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Background: Immunotherapy has brought substantial benefit for patients with advanced non-small cell
lung cancer (NSCLC); however, resistance may occur, of which oligoprogression is most common. There
are no standard strategies to overcome acquired resistance, thus exploring potential effective approaches is
critical. Our study evaluated the clinical outcome of combing stereotactic body radiotherapy (SBRT) with
checkpoint inhibitors (CPIs) in oligoprogressive NSCLC.

Methods: We retrospectively reviewed patients with advanced NSCLC who received SBRT for
oligoprogressive lesions after acquired resistance to CPIs in our hospital between January 2015 and January
2021. Acquired resistance was defined as initial complete/partial response (CR/PR) followed by progression/
death. Oligo patterns of acquired resistance were defined as progression in <2 sites of disease. We evaluated
the local control rate (LR), progression-free survival (PFS-PO), overall survival (OS-PO), and safety of
combing SBRT after oligoprogression.

Results: Among 177 patients reviewed, 24 patients were included. Fifteen (62.5%) were diagnosed with
adenocarcinoma, and 20 (83.3%) were with stage IV. Before oligoprogression, immunotherapy was used as
first-line treatment in 16 (66.7%) patients, and 4 (16.7%) received monotherapy. After combing SBRT with
CPIs, the median PFS-PO and OS-PO were 11 months (95% CI: 8-NA) and 34 months (95% CI: 19-NA).
The median LC of 34 oligoprogressed lesions was 43 months (95% CI: 7.7-78.3). The 1- and 2-year LC
rates were 100% and 81.8%, respectively. Patients with adenocarcinoma, lung immune prognostic index
(LIPT) (>1), and positive PD-L1 tended to achieve favorable survival benefits.

Conclusions: We observed considerable benefit of local control and survival by combing SBRT in patients
with oligoprogression after required resistance to CPIs in NSCLC. The adverse events are well managed. Our

results suggest that combing SBRT with CPIs could be a potential strategy to overcome acquired resistance.
Keywords: Non-small cell lung cancer (NSCLC); checkpoint Inhibitor (CPI); oligoprogression; stereotactic body
radiotherapy (SBRT); survival
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Introduction

Lung cancer is the leading cause of cancer incidence and
mortality worldwide (1). Programmed cell death-1 (PD-1)
and programmed cell death ligand-1 (PD-L1) inhibitors
have fundamentally changed the first-line treatment pattern
for advanced non-small cell lung cancer (NSCLC) (2).
Despite the significant progress in checkpoint inhibitors
(CPIs) therapy for advanced NSCLC, the majority of
patients who have shown initial response to CPIs typically
exhibit acquired resistance throughout treatment (3).
Among them, 13-56% developed oligoprogression
diseases (4-6), other than systematic progression. Patients
with oligoprogression may benefit from a combination
of systemic therapy and oligoprogression-directed local
therapy (7). However, the safety and use of local therapy
for oligoprogressed lesions following acquired resistance to
CPIs have not been well evaluated.

Oligoprogression is a clinical scenario where patients
with solid metastatic tumors initially respond to systemic
therapy, but later progress to limited sites. Generally,
oligoprogression is defined as an intermediate state between
localized primary and multimetastatic cancers in which local
therapy could achieve long-term survival or cure, without
limiting primary lesions (8). A previous study has reported
the efficacy of stereotactic body radiotherapy (SBRT) to
treat early-stage lung cancer, and this treatment has become
one of the effective treatments for the disease (9).

In addition, several studies have reported the significant
efficacy of SBRT in treating pulmonary oligometastasis
(10,11). SBRT can deliver high radiation doses to
the tumor while minimizing radiation doses to the
neighboring normal tissues, resulting in a high local tumor
control rate with acceptable toxicity to normal tissues (7).
SBRT is now a standard treatment of inoperable stage
I lung cancer and advanced lung cancers with brain
oligometastases. In addition, SBRT has been reported to
be an effective strategy to delay further systemic treatment,
especially in cases where oligoprogression has occurred,
in other conditions such as lung and prostate cancer
(12,13). Moreover, SBRT is active in chemotherapy-
resistant diseases, and may enhance the immune response
by releasing tumor neoantigens following cell killing,
which allows synergistic venture between SBRT and
immunotherapeutic approaches (14,15).

