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Abstract
Background: Local consolidative therapy (LCT) has emerged as a treatment option in
patients with oligometastatic non-small cell lung cancer (NSCLC) undergoing chemo-
therapy or targeted therapy. However, the current literature lacks evidence as to
whether LCT improves survival in NSCLC patients receiving immunotherapy. Our
study aimed to assess whether LCT combined with pembrolizumab � chemotherapy
could improve the survival of patients with synchronous oligometastatic NSCLC.
Methods: Patients with NSCLC, without EGFR or ALK genetic aberrations, who were
treated with first-line pembrolizumab � chemotherapy, were included in the study.
Survival analysis of the LCT and non-LCT groups was compared.
Results: A total of 231 patients were included in the study. The median follow-up time
was 15.24 months. Median progression-free survival (PFS) and overall survival
(OS) of the entire cohort were 12.00 and 23.43 months, respectively. Of the
231 patients included, 76 patients received LCT combined with pembrolizumab �
chemotherapy (LCT group) while 155 patients received pembrolizumab � chemother-
apy alone (non-LCT group). Of note, the PFS of the LCT and non-LCT groups was
13.97 and 10.08 months (p = 0.016), respectively. The OS were 30.67 and
21.97 months (p = 0.011), respectively. The PFS and OS were significantly improved
with LCT for patients with brain or lung metastases but not bone metastases. No sig-
nificant increase in treatment-related toxicity was observed in the LCT group.
Conclusions: The present study shows that LCT to metastatic sites is an option for
consideration in patients with synchronous oligometastatic NSCLC during first-line
pembrolizumab treatment, with significantly improved PFS and OS compared with
systemic treatment alone.
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INTRODUCTION

Non–small cell lung cancer (NSCLC) accounts for 85% of
lung cancer, and ~50% of NSCLC patients presenting with
metastatic disease (TNM stage IV) at diagnosis.1,2

Oligometastatic NSCLC refers to an intermediate state
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between limited primary and polymetastatic NSCLC.3–5

In addition, local consolidative therapy (LCT) strategies are
frequently offered to patients diagnosed with oligometastatic
disease.6 Although different study protocols including patient
selection (e.g., patients with epidermal growth factor receptor
[EGFR] mutation or without mutation), disease status
(e.g., synchronous diseases and metachronous diseases) and
definition of oligometastatic metastases (e.g., up to three or
five metastases) were used in different trials, they have consis-
tently demonstrated that LCT provided to metastatic sites in
oligometastatic NSCLC patients led to significant survival
benefits compared to systemic therapy alone.7–12

In recent years, pembrolizumab, an anti–programmed
death-1 (PD-1) monoclonal antibody, has dramatically
altered treatment strategies especially first-line therapy for
patients with advanced NSCLC without targetable EGFR or
anaplastic lymphoma kinase (ALK) genetic aberrations.13,14

The US Food and Drug Administration (FDA) approved
pembrolizumab for use in NSCLC patients based on the out-
standing outcomes of relevant clinical trials.15,16 However,
these clinical trials have not shed light on whether patients
with oligometastatic NSCLC should be exposed to LCT. In
clinical practice, there is a highly controversial treatment
option for treatment-naïve patients without targetable EGFR
or ALK genetic aberrations diagnosed with oligometastatic
NSCLC; that is, standard systemic treatment (pembrolizumab
alone or combined with platinum-based chemotherapy
[pembrolizumab � chemotherapy]) in combination with LCT.
A single-arm clinical trial has revealed that pembrolizumab
after LCT for oligometastatic NSCLC led to a dramatic
improvement in PFS and an immature but promising
OS compared with historical data. However, the trial had
some limitations, including bias in single-arm design (no
pembrolizumab control group alone was designed for direct
comparison), bias in patient selection (only patients who had
completed LAT to all sites of tumor were included in the trial),

T A B L E 1 Clinical characteristics of 231 patients

Characteristics No. of patients (%)

Median (range), years 63 (29–82)

Age (years)

<65 130 (56.3)

≥65 101 (43.7)

Sex

Male 201 (87)

Female 30 (13)

Smoking history

No 71 (30.7)

