
│ https://www.e-crt.org │688 Copyright  2024   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.

Original Article

Cancer Res Treat. 2024;56(2):688-696

Purpose  This study aims to investigate the diagnostic significance of positron emission tomography/computed tomography (PET/
CT) in assessing bone marrow (BM) involvement through a comparison of PET/CT findings with BM biopsy in extranodal natural killer 
/T-cell lymphoma.
Materials and Methods  The medical records of 193 patients were retrospectively reviewed. Patients were categorized as having ear-
ly-stage (PET-ES) or advanced-stage (PET-AS) disease based on PET/CT results. The BM involvement was classified into three groups 
according to BM biopsy: gross BM involvement, minimal BM involvement (defined as the presence of a limited number of Epstein-Barr 
virus–positive cells in BM), and no involvement. Calculations of the accuracy of PET/CT in detecting BM involvement and analysis of 
the clinical outcomes (progression-free survival [PFS] and overall survival [OS]) according to the BM biopsy status were performed.
Results  PET/CT exhibited a sensitivity of 64.7% and a specificity of 96.0% in detecting gross BM involvement. For detecting any (both 
gross and minimal) BM involvement, the sensitivity was 30.4%, while the specificity was 99.0%. Only one patient (0.7%) demonstrat-
ed gross BM involvement among the PET-ES group. Survival outcomes of the PET-ES group with minimal BM involvement (3-year PFS, 
55.6%; OS, 77.0%) were closer to those of the PET-ES group with no BM involvement (3-year PFS, 62.2%; OS, 80.6%) than to those of 
the PET-AS group (3-year PFS, 20.1%; OS, 29.9%).
Conclusion  PET/CT exhibits high specificity, but moderate and low sensitivity in detecting gross and minimal BM involvement, respec-
tively. The clinical significance of minimal BM involvement for patients in the PET-ES group may be limited.
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Introduction

Extranodal natural killer (NK)/T-cell lymphoma (ENKTL) 
is a subtype of Epstein-Barr virus (EBV)-positive NK/T-cell 
lymphoma. This disease entity was previously referred to as 
ENKTL, nasal-type. However, the most recent World Health 
Organization classification removed the qualifier “nasal-
type,” recognizing that this disease can manifest in extran-
odal sites beyond the nasal area [1]. Approximately 80% 
of ENKTL cases manifest in the upper aerodigestive tract, 
including the nasal cavity, nasopharynx, oropharynx, and 
Waldeyer’s ring. Additional primary sites comprise the skin, 
testis, gastrointestinal tracts, muscle, and salivary glands [2]. 
Geographic disparities exist in the prevalence of ENKTL. 

The International Non-Hodgkin Lymphoma Classification 
Project reports that ENKTL accounts for 3.0% and 5.2% of 
diagnosed non-Hodgkin lymphoma cases in Central/South 
America and East Asia, respectively, but only 0.3% in North 
America and Western Europe [3].

The treatment strategy for ENKTL varies between the 
early stage (stage I-II) and advanced stage (stage III-IV) of 
the disease [4]. The treatment of early-stage ENKTL involves 
a combination of radiation therapy and chemotherapy. The 
inclusion of radiation therapy is crucial for early-stage ENK-
TL as it has been associated with improved locoregional con-
trol and survival [5,6]. In contrast, advanced-stage disease is 
primarily managed with chemotherapy. Consequently, an 
accurate evaluation of the disease extent for staging holds 
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paramount importance in treatment decisions. As bone 
marrow (BM) is often involved by lymphoma, evaluating 
BM involvement plays a pivotal role in lymphoma staging. 
Additionally, positron emission tomography/computed 
tomography (PET/CT) stands out as an effective method to 
assess the extent of the disease for ENKTL [7,8]. Currently, 
routine PET/CT scans are recommended for newly diag-
nosed ENKTL patients [9,10]. While BM biopsy remains the 
standard method for diagnosing BM involvement, its clinical 
significance is challenged by PET/CT in other types of lym-
phomas, such as diffuse large B-cell lymphoma and Hodgkin 
lymphoma [11,12]. However, in the context of ENKTL, the 
diagnostic efficacy of PET/CT for BM involvement hasn’t 
been definitively established. Multiple retrospective series 
have evaluated the accuracy of PET/CT in detecting BM 
involvement when compared to BM biopsy. The results in 
these studies have exhibited certain discrepancies [13-17]. 
This study aims to investigate the diagnostic significance of 
PET/CT in assessing BM involvement through a comparison 
of PET/CT findings with BM biopsy results in ENKTL. This 
research is undertaken through multi-institutional collabo-
ration, initiated by the Korean Radiation Oncology Group 
(KROG).