However, the efficacy and safety of SBRT for
oligoprogressed lesions following acquired resistance to CPIs
have not been well documented. In this study, we assessed
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the outcome of concurrent sequential immunotherapy
in patients with advanced NSCLC who received SBRT
on oligoprogressed lesions. Our preliminary results were
presented at annual meeting of the American Society of
Clinical Oncology in 2021 (16). We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/tler-21-682).

Methods
Patients characteristics of the study cobort

This is a retrospective study, and data of patients with
advanced NSCLC were obtained from the Radiotherapy
Center of Jinling Hospital between January 2015 and
January 2021. Patients who received SBRT treatment
for oligoprogressed lesions following acquired resistance
to CPIs (anti-PD-1 or anti-PD-1.1) were reviewed
continuously. The inclusion criteria were: patients who
were diagnosed with advanced NSCLC; at least 2 doses of
CPI treatment; oligoprogression (defined as a condition
characterized by a progression in a maximum of 2 metastatic
sites, new metastases, or existing metastases); experienced
objective response [partial (PR)/complete response (CR)]
prior to oligoprogression. The exclusion criterions were:
patients with systemic progression or who received systemic
therapy other than immune CPIs during the development
of oligo-progressive disease. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). It was approved by the Ethics Committee of Jinling
Hospital (number: 2021NZKY-025-01), and the written
informed consent was waived for this retrospective analysis.

Stereotactic radiotherapy

Stereotactic Radiotherapy was performed (CyberKnife®,
Accuray, Sunnyvale, CA, USA) using technology, which
was previously reported by our group (17). To locate lesions
in internal moving organs (such as lung, liver, and adrenal
glands), one to three gold fiducials were implanted inside
or near the tumor to define the tumor position and used
for tumor tracking during SBRT. Approximately 1 week
after fiducial placement, CT simulation was performed

for treatment planning (Brilliance™™

Big Bore, Philips,
Netherlands). Different methods were used to track the
lesions at different sites. Intracranial and head and neck
tumors were tracked using six-dimensional skull tracking,

and spinal metastases were tracked using the “X sight
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spine” tracking approach. The lesions of two patients in the
upper lung were tracked using the “X sight lung” option.
For other internal moving organs, synchronous respiration
tracking (Synchrony) was employed to track the movement
of the fiducials.

Gross tumor volume (GTV) was defined as the tumor
volume delineated on simulation CT imaging and co-
registered with MRI scan (for brain metastases) or PET-CT
scan (if available). According to the disease site and organs-
at-risk, a 1-3 mm margin was added to GTV to form the
planning target volume (PTV). The dose was prescribed
based on the isodose line and covered the PT'V. Stereotactic
Radiotherapy was delivered to a total dose of 30 to 50 Gy
over 2 to 6 days. The dose equivalence was used as a linear-
quadratic model and considered by assuming a/p=10 Gy for
the tumor. The biologically effective dose (BED) ranged
from 45-124.8 Gy, and the median BED was 64.2 Gy. The
dose and fractionation schedules were developed based on
the patient’s performance status, tumor size, and location.
The dosimetry index of 34 oligoprogression sites during
radiosurgery treatment is shown in Table S1.

Endpoints and assessment

Post-oligoprogression progression-free survival (PFS-PO)
was defined as the time between the date of treatment of
oligoprogression and the date of subsequent radiologic
progression or death. Overall survival after oligoprogression
(OS-PO) was defined as the time interval between the date
of treatment of oligoprogression and the date of death or the
last follow-up. Local control (LC) was defined for specific
lesions as the time between the date of oligoprogression and
subsequent radiologic progression. For previous treatment
of CPIs, PFS was defined as the time between the first
dose of CPI and the date of radiologic oligoprogression.
Overall survival (OS) was defined as the time from the start
of therapy with CPIs to death or last follow-up. Further
analysis was performed to determine whether clinical
variables were associated with prognosis.

