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Background: The impact of cranial radiotherapy (RT) on overall survival (OS) of patients with brain
metastasis (BM) from non-small cell lung cancer (NSCLC) receiving programmed death 1/programmed
death-ligand 1 (PD-1/PD-L1) inhibitors remains unclear. We aimed to examine the effect of previous cranial
RT on the efficacy and neurological toxicity of PD-1/PD-L1 inhibitors in the treatment of patients with
NSCLC.

Methods: Patient-level data from seven prospective trials involving atezolizumab for the treatment of
NSCLC [BIRCH (NCT02031458), FIR (NCT01846416), IMpower130 (NCT02367781), IMpowerl31
(NCT02367794), IMpower150 (NCT02366143), OAK (NCT02008227), and POPLAR (NCT01903993)]
were pooled. Patients with baseline BM were divided into two subgroups based on previous cranial RT
before initiation of treatment: patients with previously irradiated BM (iBM) and patients with non-irradiated
BMs (niBM).

Results: The per-protocol population consisted of 4,714 patients, including 3,176 in the atezolizumab
group and 1,538 in the comparator chemotherapy group. In the atezolizumab group, OS was better in
patients with BM (n=308) compared to patients without BM (n=2,868) [hazard ratio (HR): 0.83; 95%
confidence interval (CI): 0.70-0.98; P=0.028]. Among patients with BM, patients with iBM (n=280) had a
numerically longer OS (HR: 0.66; 95% CI: 0.41-1.07; P=0.090) than those with niBM (n=28). Intriguingly,
OS was longer in patients with iBM than those without BM before (HR: 0.83; 95% CI: 0.70-0.99; P=0.043)
and after (HR: 0.40; 95% CI: 0.32-0.49; P<0.0001) propensity score matching, while OS was similar between
patients with niBM and those without BM. The survival advantage of patients with iBM over those without

BM was not observed in the chemotherapy group. Atezolizumab-related serious neurological adverse events
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occurred in 16 (0.6%) patients without BM, none in those with niBM, and 2 (0.7%) patients with iBM.
Conclusions: These data suggest potential synergistic effects of cranial RT and anti-PD-(L)1 therapy in

NSCLC patients, which warrants further validation.
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Introduction

Brain metastasis (BM) is a frequent consequence of non-
small cell lung cancer (NSCLC) (1), and traditional
systemic treatments have limited efficacy against BM due to
the blood-brain barrier, leading to generally unsatisfactory
prognosis (2,3).

Programmed death 1/programmed death-ligand 1
(PD-1/PD-L1) inhibitors have improved treatment for

Highlight box

Key findings

® Overall survival (OS) in patients with metastatic non-small-cell
lung cancer treated with atezolizumab was significantly better in
patients with previously irradiated brain metastasis (BM) than that
in those without BM.

What is known and what is new?

® Previous studies have mainly focused on investigating the
therapeutic interaction between extracranial radiotherapy (RT) and
programmed death 1/programmed death-ligand 1 (PD-1/PD-L1)
inhibitors. These studies have suggested a potential synergy
between these two treatments.

* This study represents, to the best of our knowledge, a pilot
investigation examining the effect of previous cranial RT on
the efficacy of anti-PD-1/PD-L1 therapy based on the most
compelling and largest body of clinical data available. The presence
of baseline BM was not associated with poorer survival in patients
on atezolizumab therapy. Intriguingly, in the atezolizamab group,
OS was better among patients with previously irradiated BM than
among those without BM. However, this survival advantage was
not observed in the chemotherapy group.

What is the implication, and what should change now?

® Our findings challenge the classic view of immune privilege in
the central nervous system and suggest a potential synergetic
effect of cranial RT with PD-1/PD-L1 inhibitors. Cranial RT
has the potential to help prime a more effective immune response
to anti-PD-(L)1 therapy. Further clinical trials investigating this
combination strategy for patients with BM are highly warranted.
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metastatic NSCLC. Studies have shown better overall
survival (OS) with PD-1/PD-L1 inhibitors than with
chemotherapy for patients with NSCLC BM (4,5). However,
the impact of BM on OS and progression-free survival (PES)
for patients with NSCLC treated with anti-PD-1/PD-L1
therapy is still unclear. Some studies showed that BM did
not impact OS or PFS (6-8), whereas others identify BM as a
negative factor (9-11). Nevertheless, all of these studies are
limited by small sample size and potential bias due to the
nature of retrospective design.

