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Purpose This study aimed to determine the role of local ablative radiotherapy (LART) in oligometastatic/oligoprogressive lung ade-
nocarcinoma.

Materials and Methods Patients (n=176) with oligometastatic lung adenocarcinoma treated with LART were identified, and those
treated with LART at the initial diagnosis of synchronous oligometastatic disease (OMD group) or treated with LART when they pre-
sented with repeat oligoprogression (OPD group) were included.

Results Inthe OMD group (n=54), the 1- and 3-year progression-free survival (PFS) were 50.9% and 22.5%, respectively, whereas the
1- and 3-year overall survival in the OPD group were 75.9% and 58.1%, respectively. Forty-one patients (75.9%) received LART at all
gross disease sites. Tyrosine kinase inhibitor (TKI) use and all-metastatic site LART were significant predictors of higher PFS (p=0.018
and p=0.046, respectively). In patients treated with TKIs at the time of LART (n=23) and those treated with all-metastatic site LART,
the 1-year PFS was 86.7%, while that of patients not treated with all-metastatic site LART was 37.5% (p=0.006). In the OPD group
(n=122), 67.2% of the patients (n=82) maintained a systemic therapy regimen after LART. The cumulative incidence of changing
systemic therapy was 39.6%, 62.9%, and 78.5% at 6 months, 1 year, and 2 years after LART, respectively.

Conclusion Aggressive LART can be an option to improve survival in patients with oligometastatic disease. Patients with synchronous
oligometastatic disease receiving TKI and all-metastatic site LART may have improved PFS. In patients with repeat oligoprogression,

LART might potentially extend survival by delaying the need to change the systemic treatment regimen.
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Introduction

Oligometastasis is biologically defined as an intermediate
state between locally confined and widely spread metastatic
disease and is characterized by a limited number of metasta-
ses (e.g., < 5) [1]. Patients with oligometastasis may benefit
from combination treatment at the primary site and/or the
metastatic lesions as well as systemic therapy. Many system-
atic and retrospective reviews have presented the long-term
survival benefits in patients treated with surgical resection,
stereotactic body radiotherapy, or radiofrequency ablation
(RFA) of oligometastases [2-7]. Additionally, recent phase
II clinical trials in patients with oligometastatic non-small
cell lung cancer (NSCLC) demonstrated that combining
local ablative radiotherapy (LART) with systemic therapy
prolonged progression-free survival (PFS) and overall sur-
vival (OS), compared with treatment with systemic therapy
alone [8-10]. Although such good treatment outcomes can
be expected supporting the use of active local treatment in

oligometastatic disease, many unknowns remain regarding
patient selection, which metastatic lesions should be treated,
or whether treating all-metastatic sites provides clinical ben-
efit.

Furthermore, considering LART for oligoprogressive dis-
ease, where one or a few metastatic lesions are growing
while all other lesions remain stable on systemic treatment,
is increasingly gaining attention [11]. Such a clinical set-
ting falls into the “repeat oligoprogression” category in the
oligometastatic disease classification system described by
Guckenberger et al. [12] In contrast to the de novo oligometa-
static disease setting, repeat oligoprogression occurs in the
presence of a high tumor volume with multiple metastatic
lesions [11,13,14]. The European Society for Radiotherapy
and Oncology (ESTRO)-American Society for Radiation
Oncology (ASTRO) Oligometastatic Disease Consensus
document, published in 2020, also stated that oligoprogres-
sion on systemic therapy is a clinical entity that differs from
oligometastasis, possibly with worse prognosis than that of
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de novo or isolated metastatic disease [15-20]. Therefore, the
major goals of treatment should differ between these, and
treatment of only the growing lesions in patients with oligo-
progression may be performed to delay the need to change
the systemic therapy.