Yes 160 (69.3)

Recurrence after surgery

No 195 (84.4)

Yes 36 (15.6)

T stage

T 1–2 106 (45.9)

T 3–4 94 (40.7)

Unavailable 31 (13.4)

N stage

N0-N2 101 (43.7)

N3 111 (48.1)

Unavailable 19 (8.2)

Number of metastatic lesions

1–3 219 (94.8)

4–5 12 (5.2)

Metastatic organs

Brain only 22 (9.5)

Lung only 55 (23.8)

Bone only 32 (13.9)

Other single organ 4 (1.7)

Two or more organs 118 (51.1)

Pathology

Adenocarcinoma 140 (60.6)

Squamous cell carcinoma 91 (39.4)

PD-L1 TPS (%)

0 47 (20.3)

1%–49% 36 (15.6)

≥50% 64 (27.7)

Unavailable 84 (36.4)

Treatment

Pembrolizumab + chemotherapy 195 (84.4)

Pembrolizumab 36 (15.6)

LCT for primary tumor 31

Radiotherapy 29 (93.5)

Surgery 2 (6.5)

LAT for oligometastasis 77

Brain 32

SRS 9 (28.1)

(Continues)

TAB L E 1 (Continued)

Characteristics No. of patients (%)

Whole brain irradiation 22 (68.8)

Surgery 1 (3.1)

Contralateral lung 28

Radiotherapy 20 (71.4)

Surgery 6 (21.4)

Radio frequency ablation 2 (7.2)

Bone 12

Radiotherapy 12 (100)

Chest wall 3

Radiotherapy 3 (100)

Cervical lymph nodes 1

Radiotherapy 1 (100)

Adrenal gland 1

Surgery 1 (100)
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bias in previous treatment (most patients were heavily-treated
and had received radiotherapy before enrollment) and the lim-
itation of small sample size (N = 45). Therefore, more studies
are needed to provide stronger evidence, in order to provide a
more tailored therapy in the future.

Herein, we collected the clinical data of patients with
synchronous oligometastatic NSCLC without targetable
EGFR or ALK genetic aberrations and compared the efficacy
of LCT plus pembrolizumab � chemotherapy with
pembrolizumab � chemotherapy alone as first-line therapy
in a specific population.

METHODS

Patients

The medical records of NSCLC patients without targetable
EGFR or ALK genetic aberrations treated with first-line
pembrolizumab � chemotherapy at the Shanghai Chest Hos-
pital between March 1, 2015 and December 30, 2020 were
screened. The inclusion criteria were as follows: (i) Stage IV
NSCLC patients with synchronous oligometastases. Synchro-
nous oligometastatic NSCLC was defined as NSCLC with 1–5
metastases in 1–3 organs, and all metastases were detected at
the time of diagnosis of the primary tumor.3,4,17,18 The status
of oligometastasis was evaluated by 18F-fluorodeoxyglucose-
positron emission tomography (18F-FDG-PET-CT) and brain
magnetic resonance imaging (MRI) at the time of initial stag-
ing.3 (ii) Patients without EGFR/ALK sensitive mutation.
(iii) First-line treatment with pembrolizumab � chemother-
apy following standard treatment guidelines. (iv) The interval
between pembrolizumab � chemotherapy and LCT should
not exceed 3 months.19 (v) Eastern Cooperative Oncology
Group performance status (ECOG PS) 0–1. The exclusion
criteria were as follows: (i) Patients with metachronous
oligometastatic NSCLC (metastasis developed during follow-
up); (ii) incorporation of LCT after disease progression and
(iii) patients with PFS≤2 months were excluded due to large
selection bias. The patient selection procedure is shown in
Figure S1. This study was approved by the Institutional
Review Board of Shanghai Chest Hospital and performed fol-
lowing the declaration of Helsinki.