The promising intracranial activity of PD-1/PD-L1
inhibitors also raises key questions about the clinical value
of cranial radiotherapy (RT) in the era of immunotherapy.
An increasing body of preclinical and clinical research has
demonstrated the potential synergy of immunotherapy in
combination with RT (12-14). However, much of the focus
of previous clinical research has been on the therapeutic
interaction between extracranial RT and PD-1/PD-L1
inhibitors, and there remains limited data regarding the
clinical impact of previous cranial RT in patients treated
with PD-1/PD-L1 inhibitors. A previous retrospective
multi-institutional study showed that anti-PD-(L)1 therapy
combined with upfront cranial RT prolonged OS for
patients with brain-metastatic NSCLC than anti-PD-(L)1
therapy alone (15). Several case reports have demonstrated
the extracranial abscopal effect induced by the combination
of cranial RT and immune checkpoint inhibitors (ICls) in
melanoma (16) and NSCLC (17).

To fulfill this unmet need, we used Vivli, a global, neutral
data-sharing platform that enables access to anonymized
individual patient data from trials (18), to investigate
the effect of previous cranial RT on treatment outcomes
using individual patient data from seven prospective trials
involving atezolizumab for the treatment of advanced
NSCLC. We present this article in accordance with the
STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-792/rc).
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Methods
Study design and definitions

We searched the Vivli platform (https://vivli.org/; last
accessed 7/30/2023) for prospective trials involving
atezolizumab for the treatment of NSCLC. Seven clinical
trials including BIRCH (NCT02031458) (19), FIR
(NCT01846416) (20), IMpower130 (NCT02367781) (21),
IMpower131 (NCT02367794) (22), IMpower150
(NCT02366143) (23), OAK (NCT02008227) (4), and
POPLAR (NCT01903993) (24) were identified. All of the
included trials obtained informed consent from participants
and were done in full accordance with the guidelines for
Good Clinical Practice and the Declaration of Helsinki
(as revised in 2013). This study was deemed negligible
risk research and exempt from review by the Institutional
Review Board of Fudan University Shanghai Cancer
Center.

Details of the therapeutic regimens and eligibility of the
seven clinical trials have been published previously (4,19-24).
Briefly, there were two phase II single-arm trials evaluating
atezolizumab (1,200 mg intravenous administration every
three weeks) as first-line or subsequent therapy in locally
advanced or metastatic NSCLC patients with PD-L1
expressing tumors (BIRCH and FIR) (19,20); one phase II
and one phase III randomized controlled trial (RCT)
evaluating atezolizumab versus docetaxel as second-line or
third-line therapy in patients with advanced or metastatic
NSCLC (POPLAR and OAK) (4,24); two phase III RCTs
evaluating atezolizumab combined with chemotherapy
versus chemotherapy alone as first-line therapy in patients
with stage IV non-squamous NSCLC (IMpower130) (21)
or squamous NSCLC (IMpower131) (22); one three-arm
phase III RCT evaluating atezolizumab combined with
chemotherapy versus bevacizumab plus chemotherapy
versus atezolizumab combined with bevacizumab plus
chemotherapy as first-line therapy in patients with stage IV
non-squamous NSCLC (IMpower150) (23). In these trials,
patients with BM were eligible provided that the BM is
asymptomatic or treated, and non-progressive with no
ongoing requirement for corticosteroids. Brain monitoring
(computed-tomography or magnetic resonance imaging)
was mandatory before inclusion in the trials.

All patients who received at least one cycle of per-
protocol treatment were included in the analysis. The
patients were divided into two groups: those who
received atezolizumab monotherapy or atezolizumab-
chemoimmunotherapy combinations (atezolizumab group)
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and those who received comparator chemotherapies
(chemotherapy group). For this study, we used an expanded
definition of “baseline BM” that included patients who
presented with metastatic brain lesions at baseline, as well as
those with a history of BM (25). Patients with baseline BM
were further divided into two subgroups based on whether
they received cranial RT before starting per-protocol
treatment: patients with previously irradiated BM (iBM)
and patients with non-irradiated BM (niBM).