Statistical analysis

Kaplan-Meier analysis was used to analyze PFS, PFS-PO,
OS, OS-PO and LC. Variables related to clinical outcomes
were analyzed using univariable Cox regression models.
Comparisons of LC between subgroups of lesions were
conducted using Fisher’s exact test. For all the analyses,
the two-tailed P value <0.05 was considered statistically
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significant. All the statistical analyses were conducted using
R version 4.0.3 (http://www.r-project.org).

Results
Patients characteristics

We reviewed a total of 177 patients with stage ITI-IV NSCLC
who were treated with immunotherapy and SBRT between
January 2015 and January 2021 at the Radiotherapy Center
of Jinling Hospital. Among them, 49 received SBRT after
immunotherapy. Twenty-five experienced oligoprogression
after the initial objective response (PR/CR). Finally, 24 patients
completed SBRT after oligoprogression due to acquired
resistance were enrolled in our study (Figure I). Patient
characteristics are summarized in 7able 1, and details are
provided in Table S2. The median follow-up was 28.0 months
(range, 12 to 65 months). Among all the patients, 15 (62.5%)
were diagnosed with adenocarcinoma, and 20 (83.3%) were
with stage IV. The lung immune prognostic index (LIPI) status
was good (0) in 14 patients (58.3%) and PD-L1 expression
was positive (>1%, Tumor Proportion Score) in 13 (54.1%)
patients. 3 (12.5%), 4 (16.7%) and 5 (20.8%) patients carried
mutation of EGFR, KRAS and TP53, respectively.

The main features of immunotherapy and oligoprogression
are listed in Table 2. Immunotherapy was used as first-line
treatment in 16 (66.7%) patients. Four (16.7%) of patients
received monotherapy, the others were combined with
chemotherapy (11 patients), anti-angiogenesis (5 patients) and
chemotherapy + anti-angiogenesis (4 patients), respectively.
Six (25%) and 18 (69.2%) patients achieved CR and PR on
immunotherapy, respectively. The 34 oligoprogression sites
included brain (n=14, 41.2%), lung (n=10, 29.4%), lymph node
(n=5, 14.8%), adrenal gland (n=3, 8.8%), liver (n=1, 2.9%),
and cervical vertebra (n=1, 2.9%). After combining SBRT
with the continued immunotherapy since oligoprogression, 7
patients added anti-angiogenesis or chemotherapy to the initial
treatment. 17 patients (70.8%) received the same treatment as
before, 7 (41.2%, 7/17) of them received monotherapy. Among
17 patients with combination strategy after oligoprogression,
1, 3 and 13 patients combined with chemotherapy + anti-
angiogenesis, chemotherapy and anti-angiogenesis, respectively.

Outcomes analyses

Among the patient experiencing the previous line of
immunotherapy, the median PFS was 10 months (95%
CI: 9-13) (Figure 2A4). The median OS from the first
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n=177

Patients treated with stage Ill-IV NSCLC in Radiotherapy Center
from January, 2015 to January, 2021

Excluded

Patients given SBRT before immunotherapy (n=63)
Patients received less than two cycles of
immunotherapy before SBRT (n=2)

Y

n=49

Patients given immunotherapy followed by SBRT treatment

Y

Excluded
Progression in minimum three metastatic sites
after the first immunotherapy (n=11)

Y

immunotherapy
n=38

Progression in maximum two metastatic sites after the first

> o

Excluded
PD or SD as the best response after the first
immunotherapy (n=13)

Y

n=25

CR or PR before oligoprogression

Excluded
Patients failed to complete SBRT(n=1)

Y

Patients included in the analysis
n=24

Figure 1 Flowchart of patient selection. SBRT, stereotactic body radiotherapy; CR, complete response; PR, partial response; SD, stable

disease; PD, progressed disease.

time of immunotherapy was 51 months (95% CI: 29-
NA) (Figure 2B). The median PFS-PO and OS-PO
post oligoprogression were 11 months (95% CI: 8-
NA) and 34 months (95% CI: 19-NA) (Figure 2C,2D).
The treatment landscape of each patient is shown in
Figure 3. The univariable analysis (Tables S3,54) showed
that pathology of squamous predicts shorter PFES/OS/0OS-
PO, LIPI (>1) predicted shorter PFS and OS-PO, and
positive PD-L1 at baseline was associated with prolonged
OS and OS-PO. Meanwhile, EGFR mutations were
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associated with a higher risk of PFS-PO. No difference
was observed in treatment line and strategy (mono vs.
combination) on PFS/PFS-PO/OS/OS-PO. Patients
with modified strategy after oligoprogression showed
no difference in PFS-PO (16 vs. 11 months, P=0.979)
and OS-PO (34 vs. 22 months, P=0.663) compared with
those continued with the same treatment or maintenance
treatment.