Most studies on multisite LART for metastatic cancer have
included various types of cancer and histologies. Therefore,
the results may have been diluted by the use of various sys-
temic therapies and different natural disease courses [4,21].
To the best of our knowledge, no such studies have addressed
the outcomes of LART for specific lung cancer histological
subtypes. Nevertheless, this is crucial given that lung can-
cers of different histological types are completely different
disease entities. For instance, lung adenocarcinoma shows
different gene mutation profiles from other squamous cell
carcinomas or small cell carcinomas and, thus, demonstrates
a completely different therapeutic response. Patients with
epidermal growth factor receptor (EGFR) mutations can sur-
vive for an extended period using tyrosine kinase inhibitors
(TKIs) [22]. As patients diagnosed with lung adenocarcino-
ma are relatively younger and in better condition than those
diagnosed with other types of lung cancer, there is a greater
need for active treatment [23]. Thus, identifying suitable can-
didates that can benefit from LART is of clinical importance.
Therefore, this study aimed to determine the role of LART in
oligometastatic/oligoprogressive lung adenocarcinoma and
identify the predictive factors for the survival of this cohort.

Materials and Methods

1. Patient eligibility

Patients presenting to a single institution between 2013
and 2020, who were initially diagnosed with stage IV lung
adenocarcinoma, with < 3 synchronous metastases at the
time of initial diagnosis, and who were treated with LART to
any lesion, were included for analysis. Among these patients,
those who were treated with LART at the initial diagnosis
of synchronous oligometastatic disease and those who were
treated with LART when they presented with repeat oligo-
progression, as described by Guckenberger et al. [12] were
eligible for inclusion. Patients who presented with repeat oli-
gorecurrence or repeat oligopersistence were excluded from
the analysis. Additionally, patients who did not undergo any
systemic therapy at the time of LART and those who had un-
controlled brain metastases were excluded.

Patients diagnosed with a synchronous oligometastatic
disease and who received LART as the first-line treatment
were allocated to the oligometastatic disease (OMD) group.
The remaining patients who received LART when they
presented with repeat oligoprogression while under active
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systemic treatment were classified as the oligoprogression
(OPD) group. Since repeat oligoprogression is a distinct dis-
ease entity from de novo oligometastasis, in that it follows a
more aggressive course due to the high background tumor
volume, we decided to analyze the results of these groups
separately. Referring to the ASTRO Oligometastatic Disease
Consensus document, oligoprogression was defined as < 3
sites of metastatic disease progression while the other sites
remained stable [15].

Cases were retrospectively identified by searching the reg-
istry data of the institution. All patient records were manu-
ally reviewed to determine eligibility for inclusion based on
the above criteria. Patients were staged at the time of diag-
nosis using brain magnetic resonance imaging (MRI), whole-
body positron emission tomography-computed tomogra-
phy (PET-CT), and contrast-enhanced chest/abdomen CT.
We used the American Joint Committee on Cancer, 8th edition
definitions for staging patients. Intrathoracic nodal disease
was counted as one site; however, multiple lesions within a
single organ were counted as individual, discrete sites, as in
previous studies [24,25].

2. LART details

LART was administered to the primary and/or metastatic
lesions at the discretion of the radiation oncologist. Single-
fraction cumulative doses = 12 Gy, 2-fraction doses = 20 Gy,
3-fraction doses > 24 Gy, 4-fraction doses > 48 Gy, 5-fraction
doses =30 Gy, and 10-fraction doses > 50 Gy prescribed to the
planning tumor volume (PTV) were regarded as LART. An
alternative acceptable prescription was 45 Gy in 15 fractions.
A prescription for an 80%-90% isodose line was preferred
for the treatment of bone metastases, and a prescription for
a 70%-90% isodose line was most commonly used for other
treatment sites. Immobilization devices, such as vacuum
locks and thermoplastic masks, were appropriately used.
Continuous positive airway pressure or an abdominal com-
pressor was also used to reduce tumor motion when neces-
sary. Gross tumor volumes (GTVs) were contoured from CT
simulation scans. For spine metastases, MRI was fused with
the planning CT to aid in GTV delineation. No clinical tar-
get volume expansion for microscopic disease extension was
used, except for bone metastases. A uniform PTV expansion
of 3-5 mm was used in all cases.

