51)
Occupation      
    Professions,  1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
      office workers, 
      housewives
    Sales, service 0.69 (0.51-0.93)b) 0.69 (0.50-0.94)b) 0.76 (0.47-1.24) 0.73 (0.41-1.30) 0.66 (0.45-0.97) 0.68 (0.46-1.02)
    Agriculture, laborer,  0.93 (0.64-1.36) 0.85 (0.57-1.26) 1.14 (0.65-2.00) 1.17 (0.59-2.33) 0.78 (0.46-1.33) 0.70 (0.40-1.21)
      unemployed, others
Incomec) (US $/mo)      
    < $1,667 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    $1,667-$3,333 1.28 (0.86-1.90) 1.51 (1.03-2.23)b) 3.53 (1.41-8.81)b) 3.21 (1.24-8.32)b) 0.95 (0.60-1.49) 1.24 (0.80-1.93)
    > $3,333 1.15 (0.78-1.68) 1.22 (0.83-1.79) 2.45 (1.01-5.94)b) 2.31 (0.90-5.97) 0.97 (0.62-1.50) 1.03 (0.67-1.60)
Smoking status      
    Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    Ever 0.72 (0.51-1.02) 0.75 (0.52-1.07) 0.82 (0.51-1.31) 0.88 (0.51-1.51) 0.63 (0.38-1.05) 0.63 (0.37-1.08)
Alcohol consumption      
    Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    Ever 0.86 (0.68-1.08) 0.90 (0.71-1.15) 0.93 (0.56-1.56) 1.03 (0.57-1.84) 0.84 (0.65-1.09) 0.88 (0.67-1.16)
Body mass index 
  group (kg/m2)     
    Normal (< 23.0) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    Overweight 1.46 (1.10-1.93)b) 1.50 (1.12-2.00)b) 2.68 (1.50-4.78)b) 2.66 (1.42-4.97)b) 1.21 (0.88-1.68) 1.28 (0.91-1.81)
      (23.0-24.9)
    Obese (≥ 25.0) 1.54 (1.18-2.01)b) 1.62 (1.23-2.14)b) 2.62 (1.56-4.38)b) 2.78 (1.57-4.92)b) 1.28 (0.92-1.76) 1.30 (0.93-1.84)
Values are presented as odds ratios and their 95% confidence intervals from a conditional logistic regression model. a)Mutually adjusted 
for family history of thyroid cancer, marital status, educational level, occupation, monthly income, smoking status, alcohol consumption, 
and body mass index group, b)Significant difference, c)Income was converted from Korean Won (KRW) to US dollar (US $) with currency 
rate of 2020 (1,200 KRW is approximately equal to one US $).



ed OR, 0.69; 95% CI, 0.50 to 0.94), whereas the odds in those 
with moderate income were higher than in those with low  
income (adjusted OR, 1.51; 95% CI, 1.03 to 2.23). An associa-
tion was not observed among family history of cancer, mari-
tal status, educational level, monthly income, smoking sta-
tus, and alcohol consumption in the total population. When 
classified by sex, the male population did not show any asso-
ciations between occupation and thyroid cancer (Table 2). 

BMI was associated with an increased risk of thyroid can-
cer in the overweight group (adjusted OR, 1.50; 95% CI, 1.12 
to 2.00) and the obese group (adjusted OR, 1.62; 95% CI, 1.23 
to 2.14) compared with the risk in the normal group. When 
stratified by sex, BMI was also associated with an increased 
risk of thyroid cancer in males in the overweight group  
(adjusted OR, 2.66; 95% CI, 1.42 to 4.97) and the obese group 
(adjusted OR, 2.78; 95% CI, 1.57 to 4.92) when the normal 
group was used as a reference, but the association in the  
females was not significantly different.

2. Genetic characteristics and their associations with body 
mass index and thyroid cancer

Table 3 presents the summary statistics of 27 SNPs inclu-
ded in the analysis. Additionally, there were differences in 
the distribution of genotypes of rs1861868 (p < 0.001) and 
rs8044769 (p=0.04) between total cases and controls, whereas 
unequal distribution was observed for rs8044769 (p=0.02) in 
females only (Table 4).

Table 5 shows the association between single FTO variants 
and thyroid cancer risk in the codominant, dominant, and  
recessive models. Variant rs1861868 was found to be associ-
ated with a decreased risk of thyroid cancer, with adjusted 
ORs (95% CIs) of 0.73 (0.57-0.92) for A/G vs. G/G, 0.48 (0.25-
0.95) for A/A vs. G/G, and 0.70 (0.56-0.89) for A/G-A/A 
vs. G/G. In contrast, variants rs8047395 and rs8044769 were 
found to be associated with an increased risk of thyroid can-
cer, with ORs (95% CIs) of 1.39 (1.02-1.89) and 1.44 (1.05-1.97) 
in the recessive model.

Table 3.  Characteristics of FTO variants included in the analysis

Variant Position
 Minor/Major                           All                               Male                               Female

  allele MAF (%) HWE (p-value) MAF (%) HWE (p-value) MAF (%) HWE (p-value)

rs1861868 53790402 A/G 18.0 0.59 19.3 0.28 17.4 0.91
rs8047395 53798523 G/A 40.1 1.00 41.4 0.92 39.6 0.95
rs9937053 53799507 A/G 16.6 0.21 17.4 0.61 16.3 0.29
rs9930333 53799977 C/A 16.6 0.25 17.3 0.62 16.2 0.29
rs9940128 53800754 A/G 16.6 0.25 17.3 0.62 16.2 0.29
rs1421085 53800954 G/A 13.1 0.56 13.1 1.00 13.1 0.49
rs11642015 53802494 A/G 13.0 0.64 13.1 1.00 12.9 0.57
rs62048402 53803223 A/G 13.0 0.56 13.1 1.00 13.0 0.57
rs1558902 53803574 T/A 13.0 0.56 13.1 1.00 13.0 0.57
rs56094641 53806453 G/A 13.2 0.49 13.4 1.00 13.1 0.49
rs17817288 53807764 A/G 43.2 0.19 44.5 0.33 42.6 0.40
rs1477196 53808258 A/G 31.1 0.66 31.9 0.32 30.8 0.94
rs55872725 53809123 A/G 13.0 0.64 13.1 1.00 12.9 0.57
rs1121980 53809247 A/G 16.6 0.25 17.3 0.62 16.2 0.29
rs8043757 53813450 T/A 12.6 0.81 13.0 1.00 12.4 0.88
rs8050136 53816275 A/C 13.1 0.56 13.2 1.00 13.0 0.57
rs3751812 53818460 A/C 13.2 0.49 13.2 1.00 13.2 0.49
rs9926289 53820503 A/G 13.2 0.49 13.2 1.00 13.2 0.49
rs9939609 53820527 A/T 13.2 0.49 13.2 1.00 13.2 0.49
rs7202116 53821615 G/A 13.2 0.49 13.2 1.00 13.2 0.49
rs7185735 53822651 G/A 13.2 0.49 13.2 1.00 13.2 0.49
rs9930506 53830465 G/A 17.2 0.11 18.2 0.20 16.8 0.36
rs8044769 53839135 A/G 40.0 0.74 40.9 1.00 39.6 0.74
rs12149832 53842908 A/G 13.6 0.07 14.1 0.23 13.4 0.27
rs11642841 53845487 A/C 3.7 0.44 4.0 0.49 3.6 0.36
rs1861867 53848561 A/G 31.2 1.00 32.5 0.66 30.9 0.76
rs7195539 53859158 G/A 8.3 1.00 9.2 0.78 7.9 0.83
FTO, fat mass and obesity-associated; HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency.

Cancer Res Treat. 2021;53(3):857-873

862     CANCER  RESEARCH  AND  TREATMENT



Tung Hoang, BMI, FTO Variant, and Thyroid Cancer

VOLUME 53 NUMBER 3 JULY 2021     863

Table 4.  Distribution of FTO variants in study population

  All   Male   Female  

 Control Case 
p-valuea)

 Control Case 
p-valuea) Control Case 

p-valuea)

 (n=705) (n=705)  (n=214) (n=214)  (n=491) (n=491)

rs1861868
    G/G 438 (62.1) 507 (71.9) < 0.001 128 (59.8) 147 (68.7) 0.12 310 (63.1) 360 (73.3) < 0.001
    A/G 239 (33.9) 184 (26.1)  78 (36.4) 63 (29.4)  161 (32.8) 121 (24.6) 
    A/A 28 (4.0) 14 (2.0)  8 (3.7) 4 (1.9)  20 (4.1) 10 (2.0) 
rs8047395             
    A/A 256 (36.3) 249 (35.3) 0.05 75 (35.0) 73 (34.1) 0.96 181 (36.9) 176 (35.8) 0.02
    G/A 352 (49.9) 326 (46.2)  103 (48.1) 103 (48.1)  249 (50.7) 223 (45.4) 
    G/G 97 (13.8) 130 (18.4)  36 (16.8) 38 (17.8)  61 (12.4) 92 (18.7) 
rs9937053         
    G/G 481 (68.2) 492 (69.8) 0.81 145 (67.8) 145 (67.8) 0.95 336 (68.4) 347 (70.7) 0.75
    A/G 208 (29.5) 197 (27.9)  64 (29.9) 63 (29.4)  144 (29.3) 134 (27.3) 
    A/A 16 (2.3) 16 (2.3)  5 (2.3) 6 (2.8)  11 (2.2) 10 (2.0) 
rs9930333         
    A/A 482 (68.4) 493 (69.9) 0.81 145 (67.8) 146 (68.2) 0.94 337 (68.6) 347 (70.7) 0.78
    C/A 207 (29.4) 196 (27.8)  64 (29.9) 62 (29.0)  143 (29.1) 134 (27.3) 
    C/C 16 (2.3) 16 (2.3)  5 (2.3) 6 (2.8)  11 (2.2) 10 (2.0) 
rs9940128         
    G/G 482 (68.4) 493 (69.9) 0.81 145 (67.8) 146 (68.2) 0.94 337 (68.6) 347 (70.7) 0.78
    A/G 207 (29.4) 196 (27.8)  64 (29.9) 62 (29.0)  143 (29.1) 134 (27.3) 
    A/A 16 (2.3) 16 (2.3)  5 (2.3) 6 (2.8)  11 (2.2) 10 (2.0) 
rs1421085         
    A/A 524 (74.3) 538 (76.3) 0.47 161 (75.2) 162 (75.7) 0.91 363 (73.9) 376 (76.6) 0.47
    G/A 172 (24.4) 155 (22.0)  50 (23.4) 48 (22.4)  122 (24.8) 107 (21.8) 
    G/G 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs11642015         
    G/G 526 (74.6) 539 (76.5) 0.50 161 (75.2) 162 (75.7) 0.91 365 (74.3) 377 (76.8) 0.51
    A/G 170 (24.1) 154 (21.8)  50 (23.4) 48 (22.4)  120 (24.4) 106 (21.6) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs62048402         
    G/G 526 (74.6) 538 (76.3) 0.53 161 (75.2) 162 (75.7) 0.91 365 (74.3) 376 (76.6) 0.55
    A/G 170 (24.1) 155 (22.0)  50 (23.4) 48 (22.4)  120 (24.4) 107 (21.8) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs1558902         
    A/A 526 (74.6) 538 (76.3) 0.53 161 (75.2) 162 (75.7) 0.91 365 (74.3) 376 (76.6) 0.55
    T/A 170 (24.1) 155 (22.0)  50 (23.4) 48 (22.4)  120 (24.4) 107 (21.8) 
    T/T 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs56094641         
    A/A 523 (74.2) 535 (75.9) 0.54 161 (75.2) 159 (74.3) 0.92 362 (73.7) 376 (76.6) 0.44
    G/A 173 (24.5) 158 (22.4)  50 (23.4) 51 (23.8)  123 (25.1) 107 (21.8) 
    G/G 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs17817288         
    G/G 234 (33.2) 233 (33.0) 0.06 67 (31.3) 70 (32.7) 0.78 167 (34.0) 163 (33.2) 0.05
    A/G 350 (49.6) 318 (45.1)  104 (48.6) 97 (45.3)  246 (50.1) 221 (45.0) 
    A/A 121 (17.2) 154 (21.8)  43 (20.1) 47 (22.0)  78 (15.9) 107 (21.8) 
(Continued to the next page)



Table 4.  Continued

  All   Male   Female  

 Control Case 
p-valuea)

 Control Case 
p-valuea) Control Case 

p-valuea)