Among all oligoprogression sites, the best response
was CR in 11 (32.4%) sites, PR in 17 (50.0%) sites, SD in
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Table 1 Baseline patient characteristics
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Variable N (%)
Age (years), median (range) 63 (37-82)
Male gender 17 (71.8)
Pathology

Adenocarcinoma 15 (62.5)

Squamous cell carcinoma 9 (37.5)
Stage

1] 4(16.7)

\% 20 (83.3)
ECOG

0 14.2)

1 15 (62.5)

2 8(33.3)
Smoking History

Never 11 (45.8)

Former 2(8.4)

Always 11 (45.8)
LIPI

0 14 (58.3)

1 8 (33.3)

2 2(8.4)
PD-L1

Positive (=1%) 13 (64.1)

Negative (<1%) 10 (41.7)

Unknown 14.2)
EGFR

Mutant 3(12.5)

Wildtype 17 (70.8)

Unknown 4 (16.7)
ALK

Wildtype 20 (83.9)

Unknown 4 (16.7)
KRAS

Mutant 4(16.7)

Wildtype 13 (54.1)

Unknown 7(29.2)

Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.

Table 1 (continued)

Variable N (%)
TP53
Mutant 5(20.8)
Wildtype 10 (41.7)
Unknown 9 (37.5)

ECOG, performance score of Eastern Cooperative Oncology
Group; LIPI, the lung immune prognostic index.

3 (8.8%) sites and PD in 3 (8.8%) sites. The median L.C
was 43 months (95% CI: 7.7-78.3) (Figure 4). The 1-year
and 2-year LC rates were 100% and 81.8%, respectively.
For the most common observed lesion of brain, the best
response was CR in 5 (35.7%) sites, PR in 8 (57.1%) sites,
and SD in 1 (7.1%) site. No difference was found in ORR
and LC between the brain and non-brain lesions.

Among all the patients who received local therapy at the
time of oligoprogression, Grade 3—4 and Grade 1-2 adverse
events (AEs) occurred in 5/24 patients and 10/24 patients,
respectively (Table 3). 6 patients experienced radiation-
related AEs, 5 with grade 1-3 radiation-induced pneumonia,
and 1 with grade 3 radiation-induced brain edema.

Discussion

The use of CPIs has significantly improved the outcome
of advanced lung cancer patients, especially for the subset
of patients with an initial response. However, acquired
resistance occurs in most patients, of which oligoprogression
is most common (3,5). Currently, there are no standard
strategies to overcome acquired resistance, thus exploring
potential effective approaches is critical. Several studies have
discussed prolonged survival by continuing CPIs beyond
progression or combing with local therapy (5,6,18,19).
To the best of our knowledge, our study first reported the
efficacy and safety of combing SBRT to the ongoing CPIs
in NSCLC patients who developed oligoprogression after
initial response.

Previous studies have shown that patients with
oligoprogression often developed resistance later than
(median PFS: 6.4-13 months) those with systemic
progression (3,4,6,20). Therefore, our PFS of 10 months
before oligoprogression showed a comparable baseline of
enrolled patients with previous observations. After acquired
resistance (PR/CR to initial CPI treatment), the median
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Variable N (%)
Type of immunotherapy (CPI Strategy)

Monotherapy 4(16.7)

Combination 20 (83.3)
Lines of immunotherapy before oligoprogression

1 16 (66.7)

2 5(20.8)

3 3(12.5)
Response to immunotherapy before oligoprogression

CR 6 (25.0)

PR 18 (75.0)
No. of oligoprogression

1 14 (58.3)