Treatment and clinical response evaluation

Drugs were administered following standard NCCN guide-
lines. Pembrolizumab was administered 200 mg intrave-
nously every 3 weeks. Patients with adenocarcinoma
received AC (pemetrexed plus carboplatin for four cycles
and pemetrexed as maintenance) and patients with squa-
mous NSCLC received TC (nab-paclitaxel plus carboplatin
for four cycles and nab-paclitaxel as maintenance). LCT,
including surgery (local resection of oligometastases) and
radiotherapy (stereotactic body radiotherapy, stereotactic
radiosurgery) was performed in all patients with metastases

under evaluation of the physician. Staging of the disease was
determined using the eighth edition of the American Joint
Committee on Cancer (AJCC) tumor-node-metastasis
(TNM) classification. Enhanced chest computed tomogra-
phy (CT) scan and abdominal ultrasound scan were per-
formed every 4 weeks for therapeutic response evaluation.
Enhanced brain magnetic resonance imaging (MRI) was
performed every 4–6 weeks if there was evidence of existing
brain metastasis and 4–6 months if there was no baseline

TAB L E 2 Clinical characteristics of local consolidative therapy (LCT)
group and non-LCT group

Characteristics
LCT (n = 76)
No. (%)

Non-LCT
(n = 155)No. (%)

p-
value

Age (years) 0.729

<65 44 (57.9) 86 (55.5)

≥65 32 (42.1) 69 (44.5)

Sex 0.107

Male 70 (92.1) 131 (84.5)

Female 6 (7.9) 24 (15.5)

Smoking history 0.308

No 20 (26.3) 51 (32.9)

Yes 56 (73.7) 104 (67.1)

Recurrence after
surgery

0.405

No 62 (81.6) 133 (85.8)

Yes 14 (18.4) 22 (14.2)

T stage 0.047

T 1–2 34 (44.7) 72 (46.4)

T 3–4 26 (34.2) 68 (43.9)

Unavailable 16 (21.1) 15 (9.7)

N stage 0.612

N0–N2 36 (47.4) 65 (41.9)

N3 33 (43.4) 78 (50.3)

Unavailable 7 (9.2) 12 (7.8)

Number of metastatic
lesions

0.728

1–3 71 (93.4) 148 (95.5)

4–5 5 (6.6) 7 (4.5)

Pathology 0.761

Adenocarcinoma 45 (59.2) 95 (61.3)

Squamous cell
carcinoma

31 (40.8) 60 (38.7)

PD-L1 TPS (%) 0.981

0 15 (19.7) 32 (20.7)

1%–49% 11 (14.5) 25 (16.1)

≥50% 22 (29) 42 (27.1)

Unavailable 28 (36.8) 56 (36.1)

Treatment 0.272

Pembrolizumab
+ chemotherapy

67 (88.2) 128 (82.6)

Pembrolizumab 9 (11.8) 27 (17.4)
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lesion and no symptoms thereafter. Efficacy was evaluated
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.

Detection of gene and programmed death
ligand 1 (PD-L1) tumor proportion score (TPS)

Biopsy of tissue samples was performed at the time of initial
diagnosis. The amplification refractory mutation system
(ARMS) or next-generation sequencing (NGS) was used for
EGFR detection. Immunohistochemistry (IHC) and break-
apart fluorescence in situ hybridization (FISH) were used
for ALK rearrangement detection. PD-L1 TPS was detected
by the PD-L1 IHC 22C3 pharmDx assay and was classified
into TPS < 0%, 1%–49% and ≥50%.

Statistical analysis

The categorical variables were compared by χ2 test. The end-
points were PFS (calculated from disease diagnosis to dis-
ease progression or the last follow-up), ORR (the ratio of

complete and partial response) and OS (from disease diag-
nosis to death or the last follow-up). The median PFS and
OS was estimated using the Kaplan–Meier method and
compared by the log-rank test. Hazard ratio (HR) and 95%
confidence intervals were estimated by a stratified Cox
proportional-hazards model. All statistical analyses were
performed using SPSS version 22.0 (IBM Corporation).