Treatment was delivered using linear accelerators with
daily cone-beam CT and tomotherapy with daily megavolt-
age CT. As for CyberKnife M6 (Accuray, Sunnyvale, CA),
orthogonal radiographs that visualized fiducial markers
and/or the spine were acquired for image-based guidance
before every treatment. For patients who were candidates for
CyberKnife M6 treatment, fiducial markers were implanted
near the tumor for tracking. Spine tracking without fiducials



Gowoon Yang, LART in Oligometastatic Lung Adenocarcinoma

was also allowed in patients whose tumor was adjacent to
the spine.

3. Endpoints

The primary endpoint was PFS, while the secondary end-
points were OS, the cumulative incidence of local failure,
local failure-free survival (LFFS), and toxicity. The cumula-
tive incidence of changing systemic therapy (CST) was also
analyzed as a secondary endpoint in the OPD group. PFS
was defined as the time from commencing LART to the time
of disease progression or death, whichever occurred first.
Progression was defined by the radiologist, based on the
Response Evaluation Criteria in Solid Tumor (RECIST) crite-
ria 1.1. OS was defined as the time from commencing LART
to the date of last contact for surviving patients or death.
Local failure was defined as recurrence or progression within
the treatment field after radiotherapy (RT). For determining
the cumulative incidence of CST, switching systemic therapy
to the next-line regimen was counted as the event in patients
in the OPD group.

4. Follow-up and response assessment

The first follow-up was performed 6-8 weeks after LART,
using contrast-enhanced CT and/or MRI or PET-CT. There-
after, follow-up was performed every 2-3 months with CT
for the first 2 years after LART and every 6 months starting
from the third year. Additional imaging studies, including
MRI and/or PET-CT, were performed in cases of suspected
progressive disease. Acute and late radiation treatment-relat-
ed toxicities were scored according to Common Terminology
Criteria for Adverse Events v4.0.

5. Statistical analysis

Univariate and multivariate Cox proportional-hazards
regression modeling were performed to identify factors
associated with PFS, OS, and LFFS. Variables with a p <
0.05 in univariate analysis were subsequently tested in the
multivariate model. Kaplan-Meier curves were generated to
analyze survival trends in the cohorts. Death was censored
and patients alive at the end of the study period were cen-
sored at the time of the last follow-up. The equivalent doses
in 2 Gy fractions (EQD2) calculation was performed using an
alpha/beta ratio of 10. A chi-square test was used to compare
categorical variables. Statistical calculations were performed
using SPSS ver. 26.0 (IBM Corp., Armonk, NY).

Results

1. Patients and treatment

Two-hundred and eighty-one patients who were diagno-
sed with stage IV lung adenocarcinoma with < 3 metasta-
ses at initial diagnosis and were treated with LART were
included for analysis. Patients with repeat oligorecurrence
or repeat oligopersistence (n=51) were excluded. Of the 87
patients initially diagnosed with synchronous oligometasta-
sis, 23 patients who did not undergo systemic therapy and
10 who had uncontrolled brain metastases were excluded.
Thus, 54 patients were finally included in the OMD group.
Among 143 patients treated with LART presenting with
repeat oligoprogression, 21 who had uncontrolled brain
metastases were excluded; hence, 122 patients were included
in the OPD group (S1 Fig.).

The median follow-up time for the entire cohort was
18.2 months (range, 0.3 to 71.2 months). The median EQD2
for RT treatments to the tumor was 43.9 Gy (range, 22.0 to
150.0 Gy). Therefore, an EQD2 cut-off value of 43.9 Gy was
used to dichotomize this variable. Ninety-two patients were
treated with volumetric-modulated arc therapy (52.3%), 63
were treated with CyberKnife M6 (35.8%), 14 were treated
with three-dimensional conformal RT (8.0%), and seven
patients were treated with tomotherapy (4.0%). Table 1 des-
cribes the patient, tumor, and treatment characteristics. In
the OMD group, 25 patients (46.3%) presented with EGFR
mutation, four patients (7.4%) with anaplastic lymphoma
kinase (ALK)-positive status, and nine patients (16.7%)
with c-ros oncogene 1 (ROS1)-positive status. Thirty-seven
patients (68.5%) had a single metastatic lesion, 12 patients
(22.2%) had two lesions, and five patients (9.3%) had three
lesions. Bone metastasis was the most common site of LART
(63.6%). Among these patients, 41 (75.9%) received LART
at all-metastatic gross disease sites, and this strategy was
defined as all-metastatic site RT. In the OPD group (n=122),
58 patients (47.5%) presented with EGFR mutations, seven
patients (5.7%) with ALK-positive status, and seven patients
(5.7%) with ROS1-positive status. ROS1-positive status was
the only factor that showed a significant difference between
the two groups (ROS1-positive 16.7% in OMD group vs. 5.7%
in OPD group, p=0.020).

