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Background: Data focusing on the synergistic effect of programmed cell death 1 (PD-1) inhibitors and
brain radiotherapy for brain metastases (BMs) in lung cancer is scarce.

Methods: A total of 60 lung cancer patients receiving PD-1 inhibitors with or without brain radiotherapy
were identified in this retrospective study. The primary endpoints were intracranial progression-free survival
(iPFS), extracranial progression-free survival (PFS), and overall survival (OS) among three groups.

Results: Twenty-one patients received PD-1 inhibitors and concurrent brain radiotherapy, 20 patients were
treated with PD-1 inhibitors and non-concurrent brain radiotherapy, and the other 19 patients were treated
with PD-1 inhibitors alone. Patients in the concurrent group achieved a higher intracranial objective response
rate (IORR, 61.1% vs. 29.4% vs. 25.0%) and a higher intracranial disease control rate iDCR, 83.3% vs. 58.8%
vs. 56.3%) compared with those in the non-concurrent group and PD-1 inhibitors alone group. The median
iPFS was significantly longer in the concurrent group than the non-concurrent group and the PD-1 inhibitors
alone group (9.8, 5.7, and 4.8 months, P=0.039, respectively). The median PFS were 9.2, 5.7 and 4.6 months
(P=0.347) in the concurrent group, non-concurrent group and PD-1 inhibitors alone group. And the median
OS were not reached, 12.1 and 6.9 months (P=0.206), respectively. Multivariate analysis revealed that the lack
of concurrent brain radiotherapy was independently associated with a shorter iPFS.

Conclusions: PD-1 inhibitors with concurrent brain radiotherapy achieved a higher iORR, iDCR, and
iPFS in lung cancer patients with treated or newly diagnosed BMs.
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Introduction Immune checkpoint inhibitors (ICIs), such as

programmed death receptor 1 (PD-1) inhibitors, improve

Approximately 50-65% of lung cancer patients have brain survival in patients with advanced lung cancer (4-7).

metastases (BMs) during the course of their illness (1). The However, patients with unstable BMs have been excluded

presence of BM is an indication of a poor prognosis (2), in most pivotal immunotherapy clinical trials. An analysis
especially for untreated BM patients, who have a median of clinical trials for advanced non-small cell lung cancer
survival time of only 1-2 months (3). (NSCLC) showed only 27.7% of studies allowed enrolment
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of patients with untreated asymptomatic BMs, and only
3.7% included patients with symptomatic or progressive
BMs (8,9). To determine the activity of PD-1 blockade
in the central nervous system (CNS), a phase II trial
enrolled 42 NSCLC patients with untreated BMs receiving
pembrolizumab. The results showed that 29.7% of patients
with a PD-L1 expression of at least 1% achieved an
intracranial response (10).

Although the CNS was once considered an immune-
privileged site, BMs can exist in an inflammatory
microenvironment and contain pre-existing tumor-
infiltrating lymphocytes (11,12). T cells within the tumor
microenvironment are responsible for the activity of PD-1
inhibitors in treating intracranial lesions (11,12). Several
preclinical reports have noted the synergistic effects of
radiotherapy and anti-PD-1 immunotherapy on local
control and the abscopal response (13,14). Preclinical
studies have suggested radiotherapy enhances many of
the steps needed for generating antigen-specific immune
responses, including dendritic cell activation, antigen cross-
presentation, inflammatory tumor-cell death, and cytotoxic
T-cell activation and proliferation (13). This suggests
radiotherapy and immunotherapy may be synergistic.
Clinical data focusing on the synergistic effect of PD-1
inhibitors and brain radiotherapy for BMs in lung cancer
is limited. This study evaluated the efficacy of concurrent
PD-1 inhibitors with brain radiotherapy for BMs in patients
with lung cancer in clinical practice. We present the
following article in accordance with the STROBE reporting
checklist (available at https://dx.doi.org/10.21037/apm-21-
2334).