RESULTS

Patient characteristics

A total of 231 patients with oligometastatic NSCLC who
met the inclusion criteria were included in the study. The
patient characteristics are detailed in Table 1. The majority
of patients were male (201/231, 87%) and smokers (160/231,
69.3%). A total of 45.9% of patients had T1-2 stage, 48.1%
had N3 stage, 60.6% had histology of adenocarcinoma.
The majority of patients who received PD-L1 detection
had a tumor proportion score of 50% or higher. A total of
84.4% (195/231) patients received combination therapy
(pembrolizumab + chemotherapy) and (15.6%, 36/231)
received pembrolizumab monotherapy. With respect to the

F I G U R E 1 Kaplan–Meier estimates of progression-free survival in the
LCT and non-LCT groups (a) and an analysis of progression-free survival
in key subgroups (b). LCT, local consolidative therapy

F I G UR E 2 Kaplan–Meier estimates of overall survival in the LCT and
non-LCT groups (a) and an analysis of overall survival in key subgroups
(b). LCT, local consolidative therapy

736 CHEN ET AL.



number of oligometastatic lesions in the 231 patients,
219 (94.8%) had 1–3 metastatic lesions, while 12 (5.2%) had
4–5 metastatic lesions. With regard to the oligometastatic
sites, 118 (51.1%) patients had metastatic lesions involving
multiple organs. In patients with only a single organ
involved, the most common site was lung, followed by bone
and brain. Overall, 31 patients received LCT to a primary
lung tumor, 32 to brain metastasis, 28 to contralateral
lung,12 to bone metastasis, three to chest wall metastasis,
one to cervical lymph nodes and one to adrenal gland.
Treatment details are reported in Table 1 and Figure S2.

In brief, a total of 32.9% (76/231) patients received sys-
temic therapy and LCT, while 67.1% (155/231) patients
received systemic therapy without LCT. The baseline

characteristics were well balanced between the two groups
except for the slight difference in T stage (p = 0.047). The
baseline characteristics of the LCT and non-LCT groups are
shown in Table 2. After disease progression, 28 (64%) of
44 patients in the LCT group and 68 (71%) of 96 in the
non-LCT group received subsequent treatment, most of
which were chemotherapy and antiangiogenic therapy.

Survival analysis of the overall population

The median follow-up time was 15.24 months (range: 2.10–
73.30 months). For the entire cohort, the median PFS was
12.00 months (95% CI: 10.17–13.83) and median OS was

T A B L E 4 Clinical characteristics of all-LCT, part-LCT and non-LCT groups

Characteristics All-LCT (n = 24 (%) Part-LCT (n = 52 (%) Non-LCT (n = 155 (%) p-value

Age (years) 0.604

<65 12 (50) 32 (61.5) 86 (55.5)

≥65 12 (50) 20 (38.5) 69 (44.5)

Sex 0.220

Male 23 (95.8) 47 (90.4) 131 (84.5)

Female 1 (4.2) 5 (9.6) 24 (15.5)

Smoking history 0.464

Yes 5 (20.8) 15 (28.8) 51 (32.9)

No 19 (79.2) 37 (71.2) 104 (67.1)

Recurrence after surgery 0.667

Yes 19 (79.2) 43 (82.7) 133 (85.8)

No 5 (20.8) 9 (17.3) 22 (14.2)

T stage 0.016

T 1–2 6 (25) 28 (53.8) 72 (46.5)

T 3–4 10 (41.7) 16 (30.8) 68 (43.9)

Unavailable 8 (33.3) 8 (15.4) 15 (9.7)

N stage 0.615

N0-N2 9 (37.5) 27 (51.9) 65 (41.9)

N3 13 (54.2) 20 (38.5) 78 (50.3)

Unavailable 2 (8.3) 5 (9.6) 12 (7.7)

Number of metastatic lesions 0.112

1–3 24 (100) 47 (90.4) 148 (95.5)

4–5 0 (0) 5 (9.6) 7 (4.5)

Pathology 0.792

Adenocarcinoma 13 (54.2) 32 (61.5) 95 (61.3)

Squamous cell carcinoma 11 (45.8) 20 (38.5) 60 (38.7)

PD-L1 TPS (%)

0 6 (25) 9 (17.3) 32 (20.6)

1%–49% 3 (12.5) 8 (15.4) 25 (16.1)

≥50% 6 (25) 16 (30.8) 42 (27.1)

Unavailable 9 (37.5) 19 (36.5) 56 (36.1)