Materials and Methods

1. Patient population and diagnostic procedures
The medical records of patients diagnosed with ENKTL 

in five institutions from 2008 to 2017 were retrospectively 
reviewed. All enrolled patients underwent staging using 
PET/CT and BM biopsy. Patients with relapsed disease or 
other types of EBV+ NK/T-cell lymphoma, such as nodal 
NK/T-cell lymphoma or NK-cell leukemia, were excluded 
from the study. Diagnosis was based on the World Health 
Organization classification of hematolymphoid tumors [1]. 
The diagnostic procedure involved a comprehensive assess-
ment, including medical history, endoscopic examination of 
the upper aerodigestive tract, CT and/or magnetic resonance 
imaging scans of involved sites, PET/CT scans, and BM biop-
sy. Treatment plans were determined at the discretion of the 
treating clinicians at each institution. Generally, patients with 
early-stage disease received treatment regimens incorporat-
ing radiation therapy or concurrent chemoradiation therapy, 
with or without induction/adjuvant chemotherapy. Howev-
er, some patients who were deemed unsuitable for high-dose 
radiation therapy underwent chemotherapy alone. Patients 
with advanced-stage disease were primarily treated with 
chemotherapy, and radiation therapy was selectively admin-
istered to certain patients. There was no consensus for a lim-
ited number of EBV+ cells in BM to consider as BM involve-

ment or not, but in most cases, patients classified as early 
stage by PET/CT with a limited number of EBV+ cells in BM 
received definitive radiation or concurrent chemoradiation.

BM biopsy was conducted on the unilateral or bilateral 
iliac crest, involving both marrow aspirate and trephine 
biopsy. During the time of diagnosis, hematopathologists at 
each institution identified BM involvement of the lymphoma 
based on morphology and immunohistochemistry. The BM 
biopsy reports were meticulously reviewed for the purpose 
of this analysis. Gross BM involvement was defined as mor-
phologically evident lymphoma involvement in the BM, or 
the presence of EBV+ cells in the BM that were also verified 
to be of NK cell origin (for instance, CD56+). Minimal BM 
involvement was defined as the presence of a limited num-
ber of EBV+ cells within the BM, as detected by Epstein-Barr 
encoding region in situ hybridization (EBER-ISH). In these 
cases, the cell count was insufficient for carrying out addi-
tional immunohistochemistry to confirm the disease, and 
there was no distinct morphological evidence of BM involve-
ment. As not all included patients underwent EBER-ISH, the 
actual BM involvement status of the patients was catego-
rized into four groups: gross BM involvement, minimal BM 
involvement, grossly negative without available EBER-ISH, 
and no involvement.

18F-fluorodeoxyglucose (FDG) PET/CT was performed for 
all patients included in the study. The PET/CT scans, along 
with their corresponding reports drafted by nuclear radiolo-
gists at each institution during the time of diagnosis, were 
subject to review for the purpose of this investigation. Any 
focal and/or diffuse FDG uptake surpassing the normal liv-
er uptake in the bone or BM, without any other suspected 
source of such uptake, was categorized as a positive finding.

2. Endpoints and statistical analysis
Initially, patients were staged according to the PET/CT 

results, utilizing the Lugano classification [18], with no con-
sideration of the BM biopsy. Patients in stages I-II were cat-
egorized as having early-stage disease (PET-ES group), while 
those in stages III-IV were considered to have advanced-stage 
disease (PET-AS group). The characteristics of the patients 
and their BM involvement status were then compared 
between the PET-ES and PET-AS groups. For all patients, the 
sensitivity and specificity of PET/CT in detecting cases with 
gross BM involvement were calculated. Additionally, sensi-
tivity and specificity for identifying any form of BM involve-
ment (including both gross and minimal involvement) were 
calculated, with the exclusion of patients exhibiting grossly 
negative BM status without available EBER-ISH.