 (n=705) (n=705)  (n=214) (n=214)  (n=491) (n=491)

rs1477196
    G/G 340 (48.2) 333 (47.2) 0.14 104 (48.6) 99 (46.3) 0.88 236 (48.1) 234 (47.7) 0.08
    A/G 306 (43.4) 291 (41.3)  87 (40.7) 90 (42.1)  219 (44.6) 201 (40.9) 
    A/A 59 (8.4) 81 (11.5)  23 (10.7) 25 (11.7)  36 (7.3) 56 (11.4) 
rs55872725         
    G/G 526 (74.6) 539 (76.5) 0.50 161 (75.2) 162 (75.7) 0.91 365 (74.3) 377 (76.8) 0.51
    A/G 170 (24.1) 154 (21.8)  50 (23.4) 48 (22.4)  120 (24.4) 106 (21.6) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs1121980         
    G/G 482 (68.4) 493 (69.9) 0.81 145 (67.8) 146 (68.2) 0.94 337 (68.6) 347 (70.7) 0.78
    A/G 207 (29.4) 196 (27.8)  64 (29.9) 62 (29.0)  143 (29.1) 134 (27.3) 
    A/A 16 (2.3) 16 (2.3)  5 (2.3) 6 (2.8)  11 (2.2) 10 (2.0) 
rs8043757         
    A/A 534 (75.7) 542 (76.9) 0.65 163 (76.2) 161 (75.2) 0.92 371 (75.6) 381 (77.6) 0.58
    T/A 162 (23.0) 151 (21.4)  48 (22.4) 49 (22.9)  114 (23.2) 102 (20.8) 
    T/T 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs8050136         
    C/C 526 (74.6) 536 (76.0) 0.60 161 (75.2) 161 (75.2) 0.93 365 (74.3) 375 (76.4) 0.59
    A/C 170 (24.1) 157 (22.3)  50 (23.4) 49 (22.9)  120 (24.4) 108 (22.0) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs3751812         
    C/C 525 (74.5) 534 (75.7) 0.63 161 (75.2) 161 (75.2) 0.93 364 (74.1) 373 (76.0) 0.63
    A/C 171 (24.3) 159 (22.6)  50 (23.4) 49 (22.9)  121 (24.6) 110 (22.4) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs9926289         
    G/G 525 (74.5) 534 (75.7) 0.63 161 (75.2) 161 (75.2) 0.93 364 (74.1) 373 (76.0) 0.63
    A/G 171 (24.3) 159 (22.6)  50 (23.4) 49 (22.9)  121 (24.6) 110 (22.4) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs9939609         
    T/T 525 (74.5) 534 (75.7) 0.63 161 (75.2) 161 (75.2) 0.93 364 (74.1) 373 (76.0) 0.63
    A/T 171 (24.3) 159 (22.6)  50 (23.4) 49 (22.9)  121 (24.6) 110 (22.4) 
    A/A 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs7202116         
    A/A 525 (74.5) 534 (75.7) 0.63 161 (75.2) 161 (75.2) 0.93 364 (74.1) 373 (76.0) 0.63
    G/A 171 (24.3) 159 (22.6)  50 (23.4) 49 (22.9)  121 (24.6) 110 (22.4) 
    G/G 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs7185735         
    A/A 525 (74.5) 534 (75.7) 0.63 161 (75.2) 161 (75.2) 0.93 364 (74.1) 373 (76.0) 0.63
    G/A 171 (24.3) 159 (22.6)  50 (23.4) 49 (22.9)  121 (24.6) 110 (22.4) 
    G/G 9 (1.3) 12 (1.7)  3 (1.4) 4 (1.9)  6 (1.2) 8 (1.6) 
rs9930506         
    A/A 471 (66.8) 487 (69.1) 0.66 136 (63.6) 146 (68.2) 0.58 335 (68.2) 341 (69.5) 0.91
    G/A 217 (30.8) 202 (28.7)  73 (34.1) 63 (29.4)  144 (29.3) 139 (28.3) 
    G/G 17 (2.4) 16 (2.3)  5 (2.3) 5 (2.3)  12 (2.4) 11 (2.2) 
(Continued to the next page)
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Genome association analysis revealed that none of the 27 
SNPs included in the study were significantly associated 
with overweight and obesity (p > 0.1) (Fig. 2). Furthermore, 
Fig. 3 shows the LD block structure with the high correlation 
among 27 variants in the FTO gene. Then, Haploview iden-
tified seven tagging SNPs including rs1861868, rs8047395, 
rs56094641, rs1477196, rs9930506, rs11642841, and rs7195539. 
Compared to the haplotype GAAGACA, AAAGACA (adjus-
ted OR, 0.55; 95% CI, 0.36 to 0.84), and GGAAACA (adjusted 
OR, 0.43; 95% CI, 0.25 to 0.72) were found to be associated 
with significantly lower odds of thyroid cancer in the total 
population and female subgroup, respectively (Table 6).

3. Combined effect of body mass index and variants on thy-
roid cancer risk 

The adjusted ORs and 95% CIs for the combined effect of 
BMI and SNP on thyroid cancer are presented in Tables 7-9. 
When using G/G carriers with normal BMI as the reference, 
overweight and obesity were significantly associated with 
thyroid cancer risks in all genotype groups of rs17817288, 
with adjusted ORs (95% CIs) of 1.77 (1.07-2.91), 1.66 (1.06-
2.62), and 2.15 (1.18-3.95) for overweight participants carry-
ing G/G, A/G, and A/A, respectively; and 2.68 (1.65-4.34), 

1.67 (1.08-2.58), and 1.71 (1.01-2.90) for obese participants 
carrying A/A, G/A, and G/G, respectively, in the codomi-
nant model (Table 7). Neither overweight nor obesity was 
associated with thyroid cancer risks in all genotype groups 
of other variants.

In the dominant model, when using G/G-A/G carriers 
with normal BMI as the reference, overweight and obe-
sity were significantly associated with thyroid cancer risks 
in A/G-A/A genotype carriers of rs9937053, rs12149832, 
and rs1861867 (Table 8). The adjusted ORs (95% CIs) for 
rs9937053 were 1.66 (1.04-2.67) and 1.71 (1.13-2.58) for over-
weight participants; and 2.20 (1.39-3.49) and 1.65 (1.12-2.45) 
for obese participants carrying G/G and A/G-A/A, respec-
tively. The adjusted ORs (95% CIs) for rs12149832 were 1.81 
(1.13-2.89) and 1.69 (1.11-2.57) for overweight participants 
and 2.30 (1.45-3.66) and 1.68 (1.13-2.49) for obese participants 
carrying G/G and A/G-A/A, respectively. The adjusted 
ORs (95% CIs) for rs1861867 were 1.40 (1.04-1.90) and 2.69 
(1.06-6.83) for overweight participants and 1.56 (1.17-2.07) 
and 2.09 (1.02-4.27) for obese participants carrying G/G and 
A/G-A/A, respectively. When using A/A carriers with nor-
mal BMI as the reference, overweight and obesity were sig-
nificantly associated with thyroid cancer risks in G/A-G/G 

Table 4.  Continued

  All   Male   Female  

 Control Case 
p-valuea)

 Control Case 
p-valuea) Control Case 

p-valuea)

 (n=705) (n=705)  (n=214) (n=214)  (n=491) (n=491)

rs8044769
    G/G 253 (35.9) 251 (35.6) 0.04 74 (34.6) 75 (35.0) 0.90 179 (36.5) 176 (35.8) 0.02
    A/G 358 (50.8) 326 (46.2)  106 (49.5) 102 (47.7)  252 (51.3) 224 (45.6) 
    A/A 94 (13.3) 128 (18.2)  34 (15.9) 37 (17.3)  60 (12.2) 91 (18.5) 
rs12149832         
    G/G 516 (73.2) 528 (74.9) 0.72 152 (71.0) 160 (74.8) 0.66 364 (74.1) 368 (74.9) 0.93
    A/G 179 (25.4) 169 (24.0)  59 (27.6) 52 (24.3)  120 (24.4) 117 (23.8) 
    A/A 10 (1.4) 8 (1.1)  3 (1.4) 2 (0.9)  7 (1.4) 6 (1.2) 
rs11642841         
    C/C 653 (92.6) 655 (92.9) 0.81 200 (93.5) 195 (91.1) 0.46 453 (92.3) 460 (93.7) 0.68
    A/C 51 (7.2) 48 (6.8)  14 (6.5) 18 (8.4)  37 (7.5) 30 (6.1) 
    A/A 1 (0.1) 2 (0.3)  0 ( 1 (0.5)  1 (0.2) 1 (0.2) 
rs1861867         
    G/G 340 (48.2) 324 (46.0) 0.40 103 (48.1) 94 (43.9) 0.68 237 (48.3) 230 (46.8) 0.36
    A/G 303 (43.0) 305 (43.3)  88 (41.1) 96 (44.9)  215 (43.8) 209 (42.6) 
    A/A 62 (8.8) 76 (10.8)  23 (10.7) 24 (11.2)  39 (7.9) 52 (10.6) 
rs7195539         
    A/A 581 (82.4) 604 (85.7) 0.09 171 (79.9) 182 (85.0) 0.36 410 (83.5) 422 (85.9) 0.06
    G/A 117 (16.6) 99 (14.0)  41 (19.2) 30 (14.0)  76 (15.5) 69 (14.1) 
    G/G 7 (1.0) 2 (0.3)  2 (0.9) 2 (0.9)  5 (1.0) 0 ( 
FTO, fat mass and obesity-associated. a)Data were analyzed using chi-square test (for categorical variables) and t test (for continuous vari-
ables).
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genotype carriers of rs7195539, with ORs (95% CIs) of 1.70 
(1.12-2.57) and 1.64 (1.09-2.47) for overweight participants 
and 1.90 (1.27-2.86) and 1.75 (1.19-2.56) for obese participants 
carrying A/A and G/A-G/G, respectively.

In the recessive model, when using G/G carriers with 
normal BMI as the reference, overweight and obesity were 
significantly associated with thyroid cancer risks in A/A 
genotype carriers of rs17817288 and rs8044769 (Table 9). The 
adjusted ORs (95% CIs) for rs17817288 were 1.64 (1.19-2.25) 
and 2.11 (1.21-3.67) for overweight participants and 1.95 
(1.43-2.67) and 1.66 (1.04-2.65) for obese participants carrying 
G/G-A/G and A/A, respectively. The adjusted ORs (95% 
CIs) for rs8044769 were 1.53 (1.12-2.10) and 2.55 (1.35-4.81) 
for overweight participants and 2.30 (1.45-3.66) and 1.68 
(1.13-2.49) for obese participants carrying G/G-A/G and 
A/A, respectively.

 

Discussion

Our study examined the main effects of BMI and FTO 
in thyroid carcinogenesis and the effect of their combined  
interactions on thyroid cancer susceptibility. Our findings 

suggest that high BMI subclasses are positively associated 
with thyroid cancer risk, which is consistent with the results 
of several epidemiologic studies. In a systemic review of 36 
studies, BMI was positively associated with thyroid cancer 
risk in both male and female populations [17]. In another 
systematic review of 21 articles that included 12,199 thyroid 
cancer cases, the risk of thyroid cancer was increased by 25% 
in overweight individuals and by 55% in obese individuals 
compared with the risk in normal weight individuals [18]. 
The findings were similar in a Korean hospital-based case-
control study, which observed a positive association between 
BMI and thyroid cancer [12]. A multicenter prospective  
cohort study from the Korean Cancer Prevention Study-II 
also reported that an increased risk of thyroid cancer was  
associated with BMI [13]. Our findings support the associa-
tion between BMI and an increased risk of thyroid cancer 
and indicate that the role of obesity-related FTO in thyroid 
cancer risk should be further evaluated.

FTO is an obesity-susceptibility gene that was identified 
in a previous study [19]. In addition, the association was  
observed across populations with diverse ethnicities, and it 
was found to have the largest impact in young adulthood 
[13]. In a study of 38,759 Europeans performed to identify 

Fig. 3.  Genome association analysis for variants related to overweight (A) and obesity (B) in chromosome 16. Included variants in this 
study are presented in the red color. 
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Table 6.  Association between FTO haplotypes and thyroid cancer 

Haplotype
                              Total                                  Male                                  Female

 Univariable Multivariablea) Univariable Multivariablea) Univariable Multivariablea)

GAAGACA 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
AAAGACA 0.56 (0.37-0.84)b) 0.55 (0.36-0.84)b) 0.94 (0.63-1.38) 0.88 (0.59-1.30) 1.07 (0.84-1.36) 1.06 (0.83-1.36)
GGAAACA 1.03 (0.84-1.27) 1.01 (0.82-1.24) 0.88 (0.43-1.80) 0.83 (0.40-1.71) 0.43 (0.26-0.72)b) 0.43 (0.25-0.72)b)

GGAGACA 1.22 (0.82-1.80) 1.16 (0.78-1.73) 1.07 (0.53-2.13) 0.98 (0.49-1.97) 1.30 (0.81-2.08) 1.26 (0.78-2.04)
Values are presented as odds ratios and their 95% confidence intervals. FTO, fat mass and obesity-associated. a)Adjusted for family history 
of thyroid cancer, marital status, educational level, occupation, monthly income, smoking status, alcohol consumption, and body mass 
index group, b) Significant difference.
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an obesity risk allele in FTO, carriers harboring one copy of 
the risk allele weighed on average 1.2 kg more than people 
without the allele. Adults who were homozygous for the 
risk allele weighed 3 kg more and had a 1.67-fold higher rate 
of obesity than those without the allele [20]. Although the 
FTO gene is not associated with changes in fetal growth, it 
has a critical impact in young adults and is associated with 
changes in BMI and obesity in children aged seven and old-
er. Studies have suggested that SNPs located within the first 
intron of FTO are strongly associated with obesity [19]. In 
vitro studies have shown that reducing the functional activ-
ity of FTO in a mouse model resulted in reduced fat mass and 
body weight, elevated energy expenditure and unchanged 
physical activity, whereas the overexpression of FTO in a 
mouse model caused increased adiposity and did not impact 

the energy expenditure; this mouse model provides evidence 
that FTO directly affects fat mass and is linked with obesity 
[21]. However, the exact molecular mechanisms underlying 
the effect of FTO on obesity are not fully understood. 