Treatment 0.167

Pembrolizumab + chemotherapy 23 (95.8) 44 (84.6) 128 (82.6)

Pembrolizumab 1 (4.2) 8 (15.4) 27 (17.4)
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23.43 months (95% CI: 20.04–26.82) (Figure S3). Univariate
analysis identified LCT treatment (HR: 0.45, 95% CI: 0.64–
0.92, p = 0.016) and 1–3 metastatic lesions (HR: 0.22, 95%
CI: 0.44–0.88, p = 0.020) as being significantly associated
with better PFS. Multivariate analysis further revealed LCT
treatment (HR: 0.45, 95% CI: 0.65–0.93, p = 0.020) and 1–3
metastatic lesions (HR: 0.23, 95% CI: 0.45–0.9, p = 0.020) as
independent predictive factors for better PFS. With regard
to overall survival, univariate analysis identified LCT treat-
ment (HR: 0.32, 95%CI: 0.53–0.87, p = 0.012), 1–3 meta-
static lesions (HR: 0.19, 95%CI: 0.39–0.82, p = 0.012),
PD-L1 1–49% (HR: 0.19, 95% CI: 0.41–0.9, p = 0.025) and
PD-L1 ≥ 50% (HR: 0.22, 95% CI: 0.41–0.76, p = 0.005) as
being significantly associated with better OS. Multivariate
analysis further confirmed the LCT treatment (HR: 0.32,
95% CI: 0.53–0.87, p = 0.013), 1–3 metastatic lesions (HR:
0.17, 95% CI: 0.35–0.74, p = 0.006), PD-L1 1–49%
(HR: 0.18, 95% CI: 0.38–0.84, p = 0.016) and PD-L1 ≥ 50%
(HR: 0.2, 95% CI: 0.38–0.71, p = 0.003) as independent
predictive factors for better OS (Table 3).

Survival analysis of the LCT and non-LCT
groups

Progression events occurred in 44 of 76 (57.9%) patients
in the LCT group and 96 of 155 (61.9%) patients in the
non-LCT group. The pattern of progression of the two
groups are shown in Figure S4. The proportion of progres-
sion in both local regional and distant sites was slightly
higher in the non-LCT compared with the LCT group.
Median PFS was 13.97 months (95% CI: 12.04–15.89) in
the LCT arm versus 10.08 months (95% CI: 7.90–12.27) in
the non-LCT arm (p = 0.016) (Figure 1). Progression-
survival free rates differed at different time points between
the two groups (Figure S5A). For example, the PFS rate at
12 months was 62.0% in the LCT arm and 43.4% in the
non-LCT arm.

Death events occurred in 24 of 76 (31.6%) patients in
the LCT group and 62 of 155 (40%) patients in the
non-LCT group. Median OS was 30.67 months (95% CI:
22.20–39.14) in the LCT arm versus 21.97 months (95% CI:
18.64–25.30) in the non-LCT arm (p = 0.011) (Figure 2).
Survival rates also differed at different time points between
the two groups (Figure S5B). For example, the OS rates of the
LCT and non-LCT arms at 12 months were 83.9 and 76.4%,
the 24 month OS rates were 60.3% and 37.0%, respectively.

With regard to response rate, 42 patients (55.3%) in the
LCT group and 70 patients (45.2%) in the non-LCT group
had an objective response (ORR). The change from baseline
in the sum of the longest diameters of target lesions is
shown in Figure S6.

To further clarify the beneficial populations from LCT, we
subdivided patients by metastatic sites. The PFS and OS were
significantly improved by LCT in patients with brain metasta-
ses (Figure S7C, D) and lung metastases (Figure S7E, F). How-
ever, there was no significant difference in patients with bone

metastases (Figure S7G, H). In addition, LCT for primary
tumor also failed to improve survival compared with others.