The median PFS of the oligometastasis and oligoprogres-
sion groups were 12.3 and 4.0 months, respectively (p=0.001)
(S2A Fig.). The median OS of the oligometastasis and oligo-
progression groups were 32.5 and 14.3 months, respective-
ly (p=0.043) (52B Fig.). In the univariate and multivariable
analysis, oligoprogression was significantly associated with
worse PFS (p=0.002) but not OS (p=0.056). In contrast, EGFR
mutation status was a significant predictor of OS (p=0.014),
but not of PFS (p=0.425). These results are shown in S3 Table.
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Table 1. Patient and treatment characteristics in the oligometastasis (n=54) and oligoprogression groups (n=122)

Variable Oligometastasis group Oligoprogression group p-value
Sex
Male 20 (37.0) 53 (43.4) 0.426
Female 34 (63.0) 69 (56.6)
Initial T category
T1 13 (24.1) 20 (16.4) 0.345
T2 11 (20.4) 36 (29.5)
T3 11 (20.4) 25 (20.5)
T4 18 (33.3) 41 (33.6)
Tx 1(1.9) 0
Initial N category
NO 12 (22.2) 15 (12.3) 0.365
N1 6 (11.1) 16 (13.1)
N2 12 (22.2) 34 (27.9)
N3 21 (38.9) 57 (46.7)
Nix 3(5.6) 0
EGFR
Mutant 25 (46.3) 58 (47.5) 0.879
Wild type 29 (53.7) 64 (52.4)
ALK
Positive 4(7.4) 7 (5.7) 0.673
Negative 50 (92.6) 115 (94.3)
ROS1
Positive 9(16.7) 7 (5.7) 0.020
Negative 45 (83.3) 115 (94.3)
PD-L1
Positive 19 (35.2) 56 (45.9) 0.185
Negative 35 (64.8) 66 (54.1)
No. of metastatic lesions at initial diagnosis
1 37 (68.5) NA
2 12 (22.2) NA
3 5(9.3) NA
First-line systemic regimen
TKI 23 (43.4) 62 (50.8) 0.436
Immunotherapy 6(11.1) 15 (12.3)
Cytotoxic CTx 25 (47.2) 45 (36.9)
Systemic regimen at the time of LART
TKI NA 50 (41.7)
Immunotherapy NA 27 (22.5)
Cytotoxic CTx NA 45 (35.8)
RT site
Brain 4(7.3) 3(2.5) 0.708
Bone 35 (63.6) 57 (46.7)
Lung 15 (27.3) 50 (41.0)
Liver 1 (1.8) 3(2.5)
Lymph nodes 13 (24.1) 3(2.5)
Others 13 (24.1) 8 (6.6)

ALK, anaplastic lymphoma receptor tyrosine kinase; CTx, chemotherapy; EGFR, epidermal growth factor receptor; LART, local ablative
radiotherapy; NA, not applicable; PD-L1, programmed death-ligand 1; ROS1, c-ros oncogene 1; RT, radiotherapy; TKI, tyrosine kinase
inhibitor.
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Fig. 1. Probability of progression-free survival (A) and overall survival (B) in the oligometastasis group (n=54). LART, local ablative
radiotherapy.