To assess the clinical implications of minimal BM involve-
ment, patients were once again classified into three distinct 
groups: PET-AS group, PET-ES group with no BM involve-
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Table 1.  Patient characteristics

Characteristic 
Early stage by Advanced stage by   

p-value
 PET/CT (n=135) PET/CT (n=58)

Age (yr) 51 (17-82) 49 (17-75) 0.307
Sex   
    Male 88 (65.2) 35 (60.3) 0.633
    Female 47 (34.8) 23 (39.7) 
ECOG performance status at diagnosis   
    0 57 (42.2) 17 (29.3) 0.006a)

    1 69 (51.1) 27 (46.6) 
    2 4 (3.0) 8 (13.8) 
    3 3 (2.2) 2 (3.4) 
    4 0 ( 2 (3.4) 
    Not reported 2 (1.5) 2 (3.4) 
Primary site   
    Upper aerodigestive tract 127 (94.1) 36 (62.1) < 0.001
    Others 8 (5.9)b) 22 (37.9)c) 
IPI score   
    0 40 (29.6) 0 ( < 0.001a)

    1 49 (36.3) 0 ( 
    2 24 (17.8) 10 (17.2) 
    3 14 (10.4) 28 (48.3) 
    4 4 (3.0) 17 (29.3) 
    5 1 (0.7) 2 (3.4) 
    Not reported 3 (2.2) 1 (1.7) 
B symptom 32 (23.7) 29 (50.0) 0.001
BM involvement detected by PET/CT 0 ( 18 (31.0) < 0.001
BM biopsy method   
    Unilateral 27 (20.0) 11 (19.0) > 0.99a)

    Bilateral 106 (78.5) 46 (79.3) 
    Not reported 2 (1.5) 1 (1.7) 
BM biopsy status   
    Gross BM involvement 1 (0.7) 16 (27.6) < 0.001
    Minimal BM involvement 18 (13.3) 11 (19.0) 
    Grossly negative, EBER-ISH not available 37 (27.4) 12 (20.7) 
    No involvement 79 (58.5) 19 (32.8) 
Treatment scheme   
    Concurrent chemoradiation alone 12 (8.9) 0 ( < 0.001
    Concurrent chemoradiation followed by chemotherapy 81 (60.0) 1 (1.7) 
    Induction chemotherapy followed by radiation 16 (11.9) 1 (1.7) 
    Induction chemotherapy followed by concurrent chemoradiation 5 (4.4) 2 (3.4) 
    Radiation alone 2 (1.5) 0 ( 
    Chemotherapy alone 15 (11.1) 50 (86.2) 
    Others 3 (2.2) 4 (6.9) 
Values are presented as median (range) or number (%). BM, bone marrow; EBER-ISH, Epstein-Barr encoding region in situ hybridiza-
tion; ECOG, Eastern Cooperative Oncology Group; IPI, international prognostic index; PET/CT, positron emission tomography/computed 
tomography. a)Calculated excluding patients whose values were not reported, b)Including gastrointestinal tract (n=5), skin and soft tissue 
(n=2), and salivary gland (n=1), c)Including skin and soft tissue (n=11), gastrointestinal tract (n=7), testis (n=3), and unidentifiable (n=1).
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ment, and PET-ES group with minimal BM involvement. 
Patients in the PET-ES group with no available EBER-ISH 
results for BM biopsy or with gross BM involvement detect-
ed by BM biopsy were not included in this categorization. 
The comparison of progression-free survival (PFS) and over-
all survival (OS) was carried out among the three groups. 
The events for PFS were defined as any occurrence of dis-
ease progression or patient mortality. The events for OS were 
defined the death of a patient due to any cause. The calcu-
lation of PFS and OS was executed using the Kaplan-Meier 

method. The survival data of patients were retrieved from 
the resident registration system maintained by the Korean 
government whenever available. Statistical analysis was per-
formed by testing the differences in PFS and OS among the 
three groups using the log-rank test. Subsequently, a post-hoc 
analysis was conducted, adjusting the p-values using the 
Benjamini-Hochberg procedure [19].