Survival analysis of the all-LCT, part-LCT
and non-LCT groups

To better understand the effect of the LCT on survival, we
subdivided patients to all-LCT group (patients received LCT
to both primary tumor and all oligometastatic sites, n = 24),
part-LCT group (patients received LCT but not to all
lesions, n = 52) and non-LCT (patients not received LCT,
n = 155). The clinical characteristics were well balanced
between the three groups, except that patients in the all-LCT
group were more likely to be T3–4 stage (Table 4). The PFS
in the all-LAT, part-LAT, and non-LAT groups was
16.40 months (95% CI: 11.76–20.04), 13.6 months (95% CI:
10.86–16.34), and 10.08 months (95% CI: 7.90–12.27),
respectively (p (All-LCT vs. Non-LCT) = 0.031) (Figure 3a). The
OS was 31.63 months (95% CI: 17.25–46.01), 27.43 months
(95% CI: 20.56–34.30), and 21.97 months (95% CI: 18.64–
25.30), respectively (p (All-LCT vs. Non-LCT) = 0.025)
(Figure 3b).

F I G UR E 3 Progression-free survival (a) and overall survival (b) in the
all-LCT, part-LCT and non-LCT groups. LCT, local consolidative therapy

738 CHEN ET AL.



Adverse events

The most common adverse events reported were nausea,
diarrhea, neutropenia, skin rash and fatigue. The majority of
toxicities were grade 1 to 2. Adverse events of grade 3 or
higher included neutropenia, abnormal liver function, pneu-
monitis, rash, and thyroid dysfunction. There was no signifi-
cant difference in adverse events between the two groups. A
total of 3% of patients discontinued immunotherapy due to
pneumonitis. Rates of grade 3 or higher pneumonitis were
slightly higher in the LCT group versus the non-LCT group
(7.89% vs. 3.87%) but were not statistically significant
(p = 0.350). Eighty-three percent of patients with grade 3 or
higher pneumonitis received corticosteroid therapy with a
median duration of treatment of 18 days. No grade 5 toxicity
was recorded.

DISCUSSION

To the best of our knowledge, this retrospective study is the
first large-scale study to demonstrate the efficacy of LCT in
patients with synchronous oligometastatic NSCLC who
received pembrolizumab as first-line treatment. In this
report, the PFS and OS were increased in the LCT group
compared with the non-LCT group, but toxicity was not sig-
nificantly increased. Among the non-LCT group of
155 patients in our study, the median PFS and OS was
10.08 and 21.97 months, similar to the KEYNOTE-189 and
KEYNOTE-407 studies. The addition of LCT reduced the
risk of disease progression by 39% and reduced the risk of
death by 47% in our study.

At present, the benefits of local therapy combined with
targeted therapy or chemotherapy in patients with
oligometastatic NSCLC have been confirmed by many stud-
ies, including randomized clinical trials and retrospective
studies.10,20–23 However, studies on the combination of local
therapy and immunotherapy are still scarce, and should
urgently be further explored in the era of immunotherapy.

Narek et al. revealed that previous radiotherapy in
patients of KEYNOTE001 resulted in better PFS and OS
outcomes with pembrolizumab treatment than that seen in
patients who had not had previous radiotherapy, with no
reduction in quality of life. These interesting results propose
a new hypothesis of the potential of radiotherapy to convert
immunotherapy nonresponders to immunotherapy
responders.24 The PACIFIC trial has also partially con-
firmed this hypothesis by reporting on the long-term sur-
vival benefit of immunotherapy after chemoradiotherapy in
patients with stage III NSCLC.25 Recently, a single arm
phase II clinical trial aimed to evaluate whether the addition
of pembrolizumab after locally ablative therapy (completed
LAT to all known sites of disease) improved outcomes for
patients with oligometastatic NSCLC (≤4 metastatic sites)
regardless of their prior treatment.26 Of interest, they found
that PFS and OS from the start of LAT were 18.7 and
41.6 months for oligometastatic NSCLC, which is nearly

four times greater than the PFS (4 months) and OS
(12.7 months) of KEYNOTE010.27 In addition, PEMBRO-RT,
a randomized phase II study, demonstrated the augmenting
effect of SBRT on the response to pembrolizumab in patients
with metastatic NSCLC regardless of their prior treatment.28