Table 2. Univariate and multivariate analysis in the oligometastasis group (n=54)

Univariate Multivariate Univariate Multivariate
Variable analysis analysis analysis analysis
HR HR HR HR

(95% CI) p-value 95% CI) p-value (95% CI) p-value (95% CI) p-value
Sex (female vs. male) 0.82 (0.58-1.17) 0.271 - - 0.73 (0.51-1.05) 0.093 - -
Age (=60 yr vs. <60 yr) 1.42 (1.00-2.03) 0.051 - - 1.07 (0.72-1.58) 0.738 - -
EGFR (positive vs. negative) 0.87 (0.62-1.23) 0.425 - - 0.37(0.17-0.79) 0.011  0.37(0.17-0.79) 0.011
ALK (positive vs. negative) 0.44 (0.19-1.01) 0.052 - - 0.54 (0.22-1.33) 0.183 - -
ROS1 (positive vs. negative) 0.68 (0.36-1.31) 0.249 - - 0.74 (0.38-1.47) 0.392 - -
PD-L1 (positive vs. negative) 0.99 (0.69-1.41) 0.949 - - 1.34 (0.09-1.95) 0.122 - -
No. of metastatic lesions 1.35(0.85-2.13) 0.203 - - 1.72 (1.07-2.77) 0.025 1.70 (1.07-2.63) 0.024
(per 1 lesion)
Systemic therapy 0.48 (0.27-0.83) 0.018  0.44 (0.22-0.87) 0.018  0.44 (0.20-0.99) 0.049  0.65 (0.27-1.60) 0.351
(TKT vs. no-TKI)
RT site (bone vs. others) 0.84 (0.43-1.62) 0.595 - - 0.60 (0.30-1.22) 0.159 - -
All-metastatic site RT 0.68 (0.53-0.83) 0.041 0.78 (0.36-0.94) 0.046  0.94 (0.63-1.40) 0.751 - -
(yes vs. no)
EQD2 (= 43.9 Gy vs. < 43.9 Gy) 0.95 (0.50-1.81) 0.873 - - 1.42 (0.69-2.91) 0.337 - -

ALK, anaplastic lymphoma receptor tyrosine kinase; CI, confidence interval; EGFR, epidermal growth factor receptor; EQD2, equivalent
doses in 2 Gy fractions; HR, hazard ratio; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival; ROS1,
c-ros oncogene 1; RT, radiotherapy; TKI, tyrosine kinase inhibitor.

2. Prognosis of the OMD group On univariate analysis, the use of TKIs (as opposed to

The median PFS and OS were 12.3 months (95% confi- no-TKI) as the first-line systemic regimen and of all-metastat-
dence interval [CI], 7.5 to 17.1) and 32.5 months (95% CI, 23.0 ic site LART (as opposed to not all-metastatic site LART) pre-
to 42.1), respectively, in the OMD group (Fig. 1A and B). The dicted an improved PFS (hazard ratio [HR], 0.48; 95% CI, 0.27
1- and 3-year PFS in this group were 50.9% and 22.5%, to 0.83; p=0.018; and HR, 0.68; 95% ClI, 0.53 to 0.83; p=0.041,

respectively, whereas their 1- and 3-year OS were 75.9% and respectively). Multivariate analysis was subsequently
58.1%, respectively. The 1-year and 3-year cumulative inci- performed using the significant variables: use of TKI (vs.
dence of local failure were 4.8% and 24.0%, respectively. no-TKI) and all-metastatic site LART (vs. not all-metastatic
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Fig. 2. (A) Progression-free survival of the patients in the oligometastasis group treated with tyrosine kinase inhibitors (TKIs, n=23) with
all-metastatic site local ablative radiotherapy (LART) or not all-metastatic site LART. (B) Progression-free survival of patients who were

treated with or without TKIs in the oligometastasis group (n=54).