This study has shown that the genetic variants rs8047395 
and rs8044769 in the FTO gene are associated with thyroid 
cancer. Based on our findings, individuals who carry the 
minor G/G allele of rs8047395 have a higher risk of thyroid 
cancer than those carrying the A/A and G/A alleles, and 
individuals who carry the minor A/A allele of rs8044769 
have a higher risk of thyroid cancer than those carrying the 
G/G and A/G alleles. Studies have observed an association  
between FTO and an increased risk of different types of can-
cers, which suggests that FTO has a role in carcinogenesis 
[22,23]. A study examining the SNPs rs7206790, rs8047395, 

Table 8.  Combined effect of body mass index and each polymorphism on thyroid cancer risk in the dominant model

Variant
 Hom1 Hom1 Hom1 Het+hom2 Het+hom2 Het+hom2

 normal overweight obese normal overweight obese

rs1861868 1.00 (reference) 1.65 (1.20-2.28)a) 1.83 (1.35-2.49)a) 1.18 (0.75-1.88) 1.11 (0.60-2.05) 1.02 (0.58-1.79)
rs8047395 1.00 (reference) 1.37 (0.97-1.91) 1.47 (1.06-2.06)a) 0.61 (0.43-0.88) 1.04 (0.65-1.68) 1.12 (0.75-1.69)
rs9937053 1.00 (reference) 1.66 (1.04-2.67)a) 2.20 (1.39-3.49)a) 1.20 (0.84-1.71) 1.71 (1.13-2.58)a) 1.65 (1.12-2.45)a)

rs9930333 1.00 (reference) 1.25 (0.89-1.77) 1.52 (1.09-2.13)a) 0.83 (0.58-1.19) 1.86 (1.15-3.00)a) 1.52 (1.01-2.27)a)

rs9940128 1.00 (reference) 1.27 (0.90-1.80) 1.54 (1.10-2.14)a) 0.84 (0.59-1.21) 1.84 (1.14-2.98)a) 1.53 (1.02-2.28)a)

rs1421085 1.00 (reference) 1.27 (0.90-1.80) 1.54 (1.10-2.14)a) 0.84 (0.59-1.21) 1.84 (1.14-2.98)a) 1.53 (1.02-2.28)a)

rs11642015 1.00 (reference) 1.23 (0.89-1.71) 1.39 (1.01-1.90)a) 0.67 (0.45-1.00) 1.93 (1.12-3.34)a) 1.72 (1.11-2.66)a)

rs62048402 1.00 (reference) 1.23 (0.89-1.71) 1.40 (1.02-1.92)a) 0.68 (0.46-1.01) 2.00 (1.15-3.47)a) 1.70 (1.10-2.64)a)

rs1558902 1.00 (reference) 1.23 (0.89-1.71) 1.39 (1.02-1.91)a) 0.68 (0.46-1.01) 2.00 (1.15-3.47)a) 1.73 (1.11-2.68)a)

rs56094641 1.00 (reference) 1.23 (0.89-1.71) 1.39 (1.02-1.91)a) 0.68 (0.46-1.01) 2.00 (1.15-3.47)a) 1.73 (1.11-2.68)a)

rs17817288 1.00 (reference) 1.21 (0.87-1.69) 1.39 (1.01-1.90)a) 0.68 (0.46-1.01) 2.03 (1.18-3.49)a) 1.71 (1.10-2.66)a)

rs1477196 1.00 (reference) 1.73 (1.05-2.85) 2.66 (1.65-4.30)a) 1.28 (0.88-1.85) 1.79 (1.17-2.73)a) 1.64 (1.09-2.45)a)

rs55872725 1.00 (reference) 1.76 (1.17-2.66) 1.93 (1.29-2.87)a) 1.17 (0.83-1.64) 1.52 (1.02-2.27)a) 1.64 (1.12-2.38)a)

rs1121980 1.00 (reference) 1.23 (0.89-1.71) 1.40 (1.02-1.92)a) 0.68 (0.46-1.01) 2.00 (1.15-3.47)a) 1.70 (1.10-2.64)a)

rs8043757 1.00 (reference) 1.27 (0.90-1.80) 1.54 (1.10-2.14)a) 0.84 (0.59-1.21) 1.84 (1.14-2.98)a) 1.53 (1.02-2.28)a)

rs8050136 1.00 (reference) 1.17 (0.85-1.63) 1.37 (1.00-1.88)a) 0.63 (0.42-0.95) 2.37 (1.34-4.20)a) 1.75 (1.12-2.74)a)

rs3751812 1.00 (reference) 1.20 (0.86-1.66) 1.39 (1.01-1.91)a) 0.67 (0.45-1.00) 2.16 (1.24-3.76)a) 1.72 (1.11-2.68)a)

rs9926289 1.00 (reference) 1.20 (0.86-1.66) 1.38 (1.00-1.90) 0.67 (0.45-1.00) 2.18 (1.26-3.79)a) 1.76 (1.13-2.72)a)

rs9939609 1.00 (reference) 1.20 (0.86-1.66) 1.38 (1.00-1.90) 0.67 (0.45-1.00) 2.18 (1.26-3.79)a) 1.76 (1.13-2.72)a)

rs7202116 1.00 (reference) 1.20 (0.86-1.66) 1.38 (1.00-1.90) 0.67 (0.45-1.00) 2.18 (1.26-3.79)a) 1.76 (1.13-2.72)a)

rs7185735 1.00 (reference) 1.20 (0.86-1.66) 1.38 (1.00-1.90) 0.67 (0.45-1.00) 2.18 (1.26-3.79)a) 1.76 (1.13-2.72)a)

rs9930506 1.00 (reference) 1.20 (0.86-1.66) 1.38 (1.00-1.90) 0.67 (0.45-1.00) 2.18 (1.26-3.79)a) 1.76 (1.13-2.72)a)

rs8044769 1.00 (reference) 1.36 (0.96-1.92) 1.58 (1.13-2.21)a) 0.88 (0.61-1.27) 1.62 (1.02-2.55)a) 1.49 (1.00-2.23)a)

rs12149832 1.00 (reference) 1.81 (1.13-2.89)a) 2.30 (1.45-3.66)a) 1.24 (0.87-1.79) 1.69 (1.11-2.57)a) 1.68 (1.13-2.49)a)

rs11642841 1.00 (reference) 1.31 (0.94-1.83) 1.43 (1.04-1.97)a) 0.75 (0.51-1.12) 1.71 (1.03-2.83)a) 1.70 (1.10-2.64)a)

rs1861867 1.00 (reference) 1.40 (1.04-1.90)a) 1.56 (1.17-2.07)a) 0.62 (0.31-1.25) 2.69 (1.06-6.83)a) 2.09 (1.02-4.27)a)

rs7195539 1.00 (reference) 1.70 (1.12-2.57)a) 1.90 (1.27-2.86)a) 1.22 (0.87-1.71) 1.64 (1.09-2.47)a) 1.75 (1.19-2.56)
Values are presented as odds ratios and their 95% confidence intervals from a multivariable conditional logistic regression model, adjusted 
for family history of thyroid cancer, marital status, educational level, occupation, monthly income, smoking status, alcohol consumption, 
and body mass index group. het, heterozygous genotype; hom1, homozygous genotype of major allele; hom2, homozygous genotype of 
minor allele. a)Significant difference. 
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rs9939609, and rs1477196 on intron 1 of FTO found that all 
of the SNPs were associated with an increased risk of breast 
cancer [24]. Similarly, a study conducted in a German popu-
lation showed a positive association between the rs8047395 
SNP of the FTO gene and PTC [25]. These findings provide 
primary evidence that FTO may play an important role in 
carcinogenesis. Moreover, a study conducted in the United 
States found that nine of the 10 top-ranking SNPs (ptrend < 
0.010) investigated for thyroid cancer risk were located in 
FTO; however, none of these SNPs were associated with 
thyroid cancer risk after controlling for the false discovery 
rate. This study showed an association between BMI and  
increased PTC risk (OR, 1.18; 95% CI, 1.02 to 1.37), although 
additional adjustments for BMI did not change the SNP-PTC 
association [26]. However, the association between rs8044769 

and thyroid cancer risk has not been examined. Different 
findings for these associations between studies may be relat-
ed to the complex role of FTO in the molecular mechanisms 
of carcinogenesis, which remain unknown. The diverse roles 
of FTO in adiposity, energy balance, type 2 diabetes and  
metabolism may also play a role in carcinogenesis, which 
would result in inconsistent associations [27,28].

This study investigated the effect of interactions between 
BMI and genetic variants of FTO on thyroid cancer risk  
using a gene-environment interaction analysis method. We 
found a positive effect of BMI subclasses on thyroid can-
cer in all groups of different genotypes of rs17817288 in the  
codominant model, rs9937053, rs12149832, rs1861867, and 
rs7195539 in the dominant model, and rs17817288 and 
rs8044769 in the recessive model. Although the mechanism 

Table 9.  Combined effect of body mass index and each polymorphism on thyroid cancer risk in the recessive model

Variant
 Hom1+het Hom1+het Hom1+het Hom2 Hom2 Hom2

 normal overweight obese normal overweight obese

rs1861868 1.00 (reference) 1.47 (1.09-1.97)a) 1.58 (1.19-2.10)a) 0.54 (0.21-1.39) 1.13 (0.28-4.46) 0.69 (0.17-2.81)
rs8047395 1.00 (reference) 1.55 (1.13-2.12)a) 1.88 (1.38-2.54)a) 2.10 (1.28-3.45)a) 2.38 (1.29-4.40)a) 1.62 (0.97-2.70)
rs9937053 1.00 (reference) 1.54 (1.14-2.06)a) 1.62 (1.22-2.14)a) 1.33 (0.36-4.99) 0.83 (0.23-2.97) 2.79 (0.78-9.93)
rs9930333 1.00 (reference) 1.54 (1.14-2.06)a) 1.62 (1.22-2.14)a) 1.33 (0.36-4.99) 0.83 (0.23-2.97) 2.79 (0.78-9.93)
rs9940128 1.00 (reference) 1.54 (1.14-2.06)a) 1.62 (1.22-2.14)a) 1.33 (0.36-4.99) 0.83 (0.23-2.97) 2.79 (0.78-9.93)
rs1421085 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs11642015 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs62048402 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs1558902 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs56094641 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs17817288 1.00 (reference) 1.64 (1.19-2.25)a) 1.95 (1.43-2.67)a) 2.17 (1.37-3.43)a) 2.11 (1.21-3.67)a) 1.66 (1.04-2.65)a)

rs1477196 1.00 (reference) 1.57 (1.15-2.13)a) 1.79 (1.34-2.41)a) 2.51 (1.30-4.84)a) 2.25 (1.04-4.86)a) 1.54 (0.85-2.78)
rs55872725 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs1121980 1.00 (reference) 1.54 (1.14-2.06)a) 1.62 (1.22-2.14)a) 1.33 (0.36-4.99) 0.83 (0.23-2.97) 2.79 (0.78-9.93)
rs8043757 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs8050136 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs3751812 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs9926289 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs9939609 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs7202116 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs7185735 1.00 (reference) 1.52 (1.14-2.04)a) 1.61 (1.21-2.13)a) 1.58 (0.39-6.40) 1.03 (0.16-6.42) 4.21 (0.77-22.9)
rs9930506 1.00 (reference) 1.53 (1.14-2.05)a) 1.61 (1.21-2.13)a) 1.14 (0.33-4.03) 0.84 (0.24-3.00) 2.78 (0.78-9.88)
rs8044769 1.00 (reference) 1.53 (1.12-2.10)a) 1.87 (1.38-2.53)a) 2.06 (1.26-3.38)a) 2.55 (1.35-4.81)a) 1.71 (1.02-2.88)a)

rs12149832 1.00 (reference) 1.53 (1.14-2.06)a) 1.61 (1.22-2.14)a) 1.04 (0.26-4.23) 0 (0-7.4e+75) 3.18 (0.57-17.8)
rs11642841 1.00 (reference) 1.51 (1.13-2.02)a) 1.61 (1.22-2.13)a) 2.10 (0.09-48.8)  
rs1861867 1.00 (reference) 1.54 (1.14-2.09)a) 1.76 (1.31-2.36)a) 1.84 (1.00-3.40) 2.25 (1.02-4.97)a) 1.37 (0.74-2.54)
rs7195539 1.00 (reference) 1.49 (1.12-2.00)a) 1.63 (1.23-2.16)a) 0 (0-7.6e+53) 0.50 (0.04-6.01) 0.53 (0.05-5.22)
Values are presented as odds ratios and their 95% confidence intervals from a multivariable conditional logistic regression model, adjusted 
for family history of thyroid cancer, marital status, educational level, occupation, monthly income, smoking status, alcohol consumption, 
and body mass index group. het, heterozygous genotype; hom1, homozygous genotype of major allele; hom2, homozygous genotype of 
minor allele. a)Significant difference.