Methods
Patients

This was a retrospective observational study, and patient
information was collected from the hospital database. There
was no direct intervention in patients’ treatment. From
August 2018 to April 2020, lung cancer patients with BMs
receiving PD-1 inhibitors were identified at the Cancer
Center, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, Hubeli,
China. Sixty-eight patients were identified, with eight
excluded, leaving 60 patients for analysis. The inclusion
criteria for this study were as follows: (I) histologically
or cytologically confirmed lung cancer, including lung
adenocarcinoma, squamous cell lung carcinoma, and
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small cell lung cancer (SCLC); (I) BMs confirmed by
computerized tomography or magnetic resonance imaging,
including treated or newly diagnosed, symptomatic or
asymptomatic; (III) the patients had received immediate
or delayed PD-1 inhibitor immunotherapy after BM. The
key exclusion criteria included the following: (I) a previous
malignancy other than lung cancer; (II) leptomeningeal
metastases; (III) receipt of immunotherapy before the
diagnosis of BM; (IV) absence of detailed treatment
information. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology. Patient data were retrieved from the
hospital medical record system, so an informed consent
form was not required. The patients’ personal data has been
secured.

Treatment

Baseline assessments included complete blood count,
serum tumor marker, hepatic function, renal function
electrolytes, computed tomography (CT) scanning, and
magnetic resonance imaging (MRI). PD-1 inhibitors
included nivolumab, pembrolizumab, or other PD-1
inhibitors approved in China. The PD-1 inhibitors were
administered until disease progression or unacceptable
toxicity. Conventional chemotherapy was allowed at the
physicians’ discretion. Brain radiotherapy used in this study
included stereotactic radiosurgery/stereotactic radiotherapy
(SRS/SRT) and whole brain radiotherapy (WBRT). SRS/
SRT was administered with CyberKnife 10.5 (American
Accuray Company CyberKnife VSI). Prescription doses
were determined by the treating physicians. SRS/SRT was
typically delivered with 16-36 gray (Gy) by 1-4 fractions
(F). WBRT was generally delivered with 30 Gy/10 F and
36 Gy/12 F. The tumor response was evaluated using the
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST).

Statistical analysis

The primary endpoints of our analysis were intracranial
progression-free survival (iPFS), extracranial progression-
free survival (PFS), and OS. iPFS was defined as the
time from the first day of immunotherapy to the date of
intracranial disease progression, recurrence, or death due
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to any cause. PFS was defined as the time from the first
day of immunotherapy to the date of extracranial disease
progression, recurrence, or death due to any cause. OS
was measured from the first day of immunotherapy to the
date of death or the last follow-up. The iPFS, PFS, and
OS were calculated with the Kaplan-Meier method, and
comparisons between groups were analyzed using log-
rank tests with 95% confidence intervals (CIs). All tests of
statistical significance were 2-sided, and a P value <0.05 was
considered statistically significant. Multivariate analyses
using the Cox proportional hazards model were performed,
and variables with P<0.05 in the univariate analysis were
included. All analyses were performed using SPSS Statistics
(version 24.0; IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics

The 60 patients had a median age of 60 years (range,
31-76 years), and 46 patients (76.7%) were male. Forty-
six patients had lung adenocarcinoma, nine patients had
SCLC, and three patients had other histological types.
Most patients (88.3%) had an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) score
of 0-1. Thirty-eight (63.3%) and 22 (36.7%) patients were
ever smokers and never smokers, respectively. Ten patients
(16.7%) had epidermal growth factor receptor (EGFR)
positive mutations, and nine of these patients previously
received EGFR-TKIs and progressed before enrolment in
this study. Patients with synchronous and metachronous
BMs accounted for 63.3% and 36.7%, respectively. The
proportion of symptomatic BMs was 55%. Forty-four out
of 60 patients had extracranial metastasis. The majority of
patients were in the diagnosis-specific Graded Prognostic
Assessment (DS-GPA) (15) class 0-2 (70%), whereas
18 patients (30%) were in class 2.5-4.0. The baseline
characteristics of patients in the concurrent group, non-
concurrent group, and PD-1 inhibitors alone group are
shown in Table 1. Except for intracranial symptoms and
lines of immunotherapy, other clinical features were well
balanced between the groups.