Adverse events (AEs) were assessed per the National
Cancer Institute Common Terminology Criteria for AEs
version 4.0. Serious AE was defined according to the
International Conference on Harmonisation guideline for
Good Clinical Practice, as any event that causes death, is
life - threatening, requires or prolongs hospitalization,
results in persistent or significant disability, or leads to
congenital anomaly/birth defect.

Statistical analysis

The primary aim of this study was the comparison of
prognosis, in terms of OS and PFS, between patients with
iBM, niBM and without BM in the two treatment groups
(atezolizumab-containing group and chemotherapy group).
OS was defined as the time from the date of initiation of
per-protocol treatment to the date of death from any cause.
PFS was defined as the time from the date of initiation of
per-protocol treatment to the first occurrence of disease
progression or death. An additional analysis was conducted
to assess the neurological safety profiles of atezolizumab
in patients with iBM, niBM, and without BM in the two
treatment groups.

Pearson’s %’ test or Fisher’s exact test was used to
assess the differences in baseline characteristics between
subgroups. OS and PFS were estimated using the Kaplan-
Meier method and compared with the log-rank test.
Univariable and multivariable Cox proportional hazards
models with adjustment for key clinical-pathological factors
[age, sex, race, history of tobacco use, tumor histology,
Eastern Cooperative Oncology Group performance status
(ECOG PS), treatment regimen, and PD-L1 expression]
were used to report hazard ratios (HRs) and 95%
confidence intervals (Cls). Interactions between BM status
and treatment assignment (atezolizumab vs. chemotherapy)
were tested with the Cox model to assess differences in
the impact of BM status on survival outcomes, including
PFS and OS, between the atezolizumab group and the
chemotherapy group.
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5,263 included in the intention-to-treat population

!

1,735 in the chemotherapy group

!

3,528 in the atezolizumab group

® 62 did not receive any treatment
> 135 did not complete the first
cycle of per-protocol treatment

* 49 did not receive any treatment
* 303 did not complete the first
cycle of per-protocol treatment

Y

Y

1,538 received at least one cycle of
per-protocol comparator treatment

v

182 with baseline BMs

|
i i Y
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3,176 received at least one cycle of
per-protocol atezolizumab treatment

!

308 with baseline BMs

|
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radiotherapy radiotherapy radiotherapy radiotherapy

Figure 1 Flow diagram of patients in clinical trials included in this study. BMs, brain metastases.

"To adjust for the possible bias induced by the retrospective
design of this study, 1:2 nearest-neighbor propensity score
matching (PSM) with a caliper of 0.2 was used, accounting
for age, sex, race, ECOG PS, tumor histology, tobacco
use history, treatment regimen, previous extracranial
RT, and PD-L1 expression. We evaluated the balance of
covariates between arms using standardized mean difference
(SMD); an SMD of 0.1 or less was deemed to be minimally
different.

All statistical analyses were performed with R software,
version 4.0. A two-sided P values less than 0.05 was
considered statistically significant. Due to the exploratory
nature of this study, no adjustment for multiple comparisons
was applied.

Results
Patient characteristics

Table S1 provides an overview of the included seven clinical
trials. Figure 1 shows the patient disposition for the per-
protocol population.

The per-protocol population consisted of 4,714 patients,

including 3,176 in the atezolizumab group and 1,538 in the
chemotherapy group. Of the patients in the atezolizumab
group and the chemotherapy group, 308 (9.7%) and 182
(11.8%) presented with baseline BM, respectively. Baseline
demographics and clinical characteristics for patients with
and without BM are shown in Tzble 1. In patients with
baseline BM, 280 (90.9%) in the atezolizumab group and
165 (90.7%) in the chemotherapy group had previously
received cranial RT before initiation of per-protocol
treatment. The median interval between previous cranial
RT and the initiation of per-protocol treatment was
1.4 months [interquartile range (IQR), 0.9-3.0 months] in the
atezolizumab group and 1.8 months (IQR, 1.0-9.1 months) in
the chemotherapy group.