of this interaction remains unclear, FTO may interact with 
BMI in several ways. First, the association could be explained 
by the role of FTO in regulating energy homeostasis, body 
size, and fat accumulation [29]. Thus, genetic variants of this 
gene are associated with obesity, diabetes, and metabolic 
syndromes, which are cancer risk factors [30]. Second, previ-
ous studies have claimed that FTO is associated with DNA 
methylation [25], and genetic polymorphisms of FTO may 
impact the normal pattern of DNA synthesis and methyla-
tion, which are factors in carcinogenesis [31] and affect both 
body mass and tumor suppression. For BMI, recent stud-
ies have suggested that adiposity may also influence DNA 
methylation. A recent GWAS showed that BMI is associated 
with widespread changes in DNA methylation, which is a 
key regulator of gene expression and molecular phenotypes 
[32]. Thus, the influence of BMI and FTO on DNA methyla-
tion may explain the combined interaction effect on suscepti-
bility to thyroid cancer. 

This study makes a significant contribution to our under-
standing of how genetic variants of FTO affect the risk of 
thyroid cancer. Only one other study of a German popula-
tion has investigated the association between thyroid cancer 
and the FTO genetic variant rs8047395. However, that study 
population was exclusively Caucasian, and few studies have 
been conducted in Asian populations [25]. Another strength 
of this study is the analysis of both socioeconomic status and 
lifestyle risk factors for thyroid cancer, including smoking 
status, alcohol consumption, and reproductive factors. This 
study has several limitations. First, this study is a hospital-
based case-control study, and the controls may not be suffi-
ciently representative of the general population because their 
genetic variants or lifestyle habits may be similar or related 
to cancer cases. However, the large number of controls in this 
study should eliminate any potential problem with similari-
ties in the characteristics of participants. Second, this study 
may have a recall bias because the demographic information 
was based solely on self-conducted questionnaires depend-

ent on the memory of the participants. However, data col-
lected from the questionnaire were not a crucial component 
of the information analyzed for this study and likely did not 
affect our findings.

In summary, the interactions observed in this study sug-
gest that the effect of subclasses of BMI on thyroid cancer risk 
may differ according to individual genetic variants of FTO. 
Although the underlying mechanism requires further inves-
tigation, this study improves our understanding of the role 
of BMI and FTO as indicators of thyroid cancer risk and their 
role in thyroid cancer carcinogenesis. In the future, addi- 
tional epidemiological studies with larger sample sizes sho-
uld be performed to support and extend our findings on the 
role of genetic risk factors. 
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Introduction

Testicular germ cell tumors (TGCTs) are the most common 
solid tumors in young men between the ages of 20 and 34 [1]. 
Although TGCTs most commonly arise in the testicles, occa-
sionally they develop in extragonadal sites without the pres-
ence of a primary tumor in the testicles. Extragonadal TGCTs 
mainly develop in midline locations of the body, such as the 
anterior mediastinum, retroperitoneum, and pineal gland [2]. 
TGCTs are divided into two major histological types: pure 
classic seminoma and non-seminomatous germ cell tumors 
(NSGCTs) [3]. NSGCTs can be of four subtypes, embryonal 
carcinoma, yolk sac tumor, teratoma, and choriocarcinoma, 
and can present a mix of seminomatous and nonseminoma-
tous components. Seminoma often demonstrates indolent 
behavior, while NSGCTs tend to occur at a younger age and 
confer higher mortality.

Choriocarcinoma is a rare cancer composed of cytotropho-
blasts, intermediate trophoblasts, and syncytiotrophoblast 
cells [4]. In embryology, these trophoblast cells are known 
to contribute to the implantation and subsequent placental  

development and secrete human chorionic gonadotropin 
(hCG) to promote the maintenance of the corpus luteum. 
Therefore, hCG is used as a tumor marker of choriocarcinoma. 
Choriocarcinoma is classified as gestational or nongestational 
[5]. Gestational choriocarcinoma refers to choriocarcinoma 
originating from the trophoblast of any type of gestational 
event, such as hydatidiform mole, spontaneous abortion, and 
normal pregnancy. Nongestational choriocarcinoma refers to 
choriocarcinoma that does not arise from a pregnancy event 
[6]. Nongestational choriocarcinoma, also called primary cho-
riocarcinoma (PCC), can occur in men, but it is extremely rare 
[7].

In men, choriocarcinoma is the subtype of NSGCTs with 
the worst prognosis that presents with high levels of hCG, 
often widespread metastatic disease, and rapid progression 
of disease [8]. Moreover, some high-risk patients with very 
advanced choriocarcinoma develop choriocarcinoma synd-
rome, which is associated with hemorrhage from the meta-
static sites, especially lungs, and has very high mortality rates 
[4]. To date, the mechanism of male PCC development is not 
well understood, but the following three hypotheses have 
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been suggested [7]: (1) PCC may arise from retained primor-
dial germ cells that migrate abnormally during embryogen-
esis; (2) PCC may be a testicular choriocarcinoma metastasis 
that regressed spon-taneously or not; and (3) PCC may ini-
tially develop as a nontrophoblastic neoplasm and then trans-
form into a choriocarcinoma.

Male PCC is extremely rare, and only few case reports have 
been published. The clinical features and prognostic factors 
of male PCC are not well known. Recently, Jiang et al. [7] ana-
lyzed data from 113 male patients with PCC and described 
their clinicopathological features. In this retrospective study, 
we describe and analyze the clinicopathological features of 14 
cases of male PCC, over the age of 20, diagnosed and treated 
at the Samsung Medical Center (SMC) between 1996 and 
2020. 

Materials and Methods
 
1. Study population and design

A total of 20 male patients with PCC were treated at SMC 
between 1996 and 2020. Five patients were under the age of 
20, and one was diagnosed at another hospital. We excluded 
these six patients and, finally, 14 male patients with PCC, 
all aged over 20 years, were included in this retrospective 
study. All patients were diagnosed on a pathological exami-
nation. The medical records of the patients were reviewed, 
and information on patient death was acquired from census 
data. The demographic, histological, and clinical characteris-
tics of the patients at diagnosis were described and used for 
the analysis. Treatment and clinical outcomes of the patients 
were obtained from medical records. 

2. Statistical analysis
Statistical analysis was performed to identify the clinical 

factors affecting overall survival (OS). Briefly, patients were 

Table 1.  Demographic, histological, and clinical characteristics of 14 male patients with primary choriocarcinoma

       Hemoptysis
Case

 
Age

 Histology 
hCG

 AFP 
Primary

 Metastatic sites at the time of
No.

 
(yr)

  
(mIU/mL)

  
site

  diagnosis

  1 36 MGCT 135,100 Increased Testis Lung, brain, liver, spleen No
    (IMT:CC:seminoma:EST=
    50:27:18:5) 
  2 62 MGCT 4,090 Normal Testis Retroperitoneal LN No
    (CC:MT:ECA:seminoma=
    50:30:20:Min) 
  3 26 Pure CC 250,000 Normal Testis Lung, liver, retroperitoneal LNs Yes
  4 30 Pure CC 631.4 Increased Mediastinum Lung, brain No
  5 23 MGCT 37,510 Increased Brain No No
    (CC:germinoma=95:5) 
  6 42 Pure CC 270,000 Increased Mediastinum Lung, brain, liver, small bowel Yes
  7 38 Pure CC 270,000 Normal Testis Lung, brain, liver, bone marrow,  
        retroperitoneal LNs, others Yes
  8 29 MGCT 200,000 Increased Testis Lung, retroperitoneal LNs No 
    (CC:seminoma=
    more than 90:less than 10) 
  9 35 Pure CC 53,027 Normal Mediastinum Lung No
10 33 MGCT 158,221.6 Normal Testis Retroperitoneal LNs No 
    (no exact data about 
    components of tumor) 
11 33 Pure CC 25,539 Normal Mediastinum Lung Yes
12 28 Pure CC 61,237 Normal Testis Lung Yes
13 24 Pure CC 269,200 Increased Mediastinum Lung, brain Yes
14 38 Pure CC 52,382 Normal Mediastinum Lung, brain No
AFP, α-fetoprotein; CC, choriocarcinoma; ECA, embryonal carcinoma; EST, endodermal sinus tumor; hCG, human chorionic gonadotropin; 
IMT, immature teratoma; LN, lymph node; MGCT, mixed germ cell tumor; Min, minimal; MT, mature teratoma.
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divided into two groups according to clinical characteristics 
that were expected to influence OS. The OS for each group 
was estimated using the Kaplan-Meier method. The differ-
ence in OS between the two groups was evaluated with the 
log-rank test. The estimated median OS was used as a rep-
resentative value for the survival rate. Additionally, the chi-
square test was used to confirm association between two dif-
ferent clinical factors used to divide patients into two groups 
(data not shown). Among many factors, only the association 
between histologic finding and hemoptysis at the time of  
diagnosis was statistically significant (p=0.031). All statisti-
cal analyses were performed using the SPSS ver. 22 statistical 
software (IBM Corp., Armonk, NY). Statistical significance 
was set at p < 0.05. 

 
Results

1. Demographic, histological, and clinical characteristics of 
14 male patients with PCC at the time of diagnosis

The demographic, histological, and clinical characteristics 
of 14 male patients with PCC at the time of diagnosis are 
presented in Table 1. The median age was 33 years (range, 
23 to 62 years), and most of the patients were between 20 
and 40 years old. Histologically, nine cases (64%) were pure 

choriocarcinoma, and five cases (36%) were mixed germ cell 
tumors (MGCTs) including choriocarcinoma and seminoma, 
germinoma, teratoma, endodermal sinus tumor, and embry-
onal carcinoma. hCG levels were elevated in all cases, and 
lactate dehydrogenase levels were elevated in all examined 
patients (not shown). α-Fetoprotein (AFP) was elevated only 
in some cases (6/14, 43%).

The primary tumor site was the testicles in seven cases 
(50%), mediastinum in six cases (43%), and brain in one 
case (7%). In a study by Jiang et al. [7], the testicles were the 
most common primary tumor site (36.2%), and mediastinal 
PCC only accounted for 11% of the 113 PCC male patients 
assessed. Due to the small number of cases in our study, cau-
tion is needed in interpreting these results. As previously 
mentioned, there is a hypothesis that PCC might be a testicu-
lar choriocarcinoma metastasis that has either spontaneously 
regressed or not. Among our cases, one patient described 
that right testicular swelling occurred about a year ago and 
had improved at the time of diagnosis. However, testicular 
sonography revealed that a small testicular mass still existed 
in his right testis. On the other hand, there was no history 
of testicular swelling in the other patients with extragonadal 
PCC.