Categorical variables were compared using chi-square test, 
and continuous variables were compared using the Student’s 
t test. A p-value less than 0.05 was defined as statistically sig-

Table 2.  Comparison of characteristics between patients with minimal BM involvement and those with no evidence of BM involvement 
among early-stage patients based on PET/CT

Characteristic 
Minimal BM  No BM    

p-value
 involvement (n=18) involvement (n=79)

Age (yr) 51 (26-76) 51 (17-82) 0.643
Sex   
    Male 12 (66.7) 50 (63.3) > 0.99
    Female 6 (33.3) 29 (36.7) 
ECOG performance status at diagnosis   
    0 6 (33.3) 33 (41.8) 0.576
    1 12 (66.7) 41 (51.9) 
    2 - 3 (3.8) 
    3 - 2 (2.5) 
Primary site   
    Upper aerodigestive tract 18 (100) 74 (93.7) 0.613
    Others 0 ( 5 (6.3) 
IPI score   
    0 3 (16.7) 25 (31.6) 0.772a)

    1 9 (50.0) 28 (35.4) 
    2 3 (16.7) 15 (19.0) 
    3 2 (11.1) 6 (7.6) 
    4 1 (5.6) 3 (3.8) 
    5 0 ( 1 (1.3) 
    Not reported 0 ( 1 (1.3) 
B symptom 4 (22.2) 19 (24.1) > 0.99
BM biopsy method   
    Unilateral 9 (50.0) 9 (11.4) 0.001a)

    Bilateral 9 (50.0) 69 (87.3) 
    Not reported 0 ( 1 (1.3) 
Treatment scheme   
    Concurrent chemoradiation alone 1 (5.6) 7 (8.9) 0.945
    Concurrent chemoradiation followed by chemotherapy 11 (61.1) 51 (64.6) 
    Induction chemotherapy followed by radiation 3 (16.7) 9 (11.4) 
    Induction chemotherapy followed by concurrent chemoradiation 1 (5.6) 4 (5.1) 
    Radiation alone 0 ( 1 (1.3) 
    Chemotherapy alone 2 (11.1) 5 (6.3) 
    Others 0 ( 2 (2.5) 
Values are presented as median (range) or number (%). BM, bone marrow; ECOG, Eastern Cooperative Oncology Group; IPI, international 
prognostic index; PET/CT, positron emission tomography/computed tomography. a)Calculated excluding patients whose values were not 
reported.
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nificant. All statistical analyses were conducted using the R 
software ver. 4.2.1 (The R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results

1. BM biopsy status and accuracy of PET/CT
A total of 193 patients were eligible. Based on PET/CT 

scans, 135 patients (69.9%) were classified as having an early 
stage (PET-ES group), and 58 patients (30.1%) were classified 
as having an advanced stage (PET-AS group). Patient char-
acteristics have been summarized in Table 1. In the PET-ES 
group, gross BM involvement was infrequent, with only one 
patient (0.7%) displaying involvement. In the BM biopsy 
specimen of this patient, 3.3% of cells in the specimen were 

confirmed to be both EBV+ and CD56+, leading to the cat-
egorization of this case as gross BM involvement. Among the 
remaining 134 patients, 97 (72.4%) had EBER-ISH performed 
on their BM biopsy specimens, and within this subset, 18 
patients (18.6%) were found to have minimal BM involve-
ment. No statistically significant differences in characteristics 
were observed between patients with minimal BM involve-
ment and those with no evidence of BM involvement, except 
for the BM biopsy method (Table 2). More patients with no 
BM involvement had BM biopsy performed on the bilateral 
iliac crest compared to those with minimal BM involvement 
(87.3% vs. 50.0%). Among 58 patients in the PET-AS group, 
16 patients (27.6%) exhibited gross BM involvement. Among 
the remaining 42 patients, EBER-ISH was performed on 
BM biopsy specimens for 30 patients (71.4%). Among these, 
11 patients (36.7%) were identified to have minimal BM 

Table 3.  BM biopsy status per BM involvement detected by PET/CT

 
Gross BM  Minimal BM    Grossly negative,   No 

BM biopsy status involvement involvement EBER-ISH not involvement
 (n=17) (n=29) available (n=49) (n=98)

BM involvement by PET/CT (n=18) 11 (64.7)   3 (10.3) 3 (6.1) 1 (1.0)
No BM involvement by PET/CT (n=175)   6 (35.3) 26 (89.7) 46 (93.9) 97 (99.0)
Values are presented as number (%). BM, bone marrow; EBER-ISH, Epstein-Barr encoding region in situ hybridization; PET/CT, positron 
emission tomography/computed tomography.
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involvement.
The BM biopsy status per BM involvement detected by 