2 10 (41.7)
Site of oligoprogression

Brain 14 (41.2)

Lung 10 (29.4)

Lymph node 5(14.8)

Adrenal gland 3(8.8)

Liver 1.9

Cervical vertebra 1(2.9)
Pattern of oligoprogression

New metastasis 16 (47.1)

Existing metastasis 18 (52.9)
Type of immunotherapy after oligoprogression (CPI Strategy-PO)

Monotherapy 7(29.2)

Combination 17 (70.8)
Change of CPI Strategy

Consistent Strategy (continue previous treatment or maintenance strategy) 17 (70.8)

Monotherapy to combination 3(8.8)

Adjusted combination 4(16.7)

Values presented are n (%) unless otherwise noted. CPI, checkpoint inhibitor; CR, complete response; PR, partial response; CPI Strategy-

PO, strategy of checkpoint inhibitor post oligoprogression.

OS for all patients neglecting patterns of progression
(oligo- or systemic) and following treatment strategies was
18.9 months (3). Specifically, treatment beyond progression
(TBP) (after resistance) of CPIs tended to achieve longer

© Translational Lung Cancer Research. All rights reserved.

OS (12.9-17.8 months) post-progression than those who
stopped CPIs immediately after PD (3.7-4.3 months)
(18,21). Our OS-PO at 34 months brought a promising
survival for patients after progression. Among TBP
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Figure 2 Kaplan-Meier curves of progression-free survival (PFS) (A), progression-free survival post oligoprogression (PFS-PO) (B), overall

survival (OS) (C) and overall survival post oligoprogression (OS-PO) (D).

after oligoprogression, combing with local therapy was
often administrated (5,20). However, a comprehensive
summary of survival by combing SBRT to CPIs after
oligoprogression due to acquired resistance was lacking,
thus similar studies were reviewed. Campbell er al. (22)
reported a disease control rate at 57.14%, mPFS at 4.1
months and mOS at 7.6 months after combing SBRT
with CPIs on one of the progressed sites (>2 measurable

© Translational Lung Cancer Research. All rights reserved.

sites) among patients progressed on immunotherapy. Xu
et al. (6) reported a PFS2(defined as the time from the
first cycle of immunotherapy to the second progression
or death) of 15 months and an OS of 26.4 months by
combing radiotherapy with CPIs after progression. One
difference to the present study is that, patients with best
response of stable disease to CPIs were included, its
impact on survival post progression is unknown. Our
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results revealed 11 months’ PFS-PO and 34 months’
OS-PO in oligoprogressed patients after PR/CR to initial
CPI treatment. Our results indicate that combing SBRT
with CPIs might be a promising strategy to overcome
acquired resistance for patients with oligoprogression
disease and result in considerable survival benefits.
Meanwhile, consistent with concerns on TBP (6,23),
predictive biomarkers were warranted to identify patients
more likely to benefit from TBP. Our study confirmed that
patients with better LIPI were more likely to benefit from
CPI’s (24) (Tables S3,54), as well as patients with positive
PD-L1 expression or adenocarcinoma. Besides, they not
only had better benefits with higher PD-L1 expression
in the TBP group, but also they tended to develop more
oligoprogression than systemic progression compared
with lower PD-L1 expression (4). These results suggest
that immunologic tumor control could be an essential
prerequisite for both occurrence of oligoprogression and
benefits for TBP. Furthermore, consistent with a previous
study (25), patients with EGFR mutation tented to have
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Table 3 Summary of adverse events during treatment since oligoprogression

CPI based treatment related (n)

RT related (n)

Adverse event category

Total (n, %)

Grade 1-2 Grade 3-4 Grade 1-2 Grade 34
Pneumonia 0 1 4 1 6 (25%)
Kidney damage 2 0 0 0 2 (8.3%)
Hypophysitis 2 0 0 0 2 (8.3%)
Thyroiditis 2 0 0 0 2 (8.3%)
Skin reaction 1 1 0 0 2 (8.3%)
Hypothyroidism 1 0 0 0 1(4.2%)
Stubborn brain edema 0 0 0 1 1(4.2%)
Hemoptysis 0 1 0 0 1(4.2%)