Except for one patient with brain PCC, all other patients 
had metastatic diseases. The most common metastatic site 
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Table 2.  Treatment and clinical outcomes of 14 male patients with primary choriocarcinoma

Case No. Surgery Chemotherapy Best response to chemotherapy Survival time

  1 Radical orchiectomy POMB×2; BEP×1; PVeBV×1 SD 4 mo
  2 Radical orchiectomy BEP×4 CR > 5 yr
  3 No EMA×1; CDDP×1; TIP×3;  PR 5 mo
    VIP×3; Auto-PBSCT 
  4 No BEP×4; TIP×5 SD 12 mo
  5  Brain tumor removal BEP×4; VIP×4 CR > 5 yr
  6 Small bowel resection BEP×1 NA 0.3 mo
  7 No EMA-CO×1 NA 0.6 mo
  8 Radical orchiectomy BEP×3; EP×4; CAP×2;  PR 17 mo
    TIP×3; Auto-PBSCT 
  9 No BEP×4; TIP×6 SD 15 mo
10 No BEP×4; TIP×5; ICE×2 PR 13 mo
11 No BEP×4; TIP×2 SD 4 mo
12 Radical orchiectomy VIP×6; TIP×6; M-VAC×2 CR 20 mo
13 No VIP×8; TIP×1 PR 8 mo
14 No VIP×8 PR > 10 mo
    Alive

Auto-PBSCT, autologous peripheral blood stem cell transplantation; BEP, bleomycin, etoposide, cisplatin; CAP, cyclophosphamide, doxoru-
bicin, cisplatin; CDDP, cisplatin; CR, complete remission; EMA, etoposide, methotrexate, actinomycin D; EMA-CO, etoposide, methotrex-
ate, actinomycin D, cyclophosphamide, vincristine; EP, etoposide, cisplatin; ICE, ifosfamide, etoposide, carboplatin; M-VAC, methotrexate, 
vinblastine, doxorubicin, cisplatin; NA, not assessed; POMB, cisplatin, vincristine, methotrexate, bleomycin; PR, partial remission; PVeBV, 
cisplatin, etoposide, bleomycin, vinblastine; SD, stable disease; TIP, paclitaxel, ifosfamide, cisplatin; VIP, etoposide, ifosfamide, cisplatin.
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was the lungs (11/14, 79%), followed by the brain (6/14, 
43%), liver (4/14, 29%), and retroperitoneum (4/14, 29%). 
Initial symptoms varied and were related to the primary and 
metastatic sites of tumors. Hemoptysis, which is related to 
the choriocarcinoma syndrome, was present only in some 
patients with lung metastasis, at the time of diagnosis (6/11, 
55%). Interestingly, all patients with hemoptysis at the time 
of diagnosis had pure choriocarcinoma histology.

2. Treatment and clinical outcomes of 14 male patients with 
PCC

The treatment and clinical outcomes of the patients with 
PCC are also presented in Table 2. Of the seven patients with 
testicular PCC, four (4/7, 57%) underwent orchiectomy. In 
addition, one patient with brain tumor underwent surgical 
tumor removal, and one patient with small bowel tumor  
underwent small bowel resection because of excessive bleed-
ing. Excluding these six patients, the remaining patients only 
underwent biopsy without surgical tumor removal.

All patients with PCC received cytotoxic chemotherapy. 
Various chemotherapeutic regimens were used, such as 
POMB (cisplatin, vincristine, methotrexate, bleomycin), EMA- 
CO (etoposide, methotrexate, actinomycin D, cyclophos-
phamide, vincristine), BEP (bleomycin, etoposide, cisplatin), 

VIP (etoposide, ifosfamide, cisplatin), and TIP (paclitaxel, 
ifosfamide, cisplatin). Two patients died soon after start-
ing cytotoxic chemotherapy, and responses to the cytotoxic 
chemotherapy were assessed in 12 patients. In terms of the 
best response, eight patients (8/12, 67%) achieved an objec-
tive response during cytotoxic chemotherapy. Specifically, 
three patients achieved a complete response (CR) and five 
achieved a partial response (PR). Besides, remaining four  
patients (4/12, 33%) achieved a stable disease (SD) response 
as the best response to cytotoxic chemotherapy.

Among three patients achieving CR during the first course 
of chemotherapy, two survived for more than five years. 
Compared to the deceased patients, the two long-term sur-
vivors did not have lung metastasis, and their tumor burden 
was also much lower with fewer metastatic lesions. Further-
more, the two long-term survivors had their primary tumor 
surgically removed. Specifically, one patient had a brain 
tumor without a distant metastatic lesion and underwent 
surgical tumor removal and two courses of cytotoxic chemo-
therapy due to relapse after the first course of chemotherapy. 
The other patient had a testicular tumor with only some  
retroperitoneal lymph nodes involved and underwent radi-
cal orchiectomy and one course of cytotoxic chemotherapy.

On the other hand, one patient who died after achieving 

Table 3.  The association between clinical factors and overall survival in male patients with primary choriocarcinoma

 No. of patients Median overall survival (mo) p-value

Primary site
    Testis 7 13 0.294
    Mediastinum 6   8 
hCG level   
    Above 100,000 7   5 0.021
    Below 100,000 7 20 
AFP level   
    Increased 7 12 0.493
    Not increased 7 13 
Histology   
    Pure CC 9   8 0.092
    MGCT 5 17 
Hemoptysis at the time of diagnosis   
    Yes 6   4 0.045
    No 8 15 
Brain metastasis   
    Yes 6   4 0.040 
    No 7 15 
Objective response to chemotherapy (CR or PR)   
    Yes 8 17 0.043
    No 4   4 
 AFP, α-fetoprotein; CC, choriocarcinoma; CR, complete remission; hCG, human chorionic gonadotropin; MGCT, mixed germ cell tumor; 
OS, overall survival; PR, partial remission.



CR during the first course of chemotherapy had a testicular 
tumor with lung metastasis and hemoptysis. He died due to 
the progression of lung metastasis and subsequent respira-
tory failure despite receiving subsequent chemotherapy. Fur-
thermore, all patients who achieved PR or SD to cytotoxic 
chemotherapy eventually died after developing resistance to 
chemotherapy.

We analyzed the association between clinical characteris-
tics and OS (Table 3). The median OS was similar between 
the testicular and mediastinal PCC patients (13 months vs. 8 
months, p=0.294). The median OS was lower in patients with 
hCG levels higher than 100,000 mIU/mL compared to those 
with hCG levels lower than 100,000 mIU/mL (5 months vs. 
20 months, p=0.021). This means that patients with lower  
tumor burden are more likely to live longer because the level 
of hCG reflects the tumor burden of the choriocarcinoma. On 
the other hand, the median OS was similar between patients 
with increased AFP levels and those with normal AFP levels 
(12 months vs. 13 months, p=0.493).

The median OS was lower in patients with pure chorio-
carcinoma compared to those with MGCTs containing cho-
riocarcinoma, but not statistically significant (8 months vs. 
17 months, p=0.092). This result may be derived from the 
association between hemoptysis at the time of diagnosis 
and pure choriocarcinoma histology (p=0.031). Indeed, the  
median OS was lower in patients with hemoptysis at the 
time of diagnosis compared to those without hemoptysis (4 
months vs. 15 months, p=0.045). Additionally, there was no 
hemoptysis in patients with MGCTs containing choriocarci-
noma at the time of diagnosis. Except for one patient with a 
brain tumor without distant metastatic lesions, the median 
OS was lower in patients with brain metastasis than in those 
without brain metastasis (4 months vs. 15 months, p=0.040). 
In the case of lung metastasis, only one of the deceased  
patients was free of lung metastasis at the time of diagnosis, 
but lung metastasis occurred during treatment. These results 
suggest that survival is shorter in patients with metastasis to 
organs that are prone to cause clinically threatening symp-
toms, such as the lungs and brain.

Among patients whose response to chemotherapy could be 
evaluated, median OS was higher in patients who achieved 
an objective response to cytotoxic chemotherapy compared 
to those who did not (17 months vs. 4 months, p=0.043).  
Indeed, one patient with hemoptysis at the time of diagnosis 
survived for 20 months, probably due to achieving CR with 
cytotoxic chemotherapy.

 

Discussion

To date, there is no standard treatment for the manage-
ment of male patients with PCC [7]. Cytotoxic chemother-
apy is considered an essential treatment, although a variety 
of treatment strategies, such as surgery and radiotherapy, 
are also considered. In our study, all 14 patients received  
cytotoxic chemotherapy, of whom 12 patients with recorded 
responses achieved either objective response or SD as the 
best response to chemotherapy. However, 10 of the patients 
eventually died after developing resistance to chemotherapy. 
These results suggest that most male patients with PCC will 
become resistant to chemotherapy during therapy, leading to 
treatment failure.

Immune checkpoint inhibitors (ICIs) have been used in the 
treatment of many types of cancer [9]. ICIs typically include 
anti–cytotoxic T-lymphocyte antigen-4 antibodies, anti–pro-
grammed death-1 (PD-1) antibodies, and anti–programmed 
death-ligand 1 (PD-L1) antibodies. Among those, anti–PD-1 
antibodies and anti–PD-L1 antibodies target the PD-1/PD-
L1 pathway. Blocking the PD-1/PD-L1 inhibitory pathway 
is thought to activate T cells in the tumor microenvironment, 
releasing inflammatory cytokines and cytotoxic granules to 
eliminate tumor cells. Currently, the expression levels of PD-
L1 in tumor tissues is considered as a biomarker for predict-
ing the responsiveness to PD-1/PD-L1 blockade therapy.

Recently, Veras et al. [10] reported PD-L1 expression in  
human placentas and gestational trophoblastic diseases, 
including choriocarcinoma. In human placentas, syncytio-
trophoblasts highly express PD-L1, whereas cytotrophob-
lasts do not, and intermediate trophoblasts express little or 
no PD-L1. The authors suggested that trophoblastic cells 
in the placenta contribute to the creation of a tolerogenic 
feto-maternal interface by upregulating PD-L1 in syncy-
tiotrophoblasts and intermediate trophoblasts. The authors 
also reported that 22 of 30 choriocarcinoma specimens (73%) 
showed intense and diffuse PD-L1 immunoreactivity in syn-
cytiotrophoblasts. The other samples showed weak or no 
PD-L1 staining, which was attributed to the fact that most 
of the tissues were necrotic, and only a few viable tropho-
blasts were present. The typical pattern of choriocarcinoma 
is known as a plexiform arrangement of syncytiotropho-
blast cells with mononucleated, mostly cytotrophoblast cells 
around the foci of the hemorrhage, although some cases may 
have a relatively inconspicuous syncytiotrophoblast compo-
nent [4]. These findings suggest that PD-L1 expression from 
syncytiotrophoblast cells in choriocarcinoma might contrib-
ute to immune tolerance against anti-tumor T cells.

Several studies have been conducted on the efficacy of 
PD-1/PD-L1 blockade therapy on trophoblastic neoplasia, 
including choriocarcinoma [11-13]. Ghorani et al. [11] repor-
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ted four cases of drug-resistant gestational trophoblastic 
neoplasia treated with pembrolizumab. In this study, all four 
cases had PD-L1 overexpression, but three out of four pati-
ents achieved remission. It was thought that one patient did 
not respond to pembrolizumab due to the absence of tumor-
infiltrating lymphocytes.

Moreover, there are some reports on the efficacy of PD-1/
PD-L1 blockade therapy on male PCC. Chi et al. [14] repor-
ted that one male patient with PCC achieved a partial but 
durable response to nivolumab treatment. Loh and Fung [15]  
reported that one male patient with PCC did not respond to 
pembrolizumab treatment and progressed rapidly. In these 
two cases, both PD-L1 overexpression and the presence of 
tumor-infiltrating lymphocytes were not evaluated. Han et 
al. [16] reported that one male patient with PCC achieved 
remission after pembrolizumab treatment combined with 
cytotoxic chemotherapy. In this study, PD-L1 overexpres-
sion on tumor cells was confirmed. On the other hand, 
in a study by Adra et al. [17], only one of three male PCC  
patients showed PD-L1 overexpression, and none of the 
three patients achieved an objective response to pembroli-
zumab treatment. These results suggest that PD-1/PD-L1 
blockade therapy is not effective in all male patients with 
PCC. It is thought that the therapeutic efficacy of PD-1/PD-
L1 blockade varies depending on some clinicopathological 
features such as PD-L1 overexpression and the presence of 
tumor-infiltrating lymphocytes.

In summary, there is no established standard treatment for 
male PCC, and cytotoxic chemotherapy is used as a mainstay 

treatment. Although some patients with low tumor burden 
and only few metastases can be cured by cytotoxic chemo-
therapy, most male PCC patients will eventually develop 
resistance to cytotoxic chemotherapy and die from disease 
progression. Factors such as poor response to chemothera-
py, high disease burden, brain metastasis, and hemoptysis 
at the time of diagnosis might all be poor prognostic factors  
associated with shorter survival time. ICIs, such as anti–PD-1 
antibodies and anti–PD-L1 antibodies, can be a salvage treat-
ment for chemotherapy-resistant male PCC patients. PD-L1 
overexpression and the presence of tumor-infiltrating lym-
phocytes can be used as biomarkers for predicting the effi-
cacy of PD-1/PD-L1 blockade therapy. 
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Introduction

Oral administration of medication and nutrition is often 
difficult in terminally ill cancer patients because of progres-
sive difficulties in swallowing, nausea and vomiting, intes-
tinal obstruction, and consciousness disturbance [1]. There-
fore, reliable intravenous (IV) access is an important issue in 
terminally ill cancer patients. However, these terminally ill 
cancer patients have limited or no peripheral venous access 
due to edema or repeated venous punctures from long-term 
IV therapy, including chemotherapy and blood transfusions. 
Thus, central venous access has provided an important role 
for IV access in terminally ill cancer patients.