Treatment outcomes

All 60 lung cancer patients with BMs received PD-1
inhibitors. PD-1 inhibitors were delivered as first-line
therapy in 26 patients (43.3%). Among the 60 patients,
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21 patients received PD-1 inhibitors and concurrent
brain radiotherapy (concurrent group), 20 patients were
treated with PD-1 inhibitors and non-concurrent brain
radiotherapy (non-concurrent group), and 19 patients
were treated with PD-1 inhibitors alone (PD-1 inhibitors
alone group). In the concurrent group, the median interval
between PD-1 inhibitors and brain radiotherapy was
9 days (range, 0-37 days). In the concurrent group, non-
concurrent group, and PD-1 inhibitors alone group, the
intracranial objective response rates iORR) were 61.1%,
29.4%, and 25.0%, respectively, and the intracranial disease
control rates (iDCR) were 83.3%, 58.8%, and 56.3%,
respectively (1able 2).

The median iPFS was significantly longer in the
concurrent group than in the non-concurrent and PD-1
inhibitors alone groups (9.8 vs. 5.7 vs. 4.8 months, P=0.039,
respectively). The median PFS of the three groups was 9.2,
5.7, and 4.6 months (P=0.347), respectively, and the median
OS was not reached, 12.1, and 6.9 months (P=0.206),
respectively (Figure I). Subgroup analysis showed that first-
line immunotherapy showed a trend toward a higher iPFS
(7.8 vs. 4.3 months, P=0.079), PFS (10.9 vs. 5.7 months,
P=0.051), and OS (13.1 vs. 8.0 months, P=0.097) compared
with > second-line immunotherapy (Figure 2).

Prognostic factors

Clinical features were evaluated to determine their
prognostic significance on survival. Univariate analysis
showed that lack of concurrent brain radiotherapy and
never smoking were adverse prognostic factors for iPFS in
all 60 patients (7able 3). Adverse prognostic factors for PFS
included the female sex, never smoking, and an ECOG
score >2. Never smoking and an ECOG score >2 were also
adverse prognostic factors for OS. Multivariate analysis
revealed that lack of concurrent brain radiotherapy was
independently associated with a shorter iPFS (Table SI).
Never smoking was an independent adverse prognostic
factor for iPFS (HR, 1.968, 95% CI, 1.023-3.785, P=0.043)
and OS (HR, 2.293, 95% CI, 1.049-5.011, P=0.038). An
ECOG score >2 was an independent adverse prognostic
factor for iPFS (HR, 2.650, 95% CI, 1.049-6.696, P=0.039)
and PFS (HR, 2.437, 95% CI, 1.076-5.520, P=0.033).
We also explored the survival of never smokers and ever
smokers. The median iPFS (7.0 vs. 3.9 months, P=0.015),
PFS (12.1 vs. 4.0 months, P=0.009), and OS (13.1 wvs.
7.5 months, P=0.029) were all significantly longer in ever
smokers compared with never smokers (Figure 3).
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Table 1 Patient characteristics

Characteristics Concurrent group, n=21 (%) Non-concurrent group, n=20 (%) PD-1 inhibitors alone group, n=19 (%) P

Sex 1.000
Male 16 (76.2) 15 (75.0) 15 (78.9)
Female 5(23.8) 5(25.0) 4(21.1)

Age (y) 0.207
>60 10 (47.6) 6 (30.0) 11 (67.9)
<60 11 (52.4) 14 (70.0) 8 (42.1)

Smoking status 0.833
Ever smoker 14 (66.7) 13 (65.0) 11 (67.9)
Never smoker 7 (33.3) 7 (35.0) 8 (42.1)

ECOG score 0.234
0-1 20 (95.2) 18 (90.0) 15 (78.9)
>2 1(4.8) 2(10.0) 4(21.1)

Histological type 0.863
Adenocarcinoma 17 (81.0) 15 (75.0) 14 (73.7)
Others 4 (19.0) 5(25.0) 5 (26.3)