PET/CT has been summarized in Table 3. Regarding the 
detection of gross BM involvement, PET/CT exhibited a sen-
sitivity of 64.7% (11 out of 17) and a specificity of 96.0% (169 
out of 176). In terms of detecting any form of BM involve-
ment (including both gross and minimal, while excluding 
those grossly negative without available EBER-ISH), the 
sensitivity was 30.4% (14 out of 46), and the specificity was 
99.0% (97 out of 98). In the PET-AS group, the sensitivity and 
specificity for detecting gross BM involvement were 68.8% 
(11 out of 16) and 83.3% (35 out of 42), respectively, and for 
any BM involvement, the sensitivity and specificity were 

51.9% (14 out of 27) and 94.7% (18 out of 19), respectively.
Four patients in the PET-AS group with suspected bone/

BM involvement in the PET/CT had either no available 
EBER-ISH results for BM specimen (n=3) or a negative BM 
biopsy result (n=1). Among these patients, two exhibited 
extranodal organ involvement both above and below the 
diaphragm, and the bone/BM involvement detected in the 
PET/CT did not affect the allocation to advanced-stage dis-
ease. The other two had involvement of the upper aerodiges-
tive tract, neck node, and focal bone involvement other than 
the hip bone.
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2. Comparison of clinical outcomes according to BM biop-
sy status

PFS and OS were analyzed in a cohort of 155 (80.3%) 
patients, excluding one patient (0.5%) with gross BM 
involvement and 37 patients (19.2%) without available 
EBER-ISH results among the PET-ES group. The median 
follow-up duration for these patients was 3.2 years (range, 
0.0 to 13.6 years). The actuarial rates of PFS and OS for the 
three patient groups have been depicted in Fig. 1. A signifi-
cant intergroup difference was observed for both PFS and OS 
among the three groups (both p < 0.001). Post-hoc analyses for 
PFS and OS revealed that the clinical outcomes of the PET-ES 
group with minimal BM involvement were closer to those of 
the PET-ES group with no BM involvement than to those of 
the PET-AS group. When clinical outcomes were compared 
according to BM biopsy status within each of the PET-ES and 
PET-AS groups, excluding one patient in the PET-ES group 
with gross BM involvement, no differences were observed in 
PFS and OS (Fig. 2).

Discussion

This study aimed to compare the assessment of BM invol-
vement in ENKTL using PET/CT and BM biopsy. PET/CT 
demonstrated a moderate sensitivity (64.7%) and high speci-
ficity (96.0%) in detecting gross BM involvement, as well as a 
low sensitivity (30.4%) and high specificity (99.0%) in detect-
ing any (gross and minimal) BM involvement. Gross BM 
involvement was rare (0.7%) among patients in the PET-ES 
group with minimal BM involvement was observed in 13.3% 
of the PET-ES group. Patients in the PET-ES group with mini-
mal BM involvement did not exhibit significant differences 
in clinical outcomes compared to those with no BM involve-
ment. 

A unique aspect of this study, distinguishing it from pre-
vious literature utilizing PET/CT, was the categorization 
of BM involvement into two distinct categories: gross BM 
involvement and minimal BM involvement. This classifica-
tion was designed to address the clinical challenge associ-
ated with suspicious BM involvement by a small number 
of EBV+ cells. Earlier retrospective studies on ENKTL have 
demonstrated that the presence of EBV+ cells in BM biopsy, 
detected through EBER-ISH, is linked with worse survival 
[20,21]. Building on these findings, the current National 
Comprehensive Cancer Network guideline for ENKTL 
advocates performing EBER-ISH for BM biopsies that are 
morphologically negative. In these cases, BM involvement is 
considered present if EBV+ cells are detected [10]. In prac-
tice, however, the execution of EBER-ISH in morphologi-
cally negative BM biopsies is often overlooked, as evidenced 