Among patients with BM, OS and PFS were significantly
better in the atezolizumab group compared to the
chemotherapy group (median OS 18.7 vs. 12.8 months, HR:
0.62; 95% CI: 0.49-0.80; P=0.00012; Figure SI; median
PFS 6.8 vs. 4.1 months, HR: 0.57; 95% CI: 0.47-0.70;
P<0.0001; Figure S2), which is consistent with previous
reports of anti-PD-1/PD-L1 treatment in patients with
baseline BM (4,22).
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Table 1 The baseline characteristics of patients with or without baseline brain metastasis

Chemotherapy Atezolizumab
Baseline
characteristics Patients without ~ Patients with baseline P value' Patients without ~ Patients with baseline P value'
baseline BM (n=1,356) BM (n=182) baseline BM (n=2,868) BM (n=308)

Age (years) 0.036 0.003
>65 641 (47%) 71 (39%) 1,388 (48%) 122 (40%)
<65 715 (53%) 111 (61%) 1,480 (52%) 186 (60%)

Sex <0.001 0.004
Male 898 (66%) 95 (52%) 1,857 (65%) 174 (56%)
Female 458 (34%) 87 (48%) 1,011 (35%) 134 (44%)

Race 0.464 0.268
White 1,100 (81%) 139 (76%) 2,358 (82%) 263 (85%)
Asian 164 (12%) 28 (15%) 330 (12%) 35 (11%)
Black 39 (3%) 6 (3%) 60 (2%) 2 (1%)
Other 17 (1%) 4 (2%) 45 (2%) 4 (1%)
Missing 36 (3%) 5 (83%) 75 (3%) 4 (1%)

ECOG PS 0.650 0.895
0 544 (40%) 67 (37%) 1,121 (39%) 118 (38%)
>1 808 (60%) 115 (63%) 1,741 (61%) 190 (62%)
Missing 4 (0.3%) 0 6 (0.2%) 0

Histology <0.001 <0.001
Squamous 459 (34%) 28 (15%) 950 (33%) 44 (14%)
Non-squamous 891 (66%) 154 (85%) 1,912 (67 %) 264 (86%)
Missing 6 (0.4%) 0 6 (0.2%) 0

History of tobacco use 0.707 0.711
Never 180 (13%) 26 (14%) 461 (16%) 47 (15%)
Current or 1,176 (87%) 156 (86%) 2,407 (84%) 261 (85%)
previous

Number of prior lines of systemic therapies 0.136 <0.001
0 816 (60%) 99 (54%) 1,724 (60%) 217 (70%)
>1 540 (40%) 83 (46%) 1,144 (40%) 91 (30%)

PD-L1 expression 0.201 0.001
TC2/3 or IC2/3 427 (31%) 69 (38%) 1,344 (47%) 111 (36%)
TCO/1 or IC0/1 927 (68%) 113 (62%) 1,517 (63%) 197 (64%)
Missing 2 (0.1%) 0 7 (0.2%) 0

T, patients with and without brain metastases are compared. BM, brain metastasis; ECOG PS, Eastern Cooperative Oncology Group
performance status; PD-L1, programmed death ligand-1; TC, tumor cell (TC2/3: =5% and <50%/=50% PD-L1 staining; TC0/1: <1%/=1%
and <5% PD-L1 staining); IC, tumor-infiltrating immune cell (IC2/3: >5% and <10%/>10% PD-L1 staining; 1C0/1: <1%/>1% and <5%

PD-L1 staining).
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We compared the OS of patients with and without BM in
the atezolizumab group and the chemotherapy group. As
shown in Figure 24, in the atezolizumab group, OS was
better in patients with baseline BM compared to those
without BM (median OS 18.7 vs. 15.8 months; HR: 0.83;
95% CI: 0.70-0.98; P=0.028), while in the chemotherapy
group, OS was similar between patients with BM and those
without BM (median OS 12.8 vs. 13.5 months; HR: 1.11;
95% CI: 0.92-1.35; P=0.273; Figure 2B). Interaction tests
suggested a statistically significant difference in the impact
of BM on OS between the atezolizumab group and the
chemotherapy group (P eracion=0-024).

Patients with BM were divided into two subgroups
according to their history of cranial RT, namely, patients
with previously iBM and patients with niBM (Table S2).
Figure 2C,2D shows the Kaplan-Meier survival curves for
patients with iBM, patients with niBM, and patients without
BM. In the atezolizumab group, patients with iBM had a
trend toward improved OS than those with niBM (median
OS 19.2 vs. 10.6 months; adjusted HR: 0.66; 95% CI:
0.41-1.07; P=0.090). Intriguingly, patients with iBM had
longer OS compared to patients without BM (median OS
19.2 vs. 15.8 months; adjusted HR: 0.83; 95% CI: 0.70-0.99;
P=0.043). There was no difference in OS between patients
with niBM and those without BM (median OS 10.6 vs.
15.8 months; adjusted HR: 1.15; 95% CI: 0.73-1.80;
P=0.551). In the chemotherapy group, there was no
significant difference in OS between patients with iBM
and those without BM (median OS 12.8 vs. 13.5 months;
adjusted HR: 1.11; 95% CI: 0.90-1.36; P=0.320) or between
patients with iBM and those with niBM (median OS 12.8 vs.
7.3 months; adjusted HR: 0.91; 95% CI: 0.48-1.76; P=0.788).