The ORR of the experimental group (SBRT + pembroli-
zumab) was significantly improved compared with the control
group (pembrolizumab alone). In addition, the PFS (6.6
vs. 1.9 months, p = 0.19) and OS (15.9 vs. 7.6 months,
p = 0.16) were dramatically prolonged in the experimental
group but there was no significant difference, which may have
been due to the small sample size. However, the MDACC trial
evaluated the efficacy of pembrolizumab in combination with
concurrent radiotherapy for NSCLC with lung and liver
lesions. However, they found no differences in PFS between
the groups and the OS results in this study are not yet
mature.29 However, a pooled analysis including PEMBRO-RT
and MDACC trials found that the addition of radiotherapy to
pembrolizumab immunotherapy significantly increased
responses and outcomes.30 In addition, a meta-analysis
described a trend towards achieving higher ORR and longer
survival in the ICI-SABR combination group than SABR
alone. The above studies are of great significance, but undeni-
able biases exist, such as no restriction on the previous treat-
ment, and small sample size which resulted in a limited
guiding effect on precision therapy. Therefore, in this study
we focused on patients with synchronous oligometastatic
NSCLC who received pembrolizumab as first-line therapy and
found that LCT combined with pembrolizumab might have a
synergistic effect on survival in the specific population with
no increase in toxicity. The safety profile observed in our
study was consistent with previous pembrolizumab studies
combined with LCT treatment for patients with advanced
NSCLC.26,28

Few studies have revealed the efficacy of LCT by specific
sites of metastases. Here, we reported for the first time that
patients with brain and pulmonary metastases receiving
immunotherapy had survival benefit from LCT but patients
with bone metastases do not, which might help to identify
the beneficial populations from LCT. To better understand
the effect of the LCT on survival, patients were subdivided
into all-LCT, part-LCT and non-LCT groups. The present
study showed that LCT to all lesions could significantly
reduce the risk of disease progression and death compared
with non-LCT, which was consistent with a previous study
on patients with EGFR mutation.22 LCT to part lesions
failed to improve PFS compared with non-LCT. However,
part-LCT failed to improve PFS compared with non-LCT.
OS was greater in the part-LCT (27.43 months) than in the
non-LCT group (21.97 months) although the difference was
not statistically significant (HR, 0.59; p = 0.070), which
might be due to the small sample size. To the best of our
knowledge, most clinical trials have only included patients
who received LCT to all target lesions. Therefore, outcomes
of clinical trials have not shed light on whether patients who
receive LCT to only part lesions could improve survival.
Here, our study demonstrates for the first time that there
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are survival benefits for pembrolizumab-treated patients
who receive LCT only to part lesions.

Recently, more and more studies have suggested that
radiation therapy could stimulate an immune response,
increase the production of neoantigens and transform
nonimmunogenic tumors (cold tumors) into highly-
immunogenic tumors (hot tumors), known as the abscopal
effect.31,32 In addition, the abscopal effect may lead to a
survival benefit of the combination of radiotherapy and
immunotherapy. However, the mechanism of the abscopal
effect remains unclear and needs further study. Many
studies have confirmed that the response rate of
pembrolizumab-treated patients with advanced NSCLC is
dependent on the PD-L1 expression level.16,26,28,33 Consis-
tent with their findings, our study also showed a trend
toward improved outcomes in patients with high PD-L1
expression. In addition to PD-L1 expression level, we
found that the number of metastatic lesions was an inde-
pendent prognostic factor for survival. The more lesions
involved, the heavier the tumor burden, which may
account for poor survival.

To our knowledge, our study is the largest of this
research topic. However, there are some limitations. First, it
was a single center research with a relatively short median
follow-up of 15.24 months. Second, selection bias existence
was inevitable because of the retrospective nature of the
studies. For example, patients with rapidly progressing dis-
ease were not appropriate candidates for local therapy. Thus,
patients with PFS ≤2 months were excluded to reduce selec-
tion bias. In addition, the baseline clinical characteristics of
patients were balanced well between groups, indicating that
no large selection bias existed. Third, the details of local
treatment were not available, such as the operative type,
radiation dose, etc.

In conclusion, the present study highlights the potential
role of LCT in patients with synchronous oligometastatic
NSCLC during first-line pembrolizumab treatment, with
significant improvement in PFS and OS compared to sys-
temic treatment alone.
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