site LART) remained significant predictors of PFS (HR, 0.44;
95% ClI, 0.22 to 0.87; p=0.018, and HR, 0.78; 95% CI, 0.36 to
0.94; p=0.046, respectively) (Table 2). On univariate analy-
sis for OS, EGFR mutation status, the number of metastatic
lesions, and the use of TKI over no-TKI predicted improved
OS (HR, 0.37; 95% CI, 0.17 to 0.79; p=0.011; HR, 1.72; 95%
CI, 1.07 to 2.77; p=0.025; and HR, 0.44; 95% ClI, 0.20 to 0.99;
p=0.049, respectively). Multivariable analysis was subse-
quently performed using the significant variables. EGFR
mutation status and the number of metastatic lesions remai-
ned significant predictors of OS in this analysis (HR, 0.37;
95% CI, 0.17 to 0.79; p=0.011, and HR, 1.70; 95% CI, 1.07 to
2.63; p=0.024, respectively) (Table 2). In the univariate analy-
sis, no variable was found to be significantly associated with
LFFS (54 Table).

In the subset of patients who were administered TKI at the
time of LART (n=23) and who were treated with LART to
all-metastatic sites, the 1-year PFS was 86.7%, whereas that
of the patients who were not treated with LART to all-meta-
static sites was 37.5% (p=0.006) (Fig. 2A). All-metastatic site
LART did not yield PFS benefits in patients who were treat-
ed with immunotherapy or cytotoxic chemotherapy (CTx)
as the first-line systemic therapy. In the OMD group (n=54),
the 1-year PFS was 69.1% for patients treated with TKI, and
36.4% for patients not treated with TKI (p=0.015) (Fig. 2B).

3. Prognosis of the OPD group

The median PFS and OS in the OPD group were 4.0
months (95% CI, 3.1 to 4.9 months) and 14.3 months (95% CI,
8.9 to 19.6 months), respectively (S5 Fig.). The 1- and 3-year
PFS were 22.0% and 11.6%, respectively, whereas the 1- and
3-year OS were 57.4% and 26.4%, respectively. The 1-year and
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Fig. 3. Cumulative incidence of changing systemic therapy in
the oligoprogression group (n=122). LART, local ablative radio-
therapy.

3-year cumulative incidence of local failure were 23.4% and
36.5%, respectively. In univariate analysis, no variable was
found to be significantly associated with PFS. Programmed
death-ligand 1 (PD-L1) status was a significant risk factor
for OS in univariate analysis (HR, 1.66; 95% CI, 1.08 to 2.57;
p=0.022) but not in multivariate analysis (56 Table). In the
univariate analysis, no variable was found to be significantly
associated with LFFS (54 Table).

At the time of LART, 50 patients were being treated with
TKIs (41.7%), 45 patients with immunotherapy (35.8%),
and 27 patients with cytotoxic CTx (22.5%). Among these
cases, 35 were on the first-line (28.7%), 44 on the second-line
(36.1%), five on the third-line (20.5%), and the rest (14.8%) on
the fourth-line or later systemic therapy. After LART, 67.2%
of the patients (n=82) maintained the salvage systemic thera-
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py regimen that was being administered at the time of LART
(S7 Table). Among these patients, the cumulative incidence
of CST was 39.6%, 62.9%, and 78.5% at 6 months, 1 year, and
2 years after LART, respectively (Fig. 3). The median delay in
CST was 7.0 months (range, 0.4 to 43.0 months). In the subset
of patients who were treated with TKI at the time of LART,
the median delay of CST was 11.1 months (range, 0.4 to 43.0
months).

4. Toxicity of LART

Treatment-related toxicity was well-tolerated in the OMD
group. None of the patients developed grade 3 or higher
adverse effects such as cough, dermatitis, radiation pneu-
monitis, esophagitis, or radiation treatment-related death in
the OMD group. One patient developed grade 2 radiation-
induced dermatitis (1.9%) and another patient developed
grade 2 esophagitis (1.9%). Grade 1 lung fibrosis was seen
in one patient (1.9%). RT-related toxicities were similar in
the subset of patients treated with TKIs in the OMD group.
Grade 1 radiation pneumonitis developed in one of 15
patients (6.7%) in the all-metastatic site RT group and in none
of the eight patients in the group not treated with all-meta-
static site RT; hence, a non-significant difference in Fisher’s
exact test was observed (p > 0.99).