There are several options for applying central venous cath-
eters (CVCs) in cancer patients, including subclavian venous 

catheter, chemo-port (CP), and the peripherally inserted 
central catheter (PICC) approaches. Among these, PICC is 
well-tolerated insertion without catastrophic risk (e.g., pneu-
mothorax or wound dehiscence) and provides medium-term 
intravascular access [2,3]. Terminally ill cancer patients are 
vulnerable to minor trauma due to poor performance and 
general conditions and may have behavior problems due 
to mental deterioration or delirium [4]. In addition, most 
of these patients have limited survival of 1-2 months [5,6]. 
Hence, terminally ill cancer patients need CVCs that are safe, 
comfortable to insert, and offer intermediate durability of 
IV access. Considering those aspects of terminally ill cancer  
patients and PICC, the PICC is an attractive alternative to 
other forms of CVCs.

However, limited data exist regarding the safety and effica-
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cy of PICC in homogenous terminally ill cancer patients [7-9]. 
Our group previously conducted retrospective and prospec-
tive studies examining the performance of PICC in terminally 
ill cancer patients [7,8], demonstrating high insertion success 
rate (86%-100%), low premature removal rate (10%-16%), and 
favorable patient-reported satisfaction (80%). However, these 
previous studies had limitations to elucidate superiority of 
the PICC compared with peripheral IV access and appropri-
ate time to insert PICC in terminally ill cancer patients due 
to the retrospective or single-arm design. Currently, when 
terminally ill cancer patients are admitted to the hospice-
palliative care (HPC) unit, peripheral IV access is maintained 
as long as possible, and insertion of CVCs such as PICC are 
considered when it is no longer possible to access peripheral 
veins. However, many terminally ill cancer patients experi-
ence discomfort related to frequent venous puncture because 
of poor peripheral IV access at the time of admission. In  
addition, when PICC IV access is necessary, PICC insertion 
is often impossible due to poor medical condition such as 
coagulopathy or delirious behavioral problems. Thus, early 
insertion of PICC upon admission may be effective in patients 
requiring parenteral nutrition or medication.

The purpose of this study was to investigate whether rou-
tine insertion of PICC at the time of admission to a HPC unit 
is acceptable in terms of safety and efficacy and whether it 
results in superior patient satisfaction compared to usual IV 
access. 

Materials and Methods
 
1. Patients

Terminally ill cancer patients who were admitted to the 
HPC unit at Pusan National University Yangsan Hospital  
between February 2017 and January 2020 were enrolled in 
this study. Terminally ill cancer patients receive no addition-
al anti-cancer treatment in our institution and have estimat-
ed survival times of 1-2 months. Admission to the HPC unit 
is usually considered if parenteral nutrition and medication 
are required. Exclusion criteria were as follows: (1) patients 
who already had CVC such as CP, (2) patients with severe  
coagulopathies of platelet count less than 20,000 or interna-
tionalized normalized ratio higher than 2, (3) patients with 
evidence of overt sepsis, and (4) patients with severe behav-
ioral problems that would make PICC insertion difficult.  
Patients with history of sepsis but negative culture test  
results and no signs of infection were allowed. If a prior PICC 
was removed due to unexpected events and reinserted, we 
did not count each PICC placement as a new event.

2. Study design
This study was a single-center, prospective, randomized 

phase II trial. The study subjects were admitted to the HPC 
unit between May 2017 and January 2020, stratified accord-
ing to Eastern Cooperative Oncology Group (ECOG) perfor-
mance status and previous infection history within 1 month, 
and randomly assigned to two groups: (1) the routine PICC 
arm (initial insertion of PICC at the time of admission, which 
means that the procedure was conducted within 3 work-
ing days after study enrollment), or (2) the usual IV access 
arm (maintenance of peripheral IV line until two trials a 
day, and late insertion of PICC). A research coordinator was  
responsible for randomizing patients to study arms using a 
computer-generated random allocation table with 4-block 
randomization. 

3. PICC insertion and management
All PICCs were inserted by an interventional radiologist in 

the angiography room using ultrasound guidance or fluoro-
scopic imaging. All operators wore aseptic gowns, masks, 
and gloves, and all of the patients received a dressing with 
aseptic drape. Seldinger’s technique was used routinely [10]. 
The PICC lines contained a single lumen and were made of 
second-/third-generation polyurethane. The location of the 
catheter tip was confirmed by chest radiography. None of the 
PICCs were sutured but were held in place with a StatLock 
Catheter Stabilization Device (BARD, Covington, GA).

No patient received prophylactic antibiotics or anticoagu-
lation drugs for infection or thrombosis. Catheter replace-
ment over a guidewire was strictly prohibited in this study. 
All patients received a closed dressing dampened with beta-
dine on the catheter insertion site every 3 days. PICC tip 
cultures were performed when the catheter was removed at 
the time of discharge or within 30 minutes of death. If the 
catheter tip showed positive findings in culture, we checked 
for the presence of catheter-related blood stream infection 
(CRBSI) based on medical progress and laboratory findings.

4. Catheter monitoring and data collection
We assessed clinical complications such as pain, edema, 

bleeding, and local or systemic catheter-related infections. 
CRBSIs were defined by positive catheter tip culture and 
at least one positive peripheral blood culture of the same  
organism without other sources of infection. Catheter-related 
thrombosis occurs in two types; intra-catheter thrombosis 
and thrombophlebitis. The former is suspected when the 
catheter flow rate slows or back flush is impossible, and the 
latter is suspected when patients complain of arm edema or 
pain. 

In addition, we evaluated patient-perceived satisfaction 
using a semi-structured questionnaire assessing the degree 
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of IV access related with comfort at day 5 of study enroll-
ment: “How is your satisfaction with the IV access so far?” 
(rated as “much comfort,” “a little comfort,” “no change,” 
“a little discomfort,” or “much discomfort”). Patients who 
underwent PICC insertion were evaluated for procedure- 
related distress by the following question: “Did you experi-
ence distress because of the procedure?” (rated as “distress-
ing,” “a little distressing,” or “not distressing”). Patients 
who underwent PICC in the usual IV arm were evaluated 
for comfort improvement at day 5 of PICC insertion by the 
following question: “How comfortable is the parenteral  
access after placement of the PICC?” (rated as “much more 
comfort,” “a little more comfort,” “no change,” “a little more 
discomfort,” or “much more discomfort”).

5. Statistical analysis
The sample size was calculated based on an assumption 

of maintenance success rate of routine PICC arm (90%) and 
usual IV arm (95%) based on prior study [7]. With a non-infe-
rior margin of 25%, power of 80%, and alpha of 0.05, each of 
the two groups was determined to be 29 patients. Consider-
ing a drop-out rate of 10%, a total of 33 patients were planned 
to be randomized to each arm. Patients who died within 7 
days of study enrollment or were transferred to other hos-
pitals, those who required PICC insertion within 5 days of 
enrollment in the usual IV access arm, and those who did 

not receive PICC insertion within 3 days in the routine PICC 
arm were identified as drop-outs and excluded from the final 
analysis.

The baseline demographics and PICC-related character-
istics of the patients were summarized using descriptive 
statistics, including median, mean, and range. The primary 
endpoint was IV maintenance success rate, defined as the  
ratio of patients who maintained functional IV access until the  
intended time (death or transfer) to all patients. In the rou-
tine PICC arm, IV maintenance success was defined when 
the PICC was maintained until the intended time. In the 
usual IV arm, IV maintenance success was defined when the 
peripheral IV line was maintained until the intended time 
without requiring PICC or PICC maintained until the intend-
ed time if inserted. If PICC was required in the usual IV arm 
but PICC insertion was impossible due to the patient’s gen-
eral condition or coagulopathy, it was defined as IV main-
tenance failure. The secondary endpoints were the patients’ 
perceived satisfaction and complication rate. The complica-
tion rates were reported as complications per 1,000 PICC 
days and a simple rate. The IV maintenance success rate, 
which is the primary endpoint, was compared between the 
two groups using the Z-test. Kaplan-Meier estimates were 
used to analyze the time to event variable. Survival compari-
sons were performed using univariate log-rank tests. Median 
follow-up duration was calculated according to the inverted 

Fig. 1.  Trial profile. IV, intravenous; PICC, peripherally inserted central catheter.

Excluding from analysis (n=5)
- Death within 1 week (n=2)
- Transfer within 1 week (n=1)
- PICC insertion within 5 days (n=2)

Not applicable for PICC (n=99)
- Chemoport insertion status (n=51)
- Overt infection status (n=20)
- Life expectancy less than 1 week (n=28)

Refuse to conduct the study (n=20)

Terminal ill cancer patients admitted to
hospice-palliative care unit during 2017.2-2020.1 (n=186)

Applicable of study recommendation (n=86)

Consent to conduct the study (n=66)

Routine PICC (n=33) Usual IV access (n=33)

Routine PICC (n=29) Usual IV access (n=28)

Excluding from analysis (n=4)
- Death within 1 week (n=3)
- Transfer within 1 week (n=1)



Kaplan-Meier method. Statistical analyses were performed 
using SPSS ver. 17.0 (SPSS Inc., Chicago, IL). 

Results

1. Patients and characteristics
In total, 186 terminally ill cancer patients were admitted to 

the HPC unit during the study period, 66 patients of whom 
were enrolled in this study, and 33 patients in each group. 
In the routine PICC arm, 29 patients excluding those who 
died (3 patients) or were transferred (1 patient) within 1 
week were analyzed. In the usual IV access arm, 28 patients 
were analyzed, excluding those who died (2 patients) or 
were transferred (1 patient) within 1 week, and two patients  
required PICC insertion within 5 days (Fig. 1). There was no 
difference in age, primary cancer site, or prior curative treat-

ment between the two groups. There were no differences in 
factors indicating general medical condition and life expec-
tancy such as ECOG performance status and simplified pal-
liative prognostic index. Prior infection and previous central 
venous access performance were similar between the two 
groups (Table 1).

2. Results of IV access analyses
In the routine PICC arm, 27 of the 29 cases maintained 

PICC until the intended time (death, 23; transfer, 4); and the 
other two patients prematurely removed PICC due to deli-
rium-related self-removal. In the usual IV arm, 11 patients 
maintained peripheral IV access until death, 15 patients  
underwent PICC insertion and maintained it until the inten-
ded time (death 13, transfer 2), and the other two patients 
were unable to undergo PICC due to poor medical condition. 
In summary, the IV maintenance success rate in the routine 

Table 1.  Baseline characteristics 

Characteristic Routine PICC (n=29) Usual IV access (n=28) p-value

Age, mean (range, yr) 66.2 (49-85) 70.1 (58-87) 0.058
Sex   
    Male 24 (83) 21 (75) 0.530
    Female 5 (17) 7 (25) 
Primary cancer type   
    Gastrointestinal 1 (3) 3 (11) 0.738
    Hepatobiliary, pancreas 17 (59) 12 (43) 
    Lung 2 (7) 2 (7) 
    Genitourinary 6 (21) 8 (29) 
    Sarcoma 3 (10) 2 (7) 
    Melanoma 0 ( 1 (4) 
Prior curative treatment   
    Initially metastatic 23 (79) 19 (68) 0.379
    Recurrent  6 (21) 9 (32) 
ECOG performance scale   
    2 6 (21) 4 (14) 0.874
    3 16 (55) 17 (61) 
    4 7 (24) 7 (25) 
sPPI, mean (95% CI) 7.0 (5.8-8.1) 7.6 (6.2-9.1) 0.505
Infectious status   
    None 26 (90) 25 (89) > 0.99
    Previous bacteremiaa) 3 (10) 3 (11) 
Previous central venous access   
    None 24 (83) 22 (79) 0.458
    PICC 1 (3) 1 (4) 
    Chemo-port 1 (3) 4 (14) 
    CVC (jugular or subclavian) 3 (10) 1 (4) 

Values are presented as number (%) unless otherwise indicated. CI, confidence interval; CVC, central venous catheter; ECOG, Eastern 
Cooperative Oncology Group; IV, intravenous; PICC, peripherally inserted central catheter; sPPI, Simplified Palliative Prognostic Index.  
a)History of bacteremia within 1 months.
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PICC arm (27/29, 93.1%) was similar to that in the usual IV 
arm (26/28, 92.8%, p=0.958) (Table 2).

In the 44 PICC insertion cases, the mean time from admis-
sion to the HPC unit to PICC insertion was 0.84 days (range, 
0 to 3 days) in the routine PICC arm and 8.65 days (range, 
6 to 18 days) in the usual IV arm. PICCs were successfully  

inserted in all patients without immediate catastrophic 
complications. Procedure-related distress was mostly “not 
distressing” (76% in routine PICC group, 87% in usual IV 
group) or “a little distressing” (17% vs. 13%) in both arms. 
The median catheter life span was 16.0 days (95% confidence 
interval [CI], 8.5 to 23.5) in the routine PICC arm and 8.0 days 
(95% CI, 4.5 to 11.5) in the usual IV arm (Table 3). With medi-
an follow-up duration of 55.0 days (95% CI, 31.1 to 78.8), the 
median overall survival from admission to death was 16.0 
days (95% CI, 10.7 to 21.3) in the routine PICC arm and 15.6 
days (95% CI, 13.5 to 16.5) in the usual IV access arm (Fig. 2).