EGFR mutation status 0.519
Wild type 12 (67.1) 14 (70.0) 12 (63.2)
Positive mutation 6 (28.6) 2(10.0) 2 (10.5)
Not examined 3(14.3 4 (20.0) 5(26.3)

Number of brain metastases 0.274
<3 13 (61.9) 11 (65.0) 15 (78.9)
>3 8 (38.1) 9 (45.0) 4(21.1)

Brain metastases time 0.204
Synchronous 11 (52.4) 12 (60.0) 15 (78.9)
Metachronous 10 (47.6) 8 (40.0) 4(21.1)

Intracranial symptoms 0.001
Symptomatic 18 (85.7) 10 (50.0) 5(26.3)
Asymptomatic 3(14.3) 10 (50.0) 14 (73.7)

Extracranial metastasis 0.839
Present 16 (76.2) 15 (75.0) 13 (68.4)
Absent 5(23.8) 5(25.0) 6 (31.6)

DS-GPA 0.725
0-2 16 (76.2) 13 (65.0) 13 (68.4)
2.5-4 5(23.8) 7 (35.0) 6 (31.6)

Table 1 (continued)
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Characteristics Concurrent group, n=21 (%) Non-concurrent group, n=20 (%) PD-1 inhibitors alone group, n=19 (%) P
Immunotherapy 0.010
1st line 9 (42.9) 4(20.0) 13 (68.4)
>2nd line 12 (67.1) 16 (80.0) 6 (31.6)
Chemotherapy 0.192
Yes 10 (47.6) 10 (50.0) 14 (73.7)
No 11 (52.4) 10 (50.0) 5 (26.3)
Brain radiotherapy
SRS/SRT 12 (57.1) 11 (65.0) - 0.890
WBRT 9 (42.9) 9 (45.0) -

DS-GPA, diagnosis-specific Graded Prognostic Assessment; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth
factor receptor; PD-1, programmed cell death 1; SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; WBRT, whole brain

radiotherapy.

Table 2 Efficacy and outcomes

Variable Concurrent group (n=21)

Non-concurrent group (n=20)

PD-1 inhibitors alone group (n=19)

Intracranial efficacy

iORR 61.1%

iDCR 83.3%
Survival

median iPFS (months) 9.8

median PFS (months) 9.2

median OS (months) Not reached

29.4% 25.0%
58.8% 56.3%
5.7 4.8
5.7 4.6
121 6.9

iORR, intracranial objective response rate; iDCR, intracranial disease control rate; iPFS, intracranial progression-free survival; OS, overall

survival; PFS, progression-free survival; PD-1, programmed cell death 1.

Discussion

Although PD-1 inhibitors are being studied extensively
in various cancers with encouraging outcomes, the
efficacy of immunotherapy and radiotherapy for BMs
is still unconfirmed. This study evaluated the outcomes
of 60 lung cancer patients receiving PD-1 inhibitors
with or without brain radiotherapy. PD-1 inhibitors
combined with concurrent brain radiotherapy resulted in a
significantly longer iPFS compared to non-concurrent brain
radiotherapy and PD-1 inhibitors immunotherapy alone.
The PFS and OS were also longer in the concurrent group,
though the difference did not reach statistical significance.
Historically, most therapeutic approaches have provided
limited clinical benefit for CNS metastases patients,
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highlighting the need to explore the intracranial efficacy of
novel therapeutics. Pembrolizumab demonstrated activity
in BMs of NSCLC and melanoma patients in a phase 11
trial (10,16). Results indicated that 11 (29.7%) NSCLC
patients with a PD-L1 expression >1% and 6 (26%)
melanoma patients had a BM response (16). But there
were no responses in NSCLC patients with PD-L1 less
than 1% or unevaluable (10). Nivolumab is also active in
NSCLC patients with BMs, and the intracerebral activity
is similar to extracerebral efficacy with iOOR ranging from
9-28.1%, a median iPFS of 2.2-3.9 months, and a median
OS of 7.5-14.8 months (17-19). Exploratory analyses of
the phase III OAK study indicated atezolizumab showed
a trend toward OS benefit and led to a prolonged time
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to radiographic identification of new symptomatic brain
lesions compared with docetaxel in patients who had a
history of asymptomatic, treated BMs (20).