by the fact that EBER-ISH was not carried out in approxi-
mately 30% of grossly negative BM biopsy cases in this 
study. Furthermore, hematopathologists frequently grapple 
with uncertainty when a limited number of EBV+ cells are 
detected by EBER-ISH, as the exact origin of these cells often 
remains unknown. This ambiguity stems from the fact that 
EBV+ cells can be identified in patients without EBV-related 
malignancy [22,23]. In this study, patients classified as early 
stage by PET/CT with minimal BM involvement mainly 
received definitive radiation or concurrent chemoradiation. 
This was often due to treating clinicians in participating 
institutions of this study deeming it as early stage. Inter-
estingly, in contrast to prior studies [20,21], these patients 
did not exhibit a statistically significant difference in clini-
cal outcomes when compared to patients whose BM biopsy 
specimens were confirmed as negative through EBER-ISH. 
It is important to note that previous studies highlighting the 
clinical significance of EBV+ cells in BM biopsy did not spe-
cifically mention PET/CT as a diagnostic tool [20,21]. In this 
study, however, all patients underwent PET/CT as part of 
the staging work-up. This divergence in outcomes could be 
speculated to result from patients with minimal BM involve-
ment potentially comprising a mixed group—encompassing 
those with true positive BM involvement by lymphoma, as 
well as those with EBV+ reactive cells in the BM. Following 
the integration of PET/CT as a standard diagnostic tool, it is 
possible that the proportion of the latter group might have 
increased, leading to these contrasting results.

However, there could be other explanations for the lack 
of clinical significance of minimal BM involvement in ear-
ly-stage disease. In this study, patients in the PET-ES group 
with minimal BM involvement had a lower overall disease 
burden when compared to those in the PET-AS group. While 
systemic treatment for these patients may be insufficient for 
eradicating typical BM involvement of lymphoma, early dis-
ease detection, and appropriate follow-up can significantly 
influence treatment outcomes. Further exploration is needed 
to understand the association between the absence of differ-
ences in treatment outcomes due to minimal BM involve-
ment and the diagnostic procedures.

Several previous studies have evaluated the accuracy of 
PET/CT for assessing BM involvement in ENKTL in com-
parison with BM biopsy. Some of these studies reported both 
high sensitivity (100%) and specificity (86%-93%) [13,14], 
while recent large retrospective Chinese studies, involving 
several hundred patients, demonstrated high (93%-97%) 
specificity, but only moderate (46%-67%) sensitivity [16,17]. 
These Chinese studies also concluded that PET/CT holds 
potential for the assessment of BM involvement in early-
stage disease. Another study reported a mediocre level of 
both sensitivity (62%-64%) and specificity (73%-76%) [15]. 

Cancer Res Treat. 2024;56(2):688-696



VOLUME 56 NUMBER 2 APRIL 2024     695

The precise methodology for diagnosing BM involvement 
from BM biopsy specimens was not extensively detailed in 
these prior studies, but recent Chinese studies did mention 
the performance of EBER-ISH when indicated [16,17]. In this 
study, the reported accuracy of PET/CT for detecting gross 
BM involvement aligned with the results of recent large 
Chinese studies. However, when it came to detecting any 
form of BM involvement (both gross and minimal), PET/
CT exhibited low sensitivity while maintaining high speci- 
ficity. If minimal BM involvement were to be considered as 
a true positive, substituting BM biopsy with PET/CT for 
BM assessment might not be feasible due to this low sensi-
tivity, even for early-stage disease. Conversely, if minimal 
BM involvement did not have clinical significance, the sig-
nificance of PET/CT for assessing BM involvement would 
be noteworthy for early-stage disease. Therefore, the clini-
cal significance of minimal BM involvement within modern 
diagnostic and treatment approaches needs to be confirmed 
to determine the practical utilization of PET/CT for BM 
assessment in ENKTL. Nevertheless, given that PET/CT 
exhibits only moderate sensitivity even for detecting gross 
BM involvement, relying solely on PET/CT for BM assess-
ment may pose a risk of understaging.

Caution is necessary when attempting to apply the results 
of this study to clinical practice, as several significant limi-
tations are present. First, a clear definition of minimal BM 
involvement was lacking since the precise extent of EBV+ 
cells in the BM was available only for a few specimens. Clini-
cal outcomes could potentially be distinguished based on 
the precise burden of EBV+ cells in the BM. However, con-
ducting such an analysis was not feasible within the scope of 
this study. Second, no central review of PET/CT scans and 
BM biopsies was conducted. Furthermore, only the reports 
from BM biopsies were reviewed, without examining the 
actual biopsy specimens. Third, the number of patients in 
the PET-ES group with minimal BM involvement was rela-
tively small, potentially leading to a lack of representative-
ness. Despite these limitations, the insights from this study 
could guide future research directions to explore the clinical 
significance of PET/CT and BM biopsy for ENKTL. These 

observations might also contribute to the establishment of 
accurate treatment strategies for patients with minimal BM 
involvement.