3. Patients perceived satisfaction 
Regarding satisfaction with IV access on day 5 of study 

enrollment, patient-reported comfort levels were as follows 
in the routine PICC arm: much comfort (n=14, 48%) and a 
little comfort (n=14, 48%), with most patients (96%) report-
ing favorable satisfaction. In the usual IV arm, only 7% and 
14% of patients reported much comfort and a little comfort, 
respectively, while 50% of patients reported no change and 
25% reported a little discomfort. The routine PICC access 
group reported significantly better comport compared to the 
usual IV access group (p < 0.001). Among the 15 patients who 
actually underwent PICC in the usual IV arm, all answered 

Table 2.  Results of IV access

 Routine Usual IV 
Characteristic PICC access p-value
 (n=29) (n=28)

Peripheral IV maintenance NA 11
PICC insertion faileda) 0 2 
Causes of PICC removalb) 29 15 
    Deaths 23 13 
    Transfer to another hospital 4 2 
    Self-removal 2 0 
IV maintenance success rate (%) 93.1 92.8 0.958

IV, intravenous; NA, not applicable; PICC, peripherally inserted 
central catheter. a)PICC insertion is impossible due to systemic 
conditions or coagulopathy, despite the need of PICC insertion,  
b)Identify the cause of PICC removal among people who have  
actually undergone PICC.

Table 3.  Results of PICC (n=44a))

Characteristic Routine PICC (n=29) Usual IV access (n=15) p-value

Time to PICC insertion (day) 0.84 (0-3) 8.65 (6-18) < 0.001
Complication at the time of insertion   
    None 21 (72) 12 (80) 0.722
    Bleeding 8 (28) 3 (20) 
    Arterial puncture 0 ( 0 ( 
    Hemothorax/Pneumothorax 0 ( 0 ( 
Utilization of PICCb)   
    TPN 27 (93) 14 (93) > 0.99
    Simple hydration 23 (79) 14 (93) 
    Parenteral administration of medication  29 (100) 15 (100) 
    Blood product transfusion 5 (17) 2 (13) 
Procedure-related distress   
    None distress 22 (76) 13 (87) 0.848
    A little distress 5 (17) 2 (13) 
    Distress 2 (7) 0 ( 
Results of PICC removal   
    Deaths 24 (83) 13 (87) 0.839
    Self-removal 2 (7) 0 ( 
    Discharge 0 ( 0 ( 
    Transfer to another hospital 3 (10) 2 (13) 
PICC life span (day) 16.0 (7-60) 8.0 (1-34) 0.038
Values are presented as mean (range) or number (%). IV, intravenous; PICC, peripherally inserted central catheter; TPN, total parenteral 
nutrition. a)Patients who actually performed PICC in both groups, b)Allow duplicate selection.



that they were more comfortable with IV access after PICC 
insertion (Table 4).

4. Complications and removal of PICC
Nine complications (28%, 14.1/1,000 PICC days) occurred 

in the routine PICC arm, while six complications (40%, 
33.9/1,000 PICC days) occurred in the usual IV access arm. 
The most frequently documented complication was bleed-
ing in nine cases, followed by feeling of irritation and self-

removal in two cases. Cases with bleeding were only trivial 
bleeding and were resolved by simple compression (Table 5). 
The mean time from PICC insertion to complication occur-
rence was 21.2 days (range, 3 to 57 days), except for bleed-
ing complications which mostly occurred immediately after 
PICC insertion (mean, 2.2 days; range 1 to 8 days). There was 
no PICC complication-related death. Among the 36 cases 
(routine PICC arm, 23 cases; usual IV access arm, 15 cases) 
in whom PICCs remained positioned until death, the cath-
eter tip was cultured in 18 cases and 10 cases, respectively. 
One case (6%) in the routine PICC arm had positive tip cul-
ture results, and the pathogen was Staphylococcus aureus. The 
patient was started on palliative sedation with intractable 
dyspnea due to cancer progression on day 52 of PICC inser-
tion, and fever occurred on day 57. The clinicians focused on 
symptom control rather than the additional work-up consid-
ering systemic conditions, and the patient died on day 60. 
We concluded a diagnosis of CRBSI based on clinical data, 
although the patient did not fulfill definitive criteria.

Discussion

The current study showed effectiveness and safety of rou-
tine PICC insertion at the time of hospitalization for HPC,  
because routine initial PICC insertion does not increase 
complications compared to the usual IV access (i.e., delayed 
PICC) and has a similar IV maintenance success rate. Addi-
tionally, patient-perceived satisfactions in the routine PICC 
arm was significantly more favorable than that in the usual 
IV access arm. Thus, this study showed that PICC could be 
routinely inserted at admission to the HPC unit in terminally 
ill cancer patients, considering their poor general conditions 
and limited period of survival.

Even though PICC insertion was performed routinely at 
the time of hospitalization, it was maintained at 90% or high-
er until the intended time, and these values were not differ-
ent from those of the usual IV access arm. This is in line with 
the good PICC performance observed in terminally ill cancer 
patients in our previous study [7]. On the other hand, one 
case of CRBSI (day 57) and two cases of self-removal (days 
8 and 34), which can lead to premature removal, occurred 
only in the routine PICC group. This suggests increased risk 
of routine PICC insertion-related complications according 
to longer dwelling time of PICC, based on previous studies 
showing that increases in the maintaining period of PICC 
were correlated with higher incidence of complications [9]. 
However, even in the routine PICC group, the probability 
of CRBSI or premature removal was very low compared 
to those in previous studies investigating PICC [9,11,12].  
Another important finding was that the routine PICC group 

Fig. 2.  Overall survival according to intravenous access. IV,  
intravenous; PICC, peripherally inserted central catheter.
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Table 4.  Patient-reported satisfaction about intravenous access

 Routine Usual IV 
Characteristic PICC access p-value
 (n=29) (n=28)

Satisfaction of intravenous    < 0.001
  access at day 5 of study enroll 
    Much comfort 14 (48) 2 (7)
    A little comfort 14 (48) 3 (14)
    Neutral 1 (3) 15 (50)
    A little discomfort 0 ( 7 (25)
    Much discomfort 0 ( 0 (
    NA 0 ( 1 (4)a)

Satisfaction of IV access at 
  day 5 after PICC insertb)  
    Neutral → Much comfort - 6 (40)
    Neutral → A little comfort - 5 (34)
    A little discomfort  - 2 (13)
      → Much comfort 
    A little discomfort - 2 (13) 
      → A little comfort  

Values are presented as number (%). IV, intravenous; NA, not 
applicable; PICC, peripherally inserted central catheter. a)The 
patients was showed deteriorated consciousness at 5th days of 
study enroll, b)Fifteen patients who underwent PICC among gen-
eral IV access arm were checked.
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showed significant patient’s perceived satisfaction with  
respect to IV access compared to the usual IV access. This 
is an expected result considering that peripheral IV access 
is often difficult in HPC patients who are elderly or have  
undergone repeated puncture for long periods of time. Con-
sidering the excellent maintenance success rate of PICC,  
patient satisfaction with routine PICC, and the comprehen-
sive goal of HPC being focus on patient quality of life, the IV 
access strategy using routine PICC at the admission of HPC 
unit could be effective.

As in our previous studies [7], the current study showed a 
PICC success rate of 100%, and there were no serious proce-
dure-related complications during PICC insertion. Addition-
ally, PICC insertion-related distress was trivial in both study 
arms. These favorable results may be due to the performance 
of all procedures by experienced interventional radiologists 
using radiologic guidance; therefore, a superior success rate 
and safety [12-14]. The success rate and safety at the time of 
PICC insertion are important in terminally ill cancer patients 
because they are in poor general status and vulnerable to 
trivial damage. Our results strongly support the benefits of 
early PICC insertion.

In this study, there were significantly fewer PICC-related 
complications than in previous studies [9,11-14]. The reasons 
are presumed to the following characteristics of the current 
study; PICC insertion was performed by an experienced  
radiologist using ultrasound guidance or fluoroscopic  
imaging under strict sterile conditions rather than by bed-
side blind insertion, patients with hematologic malignancies 
associated with relatively high risk of adverse events were 
excluded, and strict PICC management and monitoring  
related to the characteristics of the prospective trial. Above 
all, considering that the mean time to occurrence of compli-
cations was 21.2 days, the limited life span of terminally ill 
cancer patients in the HPC (mean survival, 22.2 days) would 

be a major explanation of lack of complication. Therefore, 
our results suggest that routine PICC should be applied  
under strict PICC management can be performed in termi-
nally ill cancer patients with limited lifespans.

The major limitation of this study was possibility of bias 
due to its nature as a clinical audit study and relatively small 
sample size single-center study. First, the measurement tool 
for assessing patient satisfaction by a study coordinator may 
result in an underestimation of patient-reported distress and 
overestimation of patient-reported usefulness. Nevertheless, 
we tried to minimize physician bias by including outcome 
evaluations conducted by another team’s independent rater. 
Second, the sample size may not be sufficient to represent 
actual complication rates. Moreover, tip cultures were not 
obtained for all cases, and detailed evaluations were limited 
due to the poor general performance of terminally ill cancer 
patients. Therefore, considering the relatively small sample 
size, single center, limited survival duration, and proce-
dure performed by interventional radiologists, the current 
study results need cautious generalization for overall HPC  
patients. The routine PICC could be considered in terminally 
ill cancer patients with limited lifespans under hospital set-
tings where PICC insertion and management can be appro-
priately performed. 

Despite these limitations, this study was the first ran-
domized phase II study of PICC in terminally ill cancer  
patients using an active comparator. The study showed that 
more than 90% of routine PICC-inserted patients maintained 
the PICC with function until the intended time, and 97%  
reported satisfaction with IV access compared to 21% of 
satisfaction with usual IV access. Considering the character-
istics of terminally ill cancer patients, such as poor general 
condition and limited period of survival, initial PICC inser-
tion at the time of admission to the HPC is a safe and useful 
option for IV access.

Table 5.  PICC-related adverse events

                                                           Routine PICC arm (n=29)                                  Usual IV access arm (n=15)

 No. (%) Rate (per 1,000 PICC days) No. (%) Rate (per 1,000 PICC days)

No complication 21 (72)   10 (67)
Complicationa)    
    CRBSI 1 (3) 1.6 0 ( 0
    Intra-catheter thrombosis 0 ( 0 0 ( 0
    Thrombophlebitis 0 ( 0 ( 0 ( 0
    Bleeding 5 (17) 7.8 4 (27) 22.6
    Feeling of irritation 1 (3) 1.6 2 (13) 11.3
    Self-removal 2 (7) 3.1 0 ( 0

Values are presented as number (%). CRBSI, catheter-related blood stream infection; IV, intravenous; PICC, peripherally inserted central 
catheter. a)Separate record for complications occurring more than 2 times per patient.



In conclusion, routine PICC insertion in terminally ill 
cancer patients showed comparable safety and efficacy and 
superior satisfaction compared with usual IV access. Thus, 
routine PICC insertion could be considered at admission to 
the HPC unit.

Ethical Statement
Written informed consent was obtained from all patients or their prox-
ies. This study was approved by the institutional review board (05-
2016-148) and registered at ClinicalTrials.gov (NCT03299868).

Author Contributions
Conceived and designed the analysis: Park K.
Collected the data: Park EJ, Park K, Kim JJ, Oh SB, Jung KS, Oh SY, 

Hong YJ, Kim JH, Jang JY, Jeon UB.
Contributed data or analysis tools: Park EJ, Park K, Kim JJ, Jung KS.
Performed the analysis: Park K, Oh SB, Oh SY.
Wrote the paper: Park EJ, Park K, Hong YJ.
PICC procedure: Kim JH, Jang JY, Jeon UB.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This study was supported by Research Institute for Convergence 
of biomedical science and technology Grant (30-2017-004), Pusan 
National University Yangsan Hospital.

1.  Cleeland CS. Cancer-related symptoms. Semin Radiat Oncol. 
2000;10:175-90.

2.  Walshe LJ, Malak SF, Eagan J, Sepkowitz KA. Complication 
rates among cancer patients with peripherally inserted cen-
tral catheters. J Clin Oncol. 2002;20:3276-81.

3.  Ng PK, Ault MJ, Ellrodt AG, Maldonado L. Peripherally  
inserted central catheters in general medicine. Mayo Clin 
Proc. 1997;72:225-33.

4.  Lundh Hagelin C, Seiger A, Furst CJ. Quality of life in ter-
minal care: with special reference to age, gender and marital 
status. Support Care Cancer. 2006;14:320-8.