Several retrospective studies have described the
synergistic effects on local and distant tumor control when
radiotherapy was combined with immune checkpoint
inhibitors (ICIs). Stereotactic radiosurgery (SRS) with
concurrent ICIs demonstrated a superior best objective
lesion-specific response (BOR), overall objective response
(OOR), and response durability than lesions treated with
SRS and delayed ICIs (21). The concurrent use of ICIs and
SRS to treat NSCLC patients with BMs achieved more
rapid BM regression. Patients receiving concurrent ICls
showed increased rates of CNS complete response for BMs
treated with SRS. There was no increased rate of radiation

necrosis or intratumoral hemorrhage in the patients
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receiving concurrent ICIs (22), but there was no statistically
significant difference in OS or iPFS between concurrent
ICI and SRS alone groups in this study (22). The ICIs in
these two studies included anti-CTLA4, anti-PD-1, and
anti-PD-L1 (21,22). In addition, different cancers such
as lung cancer, melanoma, renal cancer, and breast cancer
were included for analysis (21), which might have created
heterogeneity within the treatment cohort.

A retrospective study enrolled a total of 17 NSCLC
patients receiving SRT and anti-PD-1/PD-L1 therapy with
nivolumab or durvalumab for the treatment of BMs. The
6-month rate of distant brain control following SRT during
or prior to anti-PD-1/PD-L1 therapy was 57% compared
to 0% for patients who received anti-PD-1/PD-L1 therapy
before SRT (23). Chen ez 4l. (12) retrospectively analyzed
the efficacy of concurrent ICI and SRS/SRT for BMs in
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Table 3 Univariate analysis of prognostic factors for 60 patients

iPFS PFS oS
Factors
HR P HR P HR P
Sex (female vs. male) 1.878 0.082 2.283 0.028 1.723 0.206
Age <60 (vs. >60) 1.070 0.841 1.106 0.778 0.735 0.439
Never smoker (vs. ever smoker) 2.184 0.018 2.415 0.012 2.323 0.034
ECOG score >2 (vs. 0-1) 2.216 0.050 2.360 0.037 2.431 0.046
Adenocarcinoma (vs. others) 0.832 0.633 0.720 0.406 0.603 0.237
EGFR wild type (vs. mutation) 0.571 0.180 0.451 0.069 0.396 0.059
Brain metastases >3 (vs. <3) 1.204 0.580 1.113 0.764 0.929 0.855
Metachronous BM (vs. synchronous) 1.298 0.437 1.844 0.083 1.717 0.168
Asymptomatic BM (vs. symptomatic) 1.357 0.357 1.283 0.476 1.164 0.694
Extracranial metastasis (vs. no) 1.784 0.171 2.215 0.083 2.592 0.082
DS-GPA (0-2 vs. 2.5-4) 1.949 0.113 2.253 0.075 2.208 0.115
Immunotherapy (1st line vs. = 2nd line) 0.555 0.084 0.492 0.056 0.507 0.103
Chemotherapy (yes vs. no) 1.176 0.628 1.382 0.371 1.155 0.714
Brain radiotherapy (SRS/SRT vs. WBRT) 1.132 0.765 0.779 0.571 0.887 0.818
Concurrent brain radiotherapy 1 (ref) 0.049 1 (ref) 0.358 1 (ref) 0.221
Vs. non-concurrent brain RT 2.780 1.851 1.619
Vs. PD-1 inhibitors alone 1.483 1.583 2.325