We applied PSM to reduce the bias due to confounding
variables (age, sex, race, ECOG PS, tumor histology,
tobacco use history, treatment regimen, previous extracranial
RT, and PD-L1 expression) between patients without BM
and patients with iBM (Tables S3,54). A total of 19 (0.60%)
patients in the atezolizumab group and 12 (0.79%) in the
chemotherapy group were excluded due to missing relevant
baseline characteristic data. In the atezolizumab group, OS
was still significantly better in patients with iBM compared
to patients without BM (unadjusted HR: 0.45, 95% CI:
0.37-0.55, P<0.0001; adjusted HR: 0.40, 95% CI: 0.32-0.49,
P<0.0001; Figure 2E); in the chemotherapy group, patients
with iBM had similar OS compared with those without
BM (unadjusted HR: 1.16, 95% CI: 0.91-1.47, P=0.226;
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adjusted HR: 1.19, 95% CI: 0.94-1.51, P=0.156; Figure 2F).
There was still a significant interaction between treatment
groups and BM status (Pj,eracion<0.001). Patients with niBM
had numerically shorter OS compared with those without
BM in the atezolizumab group (unadjusted HR: 1.05, 95%
CI: 0.60-1.82, P=0.864; adjusted HR: 1.07, 95% CI: 0.61-
1.87, P=0.814) and the chemotherapy group (unadjusted
HR: 1.26, 95% CI: 0.60-2.61, P=0.543; adjusted HR: 0.86,
95% CI: 0.38-1.97, P=0.724) after PSM (Tables S5,S6,
Figure 2G,2H).

PFES

We compared the PES of patients with and without BM in
the atezolizumab group and the chemotherapy group. As
shown in Figure 3A4,3B, in the atezolizumab group, PFS was
numerically longer in patients with baseline BM compared
to those without BM (median PFS 6.8 vs. 5.6 months;
HR: 0.91; 95% CI: 0.80-1.04; P=0.149), while in the
chemotherapy group, PFS was significantly shorter in
patients with BM compared to those without BM (median
PES 4.1 vs. 5.6 months; HR: 1.37; 95% CI: 1.16-1.61;
P<0.001). Interaction tests suggested a statistically
significant difference in the impact of BM on PFS between
the atezolizumab group and the chemotherapy group
(Pinceraction<0-001).

We further compared the PFS of patients with iBM,
patients with niBM, and those without baseline BM in the
two treatment groups (Figure 3C,3D). In the atezolizumab
group, patients with iBM had a trend toward improved
PFS than those with niBM (median PFS 6.9 vs. 3.9 months;
adjusted HR: 0.66; 95% CI: 0.43-1.01; P=0.058). Patients
with iBM had longer PFS compared to patients without BM
(median PFS 6.9 vs. 5.6 months; adjusted HR: 0.86; 95%
CI: 0.75-0.99; P=0.030). There was no difference in PFS
between patients with niBM and those without BM (median
PFES 3.9 vs. 5.6 months; adjusted HR: 1.29; 95% CI: 0.86-
1.93; P=0.212). In the chemotherapy group, patients with
iBM had shorter PFS compared with those without BM
(median PFS 4.2 vs. 5.6 months; adjusted HR: 1.39; 95%
CI: 1.16-1.64; P<0.001). There was no difference in PFS
between patients with iBM and those with niBM (median
PFS 4.2 vs. 2.7 months; adjusted HR: 0.82; 95% CI: 0.46-
1.46; P=0.498).