In the OPD group, no patient experienced grade > 3 cough,
dermatitis, radiation pneumonitis, esophagitis, or radiation
treatment-related death. Grade 2 dermatitis and grade 2
radiation pneumonitis were seen in one patient (0.8%). Grade
1 lung fibrosis was observed in one patient (0.8%).

Discussion

In this study, patients with repeat oligoprogression had
shorter PFS compared to those with synchronous oligome-
tastasis. We also revealed that the use of TKIs and adminis-
tration of LART to all-metastatic sites was associated with
improved PFS in patients who presented with oligometasta-
sis at initial diagnosis. Furthermore, all-metastatic site LART
did not result in severe toxicity. Moreover, in oligoprogres-
sive cases, the use of LART might have the benefit of delay-
ing CST.

Interest in using local therapy at oligometastatic sites is
increasing. A phase 2 trial that randomized patients with
metastatic colorectal cancer with liver metastases to treat-
ment with or without RFA found that RFA significantly
decreased disease progression and improved OS [26]. Small
randomized phase 2 trials have demonstrated that local
ablative therapy in the setting of oligometastatic NSCLC can
significantly improve PFS [8,25], and longer follow-up of one
of these study cohorts has also revealed an OS benefit [9].

Several potential mechanisms may explain the benefit of
all-metastatic site LART. First, treating all-metastatic tumors
could reduce the burden of treatment-resistant cells. Second,
treating multiple lesions with ablative doses may potentiate
the effects of systemic therapy. LART to all sites could also
alter the immune system and tumor microenvironment, ren-
dering residual disease more sensitive to subsequent mainte-
nance therapy, thereby delaying progression [27]. In addition,
adding LART to a backbone of immunotherapy has been of
great interest. RT and immunotherapy show excellent syner-
gy and this combination has the potential of being enhanced
by targeting multiple lesions rather than using single-target
ablation. A single-arm study of patients with oligometastatic
NSCLC who were treated with definitive local therapies at
all sites followed by pembrolizumab found a median PFS of
19.1 months, which was significantly prolonged compared
with the expected PFS of 6.6 months (p=0.005) based on his-
torical data [28]. However, in the present study, all-metastatic
site LART did not substantially benefit patients who were
treated with immunotherapy as the first-line systemic ther-
apy. One of the reasons may be the small sample size of the
immunotherapy group. Further studies are needed to verify
these findings in a larger number of patients.

The use of immunotherapy or cytotoxic CTx as the first-
line systemic therapy was independently associated with
poor PFS after LART, compared with patients who used TKIs
as systemic therapy. Those treated with immunotherapy or
cytotoxic CTx as the first-line therapy were EGFR wild-type;
therefore, the poor prognosis of these patients could not be
overcome despite the addition of LART. It is well known that
patients with EGFR-mutant metastatic lung adenocarcinoma
treated with TKIs demonstrate significantly better survival
outcomes compared to those with EGFR wild-type meta-
static lung adenocarcinoma [22]. However, as the number
of patients in each group was small, it is difficult to draw
firm conclusions; therefore, a large-scale prospective study
should be conducted on each group by dividing the patient
groups according to molecular types or the level of PD-L1
expression in the future.

Furthermore, we found that in patients who presented
with repeat oligoprogression, intervention with LART might
delay the need to change systemic therapy. The desire to
delay the need to start or to change systemic therapy in
some patients is increasing, particularly when the volume
of progressing metastases is low. Patients who are older or
have poor performance status, who are not good candidates
for aggressive CTx, could be candidates in this regard. In
addition, there may be a need for a “chemotherapy break”
or “chemotherapy holiday” in some patients, while others
may want to delay the need to change systemic therapy
owing to the limited systemic therapy options left to use.
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Some studies reported the use of LART to delay the time
to change systemic therapy in NSCLC cases. Gan et al. [29]
demonstrated that patients with ALK-positive NSCLC could
be maintained on TKIs for extended periods when using
LART. The benefit of LART in terms of delaying the change
in systemic therapy has been realized in patients with meta-
static colorectal cancer: the cumulative incidence of starting
or CST in these patients was 41.7% at 2 years post-LART,
implying that more than half of the patients did not require
a change in systemic treatment strategy in that period [30].
In the present study, more than two-thirds of the patients in
the OPD group maintained a salvage systemic therapy regi-
men using LART. Notably, more than one-fifth of patients
were able to maintain systemic therapy for > 2 years after
LART, which suggests that there might be a potential benefit
of using LART in patients with repeat oligoprogression. In
the subset of patients who were treated with TKIs at the time
of LART, CST was delayed even further. Thus, the potential
benefit of delaying CST should be investigated more com-
prehensively in future prospective studies.