CPI, checkpoint inhibitor; RT, radiotherapy.

poor PFS-PO (mPFS-PO, 8 vs. 12 months). While no
difference in PFS, OS and OS-PO induced by EGFR
mutation was observed, the small number of 3 EGFR-
mutated patients was insufficient to confirm this finding.
Notably, we did not observe the difference of PFS/PES-
PO/0OS/OS-PO between groups with varying treatment
strategies either (monotherapy vs. combination, using
a modified strategy or not after oligoprogresssion), the
limited sample size might be insufficient to clarify their
impact. Analysis with a larger sample size is critical to
identify the predive ability to confounding factors.

Our results also achieved considerable benefit of local
control (mLC at 43 months, 1- and 2-year LC rates at
100% and 81.8%, respectively), with no difference between
intra- and extra-cranial lesions. Since response and local
control of specific lesions were barely reported, these
results may be helpful for patients and physicians before
administration.

Our results might partially attribute the considerable re-
response and survival benefits to CPIs after combing SBRT
to the synergy of radiotherapy and immunotherapy (26).
Resistance of CPIs might be induced by tumor-mediated
immunosuppression (27), defects in antigen presentation (28),
altered interferon signaling, additional inhibitory checkpoints (29)
etc. Radiotherapy has shown potential in reshaping the
immune microenvironment (26,30), the mechanisms included
triggering type I IFN production, upregulating MHC-I
expression, increasing tumor-infiltrating immune cells
(22,31,32), etc., thus restored the response to CPIs. Currently,
radiotherapy has become a standard intervention for patients
with radical lung cancer. It is also widely explored in metastatic
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cancer, with concurrent systemic therapy or as an additional
intervention to overcome progressions (10,11,30,33,34). Our
current findings and contemporaneous studies (5,6), have put
forward radiotherapy and its potential to derive considerable
clinical benefits in patients with oligoprogression after CPIs.

In addition, the toxicity of concurrent radiotherapy is a
major concern (35). Among radiotherapies, SBRT enables
the delivery of radiation with millimeter precision and allows
a high tumoricidal dose with minimizing dose to neighboring
tissues. Accumulating data suggested that SBRT and
immunotherapy have non-intersecting and complementary
toxicity profiles, the reported moderate and significant actual
toxicities were rare and relatively safe (30,35). Our study
reported that 25% of the patients had radioactive adverse
events, and 20.8% developed 3—4 grades of AEs, which were
clinically not significant and well managed by symptomatic
treatment. The dosage and toxicity profiles were comparable
to reports in concurrent SBRT and CPlIs therapies (30,34,36),
confirming its safety in patients with oligoprogression. Taken
together, combing SBRT with CPIs has brought considerable
safety and acceptable clinical outcome. Moreover, given the
potential synergistic effect with immunotherapy, it might
be a promising combing strategy of CPIs for metastatic
cancers not restricted to oligoprogression. However, further
studies are needed to validate the proper timing, dosages and
scenarios.

Meanwhile, the results of present study should be
cautiously interpreted due to its intrinsic limitations.
First, the retrospective design with a small number of
patients might introduce patient selection bias and distort
the results estimate. Second, the baseline characterizes
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are heterogeneous, such as different CPIs and treatment
lines. In addition, patients without radiotherapy could
not be systematically reviewed due to the radiotherapy
limitation in our department. A prospective study design
and comparing patients treated with and without SBRT
after acquired resistance, as well as a comparison between
different combining strategy (with chemotherapy vs. anti-
angiogenesis), may comprehensively clarify the benefit of
combing SBRT.

In summary, our data preliminarily suggest that
combing SBRT to the continuing CPIs in patients with
oligoprogression after required resistance on CPlIs is feasible
and safe and has brought considerable survival benefit.
Patients with adenocarcinoma, LIPI (>1) and positive PD-
L1 tended to achieve better survival improvement. Our
findings may assist decision-making when continuing CPIs
beyond progression and provide a comprehensive reference
for the efficacy and safety of combing SBRT. At the same
time, further investigations with larger simple size and
control cohort are warranted to comprehensively evaluate
the clinical outcome and potential predictive biomarkers.
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