BM, brain metastases; DS-GPA, diagnosis-specific Graded Prognostic Assessment; ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor; iPFS, intracranial progression-free survival; OS, overall survival; PFS, progression-free survival; PD-1,
programmed cell death 1; RT, radiotherapy.
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NSCLC, melanoma, and renal cell carcinoma. ICIs used
in this study included anti-CTLA4 (ipilimumab) and anti-
PD-1 (nivolumab and pembrolizumab). Concurrent SRS/
SRT and ICI treatment was associated with an improved OS
compared to SRS/SRT only and non-concurrent SRS/SRT
and ICI, with a median OS of 24.7, 12.9, and 14.5 months,
respectively (12). Another study also showed that 37 lung
patients treated with concurrent SRS and PD-1 pathway
inhibitors had longer OS and reduced rates of distant
brain failure (DBF) as compared with patients treated
with SRS prior to or after PD-1 pathway inhibitors (24).
A secondary analysis of the KEYNOTE-001 phase I trial
showed that previous extracranial or thoracic radiotherapy
before pembrolizumab in patients with advanced NSCLC
resulted in a longer PFS and OS than that in patients who
did not have previous radiotherapy (25). However, another
study suggests that extracranial or prolonged courses of
radiotherapy increase the risk of severe lymphopenia, which
is associated with poorer survival in patients treated with
ICIs (26). The present study was restricted to lung cancer,
and all 60 patients were treated with PD-1 inhibitors with or
without brain radiotherapy. Our results showed that PD-1
inhibitors combined with concurrent brain radiotherapy
achieved a significantly longer iPFS than non-concurrent
brain radiotherapy or PD-1 inhibitor immunotherapy
alone. There was also a trend toward a longer PFS and OS
in the concurrent group.

Tumor PD-L1 expression is associated with an increased
likelihood of an NSCLC response to ICIs. Tégldsi (27)
observed that there was no or only limited concordance
of the proportion of PD-1 or PD-L1 positive tumor-
associated immune cells between the paired primary lung
adenocarcinoma and BM samples, which suggested that
BMs developed their own immune environment. However,
a strong correlation of PD-L1 positive tumor cells between
primary lung adenocarcinoma cases and their corresponding
BMs was found. The result suggested PD-L1 positivity in
the primary tumor could serve as a therapeutic criterion for
BMs (27). In addition, increased density or number of CD3"
and CD8" tumor- infiltrating lymphocytes in brain tumor
specimens is correlated with improved survival (8). Other
putative predictive biomarkers for PD-1/PD-L1 checkpoint
inhibitors include smoking history, tumor mutational
burden (TMB), oncogenic driver status, and tumor
histology (28,29). A multicenter, real-world, retrospective
cohort study demonstrated that a smoking history might
be the most important predictor of benefit from anti-
PD-1/PD-L1 monotherapy in patients with oncogene-
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driven NSCLC (30). This result is consistent with our
study. Tobacco smoke induces PD-L1 expression on lung
epithelial cells, so smokers have a higher PD-L1 expression
than nonsmokers. The aryl hydrocarbon receptor mediates
tobacco-induced PD-L1 and predicts the response to
immunotherapy (31).

This study is limited by the retrospective analysis and
small sample size. In addition, PD-L1 status was not
available for many patients, so we could not evaluate
whether there was a correlation between PD-L1 expression
and response to PD-1 inhibitors. However, data focusing
on the synergistic effect of PD-1 inhibitors and brain
radiotherapy for BMs in lung cancer is still scarce. This
study indicates PD-1 inhibitors combined with concurrent
brain radiotherapy can improve iPFS. A trend toward a PFS
and OS benefit was also observed in the concurrent group.
These findings should be further investigated in prospective
analyses.
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Supplementary

Table S1 Multivariate analysis of prognostic factors for 60 patients

iPFS PFS (O]
Factors
HR P HR P HR P
Sex (female vs. male) - - 1.582 0.336 - -
Never smoker (vs. ever smoker) 1.968 0.043 1.875 0.157 2.293 0.038
ECOG score >2 (vs. 0-1) 2.650 0.039 2.437 0.033 2.378 0.051
Concurrent brain radiotherapy 1 (ref) 0.035 - - - -
Vs. non-concurrent brain RT 2.609 - - - - -
Vs. PD-1 inhibitors alone 1.013 - - - - -

ECOG, Eastern Cooperative Oncology Group; iPFS, intracranial progression-free survival; OS, overall survival; PFS, progression-free
survival; PD-1, programmed cell death 1; RT, radiotherapy.

© Annals of Palliative Medicine. All rights reserved. https://dx.doi.org/10.21037/apm-21-2334