Since the evidence for using local ablative therapy for
oligometastatic disease is increasing, identification of those
patients likely to benefit from such therapy is essential and
has been strongly debated. We aimed to identify the prog-
nostic factors that are associated with clinical outcomes to
facilitate identification of such patients. However, neither
the number of metastatic lesions nor the site of metastases
showed a significant association with disease progression in
patients who presented with synchronous oligometastatic
disease at initial diagnosis. EGFR mutation, ALK rearrange-
ment, and PD-L1 expression status also demonstrated no
significant association with disease progression after LART.
This might be due to the small sample size of the patients
included. Further studies with a larger number of patients
addressing this issue will be required. Currently, there is no
biological evidence supporting the maximal number of me-
tastases or the maximal lesion size that should be treated to
provide clinical benefit [15].

EQD2 was not an independent predictor of improved PES,
OS, or LFFS in this study. This may be due to the low median
dose of EQD2 (43.9 Gy), which might have been insufficient
to achieve good local control. In a case-control study of local
consolidative therapy for oligometastatic NSCLC, there was
a dose-response effect, such that delivery of > 75 Gy biologi-
cally effective dose (BED) (a./p=10) in patients with synchro-
nous oligometastatic NSCLC was associated with improved
local control, PFS, and OS [31]. A multi-institutional study of
patients with stage I NSCLC showed that LART regimens
with BED > 100 Gy are needed to improve local control and
OS [32]. A recent analysis of the National Cancer Data Base
suggests that achieving BED > 130 Gy may further improve
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survival rates [33]. Another reason might be the heterogene-
ous dose prescriptions used in our study, which may have
made it difficult to draw a firm conclusion regarding the
dose-response relationship. Further efforts to identify the
factors that are associated with the clinical benefit of LART
are required.

LART was well-tolerated by our patients. None of the
patients in the OMD and OPD groups developed grade >
3 cough, dermatitis, radiation pneumonitis, esophagitis, or
radiation treatment-related death. Grade 2 radiation-induced
dermatitis, esophagitis, and radiation pneumonitis rarely
occurred in either of the groups. The addition of LART could
be an effective treatment strategy that can be used in both the
synchronous oligometastasis and repeat oligoprogression
setting, without compromising safety outcomes.

Our study has several limitations. First, this was a retro-
spective study. Other untested variables could present con-
founding effects. A wide range of LART doses were used
in the present study. In general, our institutional policy on
LART dosing is based mainly on tumor location and the
proximity of organs at risk. Additionally, the patients were
treated for almost a decade, implying that there could have
been a marked heterogeneity in terms of the comprehensive
medical care they received, which possibly affected the sur-
vival outcomes and patterns. Only the patients treated with
LART were included in this study. Further studies compar-
ing systemic therapy alone vs. LART combined with system-
ic therapy in patients diagnosed with oligometastatic lung
adenocarcinoma are required. Although all-metastatic site
LART increased PFS, it did not improve OS. Further studies
with larger samples and longer follow-up periods are needed
to elucidate the potential benefits of all-metastatic site LART.

Aggressive LART could be proposed as an option to impz-
ove survival in patients with oligometastatic disease. Pati-
ents with synchronous oligometastatic disease receiving TKI
and all-metastatic site LART may show improved PFS. In
patients with repeat oligoprogression, LART might poten-
tially extend the survival by delaying the need to change the
systemic treatment regimen.
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