5.  Lee GJ, Ahn HS, Go SE, Kim JH, Seo MW, Kang SH, et al.  
Patient’s factors at entering hospice affecting length of sur-
vival in a hospice center. Cancer Res Treat. 2015;47:1-8.

6.  Llobera J, Esteva M, Rifa J, Benito E, Terrasa J, Rojas C, et al. 
Terminal cancer. duration and prediction of survival time. 
Eur J Cancer. 2000;36:2036-43.

7.  Park K, Jun HJ, Oh SY. Safety, efficacy, and patient-perceived 
satisfaction of peripherally inserted central catheters in ter-
minally ill cancer patients: a prospective multicenter observa-
tional study. Support Care Cancer. 2016;24:4987-92.

8.  Park K, Lim HG, Hong JY, Song H. Safety and efficacy of  
peripherally inserted central catheters in terminally Ill can-

cer patients: single institute experience. Korean J Hosp Palliat 
Care. 2014;17:179-84.

9.  Yamada R, Morita T, Yashiro E, Otani H, Amano K, Tei Y, et 
al. Patient-reported usefulness of peripherally inserted cen-
tral venous catheters in terminally ill cancer patients. J Pain 
Symptom Manage. 2010;40:60-6.

10.   McGee DC, Gould MK. Preventing complications of central 
venous catheterization. N Engl J Med. 2003;348:1123-33.

11.  Gunst M, Matsushima K, Vanek S, Gunst R, Shafi S, Fran-
kel H. Peripherally inserted central catheters may lower 
the incidence of catheter-related blood stream infections in  
patients in surgical intensive care units. Surg Infect (Larch-
mt). 2011;12:279-82.

12.  Cheong K, Perry D, Karapetis C, Koczwara B. High rate of 
complications associated with peripherally inserted central 
venous catheters in patients with solid tumours. Intern Med 
J. 2004;34:234-8.

13.  Yap YS, Karapetis C, Lerose S, Iyer S, Koczwara B. Reducing 
the risk of peripherally inserted central catheter line com-
plications in the oncology setting. Eur J Cancer Care (Engl). 
2006;15:342-7.

14.  Mermel LA. Prevention of intravascular catheter-related  
infections. Ann Intern Med. 2000;132:391-402.

References

Cancer Res Treat. 2021;53(3):881-888

888     CANCER  RESEARCH  AND  TREATMENT



     889│ https://www.e-crt.org │ Copyright ⓒ 2021    by  the Korean Cancer Association
  This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

On the base of the 2016 World Health Organization, mye-
loid/lymphoid neoplasms with eosinophilia are commonly 
related to rearrangements of PDGFRA, PDGFRB, or FGFR1, 
or PCM1-JAK2 fusion gene [1]. The PDGFRB gene translo-
cation is one of the most chromosomal aberrant in myeloid 
neoplasms associated with eosinophil [2], high results in the 
fusion of the 3′ kinase domain of PDGFRB to a 5′ region of the 
partner gene. So far more than 70 PDGFRB fusions have been 
reported, mostly reported in single case. Imatinib mesylate 
function as a tyrosine kinase inhibitor which can potently  
inhibit ABL kinase, which is equally against PDGFRB kinase, 
even at a low concentration [3-5]. Most of the patients with 
PDGFRB fusions show an outstanding long-term response to 
imatinib treatment at sub-micromolar concentrations [6].

Casein kinase II (CK2) is ubiquitously expressed, consti-
tutively active serine/threonine protein kinase, which was  
involved in various cellular processes, including cell growth, 
survival, apoptosis, and circadian rhythm [7]. CK2 upregu-
lated in a lot of malignancies including hematological can-
cers [8]. The CK2 tetramer consists of two catalytic CK2α and 
CK2α’ subunits, as well as two regulatory CK2β subunits, 
with the composed patterns of α2β2, α’2β2 or αα’β2. CK2α was 
encoded by CSNK2A1 gene (casein kinase II subunit α), which 

was predominantly studied likely because of its ubiquitous 
nature. But CK2α’ expressed varied, particularly in brain [9]. 
All domains of CK2α are highly conserved throughout evo-
lution, but CK2 has low homology with other kinases [10]. 
In addition, CK2α knock out mice are lethal at E11 with mul-
tiple embryonic alterations [11]. Therefore, the importance 
and uniqueness of CK2α were highlighted. Here, we reported 
a new fusion gene involving PDGFRB and CSNK2A1 in a  
patient with myeloproliferative neoplasm (MPN), who is  
extremely sensitive to imatinib mesy-late treatment. So far, 
this is the first report on the involvement of CSNK2A1 in  
fusion genes in cancers.

Case Report
 

A 37-year-old man was admitted to local hospital with 
weight loss, night sweat, repeating fever for a week in April 
2018. The patient’s initial laboratory examination showed 
that leukocyte count was 12.48×109/L with 37% eosinophilia 
in the peripheral blood, hemoglobin concentration was 127 
g/L and platelet count was 146×109/L. The initial bone mar-
row (BM) aspirates and biopsy showed hyper leukocytes 
and significantly increased eosinophils (8%), and neutrophil 
alkaline phosphatase score was 18 (Fig. 1A and B). Above all, 
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these inspections were consistent with a diagnosis of MPN. 
Then the patient was administrated with 20 mg prednisone 
per day, but it showed no any effect with white blood cell 
(WBC) 15.1×109/L, hemoglobin 108 g/L, platelet 114×109/L, 
eosinophils 5.13×109/L (33.91%) in peripheral blood.

The suite of fluorescence in situ hybridization (FISH)  
assay on the BM aspirate was used to detect BCR-ABL, 
PDGFRA, PDGFRB, and FGFR1 rearrangement. MPN FISH  
assay showed PDGFRB arrangement positive. The karyo-
type analysis of BM cells showed 46,XY[20]. 

Patient’s RNA was extracted from BM cell by Trizol meth-
ods according to the manufacturer’s protocol (Invitrogen, 
Waltham, MA) for RNA-sequencing (RNA-seq) in July 2018. 
RNA quality and concentration were estimated by Nano 
Drop ND-2000 (Thermo Fisher Scientific, Waltham, MA). 
Paired-end reads were generated from the complemen-
tary DNA (cDNA) libraries using an Illumina Next Seq 550  
instrument (Illumina, San Diego, CA). Then we used star-
fusion software to analyze the RNA-seq raw data [12] (Sup-
plementary Material). Standard settings were applied for all 

Fig. 1.  Identification of novel CSNK2A1-PDGFRB fusions. (A) May-Grünwald-Giemsa staining showing several abnormal eosinophilia 
in the diagnostic bone marrow aspirate. (B) PDGFRB was stained in bone marrow of patient using immunohistochemistry. (C) Sanger 
sequencing revealed the fusion between exon 4 of the CSNK2A1 gene (NM_177559.3) and exon 12 of the PDGFRB gene (NM_002609.4). 
(D) Fusion model of CSNK2A1-PDGFRB are shown. (E) Immunoblot analysis show CSNK2A1-PDGFRB is constitutively activated and is 
inhibited by imatinib in a concentration-dependent manner. AM, ATP binding domain; B, CK2B subunit binding domain; IMA, imatinib; 
JM, juxtamembrane domain; PM, polypeptide binding domain; TK, tyrosine kinase domain; TM, transmembrane domain.
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three tools and reads were aligned to the Genome Reference  
Consortium Human Build 37 (GRCh37). RNA-seq revealed 
that PDGFRB fused with CSNK2A1 gene. To confirm the 
fusion, reverse transcription–polymerase chain reaction 
(RT-PCR) was performed with CSNK2A1-PDGFRB forward 
primer: 5′-GTGCCAAGCAGGGCCAGAGT-3′, reverse prim-
er 5′-AGGGTGCGTCCCAGCACAAG-3′. The reciprocal 
PDGFRB-CSNK2A1 fusion forward primer: 5′-TCAGAGCT-
GACACTGGTTCG-3′, reverse primer: 5′-GATGTTGGGAC-
CTCCTCTCAA-3′. The PCR products was purified with PCR 
purification kit (Tiangen, Beijing, China) and sequenced by 
GENEWIZ Biotechnology Co., Ltd. (Suzhou, Jiangsu, China). 
The sequence was analyzed using the BLAST program (htt-
ps://blast.ncbi.nlm.nih.gov/Blast).

Given the existence of PDGFRB fusion, he received imatin-
ib therapy with 200 mg every day orally in September 2018. 
Two months later, the laboratory examination showed that 
WBC was 6.14×109/L with 2.8% eosinophilia in the periph-
eral blood (S1 Table). Finally, real-time quantitative reverse 
transcription PCR was performed to quantify the fusion gene 
and showed negative in 8 months after imatinib treatment. 
To date, the patient acquired sustained molecular complete 
remission for 2 years until the last follow-up.

 
Discussion

RNA targeted capture sequencing showed a fusion bet-
ween CSNK2A1 exon 4 (NM_177559.3) and PDGFRB exon 
12 (NM_002609.4), forming a novel fusion gene CSNK2A1-
PDGFRB. RT-PCR and Sanger sequencing has confirmed 
CSNK2A1-PDGFRB fusion transcripts (Fig. 1C). The recip-
rocal fusion transcript PDGFRB-CSNK2A1 was negative by  
detection of RT-PCR. To our knowledge, this is the first case 
on CSNK2A1 gene rearrangement in neoplasms, especially 
fusion with another kinase PDGFRB in hematological can-
cers. The fusion protein retained the transmembrane domain 
and the entire kinase domain of PDGFRB (Fig. 1D).

Whole cDNA in CSNK2A1-PDGFRB open reading frame 
was cloned and transduced to BaF3 cells. As a result, CSN-
K2A1-PDGFRB fusion protein is constitutively activated (Fig. 
1E, panel 5). In addition, incubation of BaF3 cells transduced 
with CSNK2A1-PDGFRB with imatinib for 4 hours caused 
a concentration-dependent decrease of CSNK2A1-PDGFRB 
protein (Fig. 1E). The result suggested that imatinib might 
induce the degradation of PDGFRB fusion protein besides 
inhibition of its activation. 

It is well known that dimerization results in activation of 
PDGFRB and its down signaling play a vital role in mitogen-
esis, cytoskeletal rearrangements, and chemotaxis [13]. Most 
partners have coiled-coil domains, which are required for  

dimerization or oligomerization of PDGFRB fusions. How-
ever, there is no coiled-coil motif in CK2α. In addition, lacking 
transmembrane domain or disrupting the WW-like domain 
in juxta membrane region of PDGFRB may also play a role 
in PDGFRB kinase activation and transformation properties. 
However, the fusion protein retained the transmembrane  
domain of PDGFRB. So that, there may be another unknown 
way to active kinase region of PDGFRB. Notably, CK2α 
harbored several regions referred to polypeptide binding  
domain and CK2β binding domain, which were retained in 
the CSNK2A1-PDGFRB fusion, and may be associated with 
dimerization or oligomerization of the CSNK2A1-PDGFRB 
fusion. Indeed, the kinase domain of CSNK2A1-PDGFRB was 
constitutively activated as shown in Fig. 1E and the patient 
with CSNK2A1-PDGFRB was sensitive to imatinib treatment.

Totally, we have identified a novel PDGFRB fusion gene 
with CK2α in an MPN by RNA-seq, which was extremely 
sensitive to imatinib. To our knowledge, it is the first report 
to find a CK2α rearrangement in neoplasm, especially fusion 
with another kinase PDGFRB in MPN. 
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While revising our manuscript according to the reviewers’ comments, we changed the data of five cells in Table 3. Among 
these, three changes were made correctly, while two were by our careless mistake. The correct numbers should have been 14 
(8.7%) instead of 14 (5.4%) in the cell of “multiple route” and “ENE(+)”, and 0.031 instead of 0.168 in the of “multiple route” and  
“p-value”, respectively. Based on this, one sentence at the end of “Results” section (5. Recurrence patterns according to tumor 
location and ENE status) needs to be rephrased as below.

Original: “In rectal cancer patients, however, LN and multiple route recurrences (e.g., hematogenous and LN, or hematog-
enous and peritoneal seeding) were significantly more frequent in ENE-positive than in ENE-negative patients (Table 3).”

Corrected: “In rectal cancer patients, however, multiple route recurrence (e.g., hematogenous and LN, or hematogenous and 
peritoneal seeding) was significantly more frequent in ENE-positive than in ENE-negative patients (Table 3).”

We deeply apologize for our careless mistakes that have caused confusion to the readers of this article. Furthermore, we sin-
cerely appreciate Professor Jeonghyun Kang (Department of Surgery, Gangnam Severance Hospital, Yonsei University College 
of Medicine), who pointed out our mistakes to the editors of Cancer Research and Treatment.

*DOI of original article: https://doi.org/10.4143/crt.2018.392
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