PSM was applied to control for the heterogeneity between
patients with iBM and those without BM (Tables S3,54).
In the atezolizumab group, PFS was still significantly
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Table 2 The neurological safety summary

Guo et al. Effects of cranial RT in atezolizumab-treated NSCLC

Safety characteristic

Patients without baseline Patients with non-irradiated  Patients with previously

BMs (n=2,868) BMs (n=28) irradiated BMs (n=280)
Any neurological AE 1,426 (50%) 12 (43%) 181 (65%)
Any serious neurological AE 89 (3%) 1(4%) 21 (8%)
Any atezolizumab-related neurological AE 352 (12%) 5 (18%) 44 (16%)
Grade 3/4 24 (1%) 0 7 (3%)
Grade 5 0 0 0
Any atezolizumab-related serious neurological AE 16 (0.6%) 0 2 (0.7%)

AE, adverse event; BMs, brain metastases.

better in patients with iBM compared to patients without
BM (unadjusted HR: 0.64, 95% CI: 0.55-0.75, P<0.0001;
adjusted HR: 0.60, 95% CI: 0.51-0.70, P<0.0001; Figure 3E)
in the propensity-score matched cohort; in the chemotherapy
group, patients with iBM had shorter PFS compared
with those without BM (unadjusted HR: 1.45, 95% CI:
1.19-1.77, P<0.001; adjusted HR: 1.50, 95% CI: 1.23-1.83,
P<0.001; Figure 3F). There was still a significant interaction
between treatment groups and BM status (P eraciion<0.001).
Patients with niBM still had similar PFS compared with
those without BM in the atezolizumab group (unadjusted
HR: 1.27, 95% CI: 0.77-2.08, P=0.348; adjusted HR:
1.24, 95% CI: 0.74-2.07, P=0.409; Figure 3G) and the
chemotherapy group (unadjusted HR: 1.48, 95% CI:
0.78-2.79, P=0.232; adjusted HR: 1.51, 95% CI: 0.73-3.13,
P=0.269; Figure 3H) after PSM.

Neurological AEs

Atezolizumab-related neurological AEs of any grade were
reported in 352 patients (12%) without baseline BMs,
5 patients (18%) with niBMs, and 44 patients (16%) with
previously iBMs (Table 2). Atezolizumab-related grade 3/4
neurological AEs occurred in 24 patients (1%) without
BMs, no patient with niBMs, and 7 patients (3%) with
previously iBMs. The incidence of atezolizumab-related
serious neurological AEs was similar between patients
without BMs and patients with previously irradiated BMs
(0.6% vs. 0.7%). The most common atezolizumab-related
neurological AE was headaches (Table S7).

Discussion

In this pooled analysis of individual patient data from seven

© Translational Lung Cancer Research. All rights reserved.

prospective trials involving atezolizumab for the treatment
of NSCLC, we observed superior OS with atezolizumab in
patients with BM versus those without BM. Furthermore,
patients with iBM had better OS than those without BM,
while patients with niBM had numerically shorter OS
compared with those without BM. This survival advantage
of patients with iBM over those without BM was not
observed in the chemotherapy group. These results suggest
that the superior survival outcomes observed in patients
with BM, as compared to those without, in the present
study may be due to the effect of previous cranial RT. This
finding points to a potential synergy between cranial RT
and atezolizumab. Additionally, this study represents, to the
best of our knowledge, the first effort to report the effects
of previous cranial RT on the neurological toxicity of anti-
PD-(L)1 therapy using prospectively collected data. The
neurological safety profile of atezolizumab in patients who
previously received cranial RT for NSCLC was generally
acceptable.

Up till now, there are several studies on the prognostic
significance of BM in patients with metastatic NSCLC
treated with anti-PD-(L)1 therapy (6,26,27). In a
retrospective, multicenter analysis comparing the outcome
of patients with NSCLC BM receiving ICIs (n=255) with
the outcome of those without BM (n=770), the median PFS
and OS were shorter for patients with BM than for those
without BM (6). In multivariate analysis, presence of BM
did not significantly impact PFS or OS (6). Notably, 39.2%
of patients with BM had nonirradiated and/or progressive
BM in this study (6). A pooled analysis of KEYNOTE-001,
010, 024, and 042 showed that the median PFS with
pembrolizumab monotherapy was shorter for patients with
stable BM than for those without BM (26). Consistently,
another pooled analysis of KEYNOTE-021, -189, and -407
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showed that the median PFS and OS with pembrolizamab
plus platinum-based chemotherapy was shorter for patients
with stable BM than for those without BM (27). Notably,
only 10.5% of patients with BM had previously received
cranial RT in this study. A unique feature of the present
study, compared to previous investigations, is that the
majority (90.9%) of the included patients with BM had
previously irradiated stable BM. Therefore, we speculate
that the superior survival outcomes of patients with BM,
versus those without, in the present study may be attributed
to the effect of previous cranial RT.