In conclusion, PET/CT exhibits high specificity for ruling 
out BM involvement, yet demonstrates only mediocre and 
low sensitivity in detecting gross and minimal BM involve-
ment, respectively, in comparison with BM biopsy. Given 
that patients with minimal BM involvement, as identified 
through BM biopsy, did not exhibit a significant difference 
in clinical outcomes when compared to those with no BM 
involvement within the PET-ES group, the assessment of BM 
involvement using PET/CT may have some clinical signifi-
cance, as only a very small number of patients demonstrated 
gross BM involvement when classified as early stage by PET/
CT. However, these findings necessitate further clarification 
before their direct application to clinical practice.

Ethical Statement
This study received approval of the Institutional Review Board of 
Seoul National University Bundang Hospital (approval number 
B-1807-481-103). Informed consent was waived due to the retro-
spective nature of this study.

Author Contributions
Conceived and designed the analysis: Oh D, Eom KY.
Collected the data: Lee TH, Kim HJ, Lee JH, Lee J, Kim JH, Oh D, 
Eom KY.
Contributed data or analysis tools: Kim HJ, Lee JH, Lee J, Kim JH, 
Oh D, Eom KY.
Performed the analysis: Lee TH, Oh D, Eom KY.
Wrote the paper: Lee TH, Oh D, Eom KY.

ORCID iDs
Tae Hoon Lee  : https://orcid.org/0000-0002-4723-3931
Dongryul Oh  : https://orcid.org/0000-0002-5643-5519
Keun-Yong Eom  : https://orcid.org/0000-0003-3650-1133

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

1.  Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, 
Araujo IB, Berti E, et al. The 5th edition of the World Health 
Organization classification of haematolymphoid tumours: 
lymphoid neoplasms. Leukemia. 2022;36:1720-48.

2.  Tse E, Kwong YL. The diagnosis and management of NK/T-
cell lymphomas. J Hematol Oncol. 2017;10:85.

3.  Perry AM, Diebold J, Nathwani BN, MacLennan KA, Muller-

Hermelink HK, Bast M, et al. Non-Hodgkin lymphoma in the 
developing world: review of 4539 cases from the International 
Non-Hodgkin Lymphoma Classification Project. Haemato-
logica. 2016;101:1244-50.

4.  Tse E, Zhao WL, Xiong J, Kwong YL. How we treat NK/T-cell 
lymphomas. J Hematol Oncol. 2022;15:74.

5.  Yang Y, Cao JZ, Lan SM, Wu JX, Wu T, Zhu SY, et al. Asso-

References

Tae Hoon Lee, Bone Marrow Involvement in NK/T-Cell Lymphoma

https://orcid.org/0000-0003-3650-1133
https://orcid.org/0000-0002-5643-5519
https://orcid.org/0000-0002-4723-3931


696     CANCER  RESEARCH  AND  TREATMENT

ciation of improved locoregional control with prolonged sur-
vival in early-stage extranodal nasal-type natural killer/T-cell 
lymphoma. JAMA Oncol. 2017;3:83-91.

6.  Deng XW, Wu JX, Wu T, Zhu SY, Shi M, Su H, et al. Radiother-
apy is essential after complete response to asparaginase-con-
taining chemotherapy in early-stage extranodal nasal-type 
NK/T-cell lymphoma: a multicenter study from the China 
Lymphoma Collaborative Group (CLCG). Radiother Oncol. 
2018;129:3-9.

7.   Fujiwara H, Maeda Y, Nawa Y, Yamakura M, Ennishi D, 
Miyazaki Y, et al. The utility of positron emission tomogra-
phy/computed tomography in the staging of extranodal natu-
ral killer/T-cell lymphoma. Eur J Haematol. 2011;87:123-9.

8.  Moon SH, Cho SK, Kim WS, Kim SJ, Chan Ahn Y, Choe YS, 
et al. The role of 18F-FDG PET/CT for initial staging of nasal 
type natural killer/T-cell lymphoma: a comparison with con-
ventional staging methods. J Nucl Med. 2013;54:1039-44.

9.  Qi SN, Li YX, Specht L, Oguchi M, Tsang R, Ng A, et al. Mod-
ern radiation therapy for extranodal nasal-type NK/T-cell 
lymphoma: risk-adapted therapy, target volume, and dose 
guidelines from the International Lymphoma Radiation 
Oncology Group. Int J Radiat Oncol Biol Phys. 2021;110:1064-
81.

10.  NCCN Clinical Practice Guidelines in Oncology: T-cell lym-
phomas, version 1.2023 [Internet]. Plymouth Meeting, PA:  
National Comprehensive Cancer Network; 2023 [cited 2023 
Dec 20]. Available from: https://www.nccn.org/profession-
als/physician_gls/pdf/t-cell.pdf.

11.  Tilly H, Gomes da Silva M, Vitolo U, Jack A, Meignan M, 
Lopez-Guillermo A, et al. Diffuse large B-cell lymphoma 
(DLBCL): ESMO Clinical Practice Guidelines for diagnosis, 
treatment and follow-up. Ann Oncol. 2015;26 Suppl 5:v116-25.

12.  Eichenauer DA, Aleman BM, Andre M, Federico M, Hutch-
ings M, Illidge T, et al. Hodgkin lymphoma: ESMO Clinical 
Practice Guidelines for diagnosis, treatment and follow-up. 
Ann Oncol. 2018;29:iv19-29.

13.  Zhou Z, Chen C, Li X, Li Z, Zhang X, Chang Y, et al. Evalu-
ation of bone marrow involvement in extranodal NK/T cell 
lymphoma by FDG-PET/CT. Ann Hematol. 2015;94:963-7.

14.  Wang Y, Xie L, Tian R, Deng Y, Zhang W, Zou L, et al. PET/CT-
based bone-marrow assessment shows potential in replacing 

routine bone-marrow biopsy in part of patients newly diag-
nosed with extranodal natural killer/T-cell lymphoma. J Can-
cer Res Clin Oncol. 2019;145:2529-39.

15.  Koh Y, Lee JM, Woo GU, Paeng JC, Youk J, Yoon SS, et al. FDG 
PET for evaluation of bone marrow status in T-cell lymphoma. 
Clin Nucl Med. 2019;44:4-10.

16.  Yang C, Wu W, Zhou H, Zhao S, Tian R, Xiang M, et al. (18)
F-FDG PET/CT plays a limited role in replacing bone marrow 
biopsy for newly diagnosed advanced-stage patients with 
extranodal natural killer/T-cell lymphoma. Front Oncol. 2022; 
12:894804.

17.   Yang Y, Wang JJ, Zhao RZ, Huang C, Shi GQ, Zheng H, et 
al. The value of routine bone marrow examination in patients 
with extranodal NK/T-cell lymphoma staged with PET/CT. 
Cancer. 2022;128:3943-50.

18.  Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, 
Zucca E, et al. Recommendations for initial evaluation, stag-
ing, and response assessment of Hodgkin and non-Hodgkin 
lymphoma: the Lugano classification. J Clin Oncol. 2014;32: 
3059-68.

19.  Benjamini Y, Hochberg Y. Controlling the false discovery rate: 
a practical and powerful approach to multiple testing. J R Stat 
Soc Series B Methodol. 1995;57:289-300.

20.  Lee J, Suh C, Huh J, Jun HJ, Kim K, Jung C, et al. Effect of 
positive bone marrow EBV in situ hybridization in staging 
and survival of localized extranodal natural killer/T-cell lym-
phoma, nasal-type. Clin Cancer Res. 2007;13:3250-4.

21.  Huang WT, Chang KC, Huang GC, Hsiao JR, Chen HH, 
Chuang SS, et al. Bone marrow that is positive for Epstein-Barr 
virus encoded RNA-1 by in situ hybridization is related with 
a poor prognosis in patients with extranodal natural killer/T-
cell lymphoma, nasal type. Haematologica. 2005;90:1063-9.

22.  Ito Y, Makita S, Maeshima AM, Hatta S, Yuda S, Suzuki T, 
et al. EBV-encoded RNA1-positive cells in the bone marrow 
specimens of patients with EBV-negative lymphomas and 
sarcomas. Pathol Int. 2019;69:392-7.

23.  Farrell D, Nael A, Law T, Zhao X, Weiss LM, Rezk SA. Epstein-
Barr virus incidental expression in bone marrow cells: a study 
of 230 consecutive bone marrow biopsy samples. Hum Pathol. 
2019;88:60-5.

Cancer Res Treat. 2024;56(2):688-696