Although the immune environment of BMs from
NSCLC has been demonstrated to be immunosuppressed
with lower densities of T cells and lower adaptive immune
responses compared with primary tumors (28), several trials
have shown promising activity of PD-1/PD-L1 inhibitors
in patients with BMs from NSCLC (4,5). Given the
promising intracranial activity of PD-1/PD-L1 inhibitors,
we speculate that the combination of anti-PD-(L)1 therapy
and cranial RT might provide synergistic antitumor effects.
Upregulated PD-L1 expression (29) and higher densities of
tumor-infiltrating lymphocytes (30) in surgically resected
specimens of BMs after cranial RT also suggest a potential
synergy of PD-1/PD-L1 inhibitors and RT in the central
nervous system, and intriguingly, several case reports have
detailed the extracranial abscopal effect induced by the
combination of cranial RT and ICIs in melanoma (16) and
NSCLC (17). A recent study also suggested that cranial RT
may prime a more effective systemic immune response to
immunotherapy compared with RT to other organs (31).

One possible mechanism for the synergism between
atezolizumab treatment and cranial RT is their combined
effect on the immune system and tumor microenvironment.
Cranial RT can enhance the release of tumor antigens,
making them more accessible to the immune system.
Atezolizumab, by blocking the PD-L1 pathway, can further
enhance the immune response, preventing cancer cells
from evading immune detection and destruction. This
combined approach has the potential to increase tumor
cell killing and promote a stronger anti-tumor immune
response, potentially improving treatment outcomes for
patients. It is important to note that further research is still
needed to fully understand the mechanism and optimize the
combination of atezolizumab treatment and cranial RT for
maximum efficacy and safety.

To date, PD-1/PD-L1 inhibitor-related neurological
disorders remain largely unexplored. To our knowledge,
this pooled analysis represents the first effort to investigate
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the neurological safety profile of PD-1/PD-L1 inhibitors
in a large patient population. Atezolizumab-related
neurological AEs of any grade occurred in 12% of patients
without baseline BMs in the atezolizumab group, which
is consistent with the previously reported incidence of
neurological immune-related AEs (0.3-14.0%) (32).
The neurologic safety profile of atezolizumab in patients
who had previously received cranial RT for NSCLC was
generally acceptable. Due to the small sample size of
patients with niBM, we did not compare the neurological
safety profile between patients with iBM and those with
niBM. There were more cases of atezolizumab-related
grade 3/4 neurological AEs reported in patients with iBM
than in patients without BM (3% wvs. 1%). The incidence of
atezolizumab-related serious neurological AEs was similar
between patients without BM and patients with iBM (0.6%
vs. 0.7%). Note that our finding should not be generalized
to concurrent/consolidative cranial RT with anti-PD-(L)1
therapy. Caution is warranted with concurrent PD-1/PD-
L1 inhibitors and stereotactic radiosurgery (SRS), as some
previous reports have suggested that this combination
strategy may increase the risk of radiation necrosis (33,34).
Since information on RT techniques was not available for
many patients, the effect of previous SRS on neurologic
toxicity in patients treated with PD-1/PD-L1 inhibitors was
not investigated.

While this study included a large patient population and
high-quality data, there were some limitations. First, the
small sample size of patients with niBM may have limited
our power to detect significant survival differences between
patients with niBM and those with iBM. However, patients
with smaller BM may have been less likely to receive cranial
RT and thus may have had better prognosis than the
patients with cranial RT. In this regard, the better, albeit not
significantly better, survival of patients with iBM compared
to those with niBM in the atezolizumab group is especially
notable. Secondly, there is a selection bias in the group of
patients who received RT compared to those who did not. It
is important to consider that patients with fewer and smaller
BMs were more likely to receive treatment such as SRS.
On the other hand, patients with more and larger BMs may
opt for immunotherapy instead of whole brain radiation
therapy (WBRT) to minimize potential toxicity. Similarly,
patients with limited extracranial disease may have been
more inclined to choose cranial RT as a more aggressive
treatment approach. Third, most of the included trials did
not provide details on the cranial RT regimen and patient’s
BM status, such as number of baseline BM and the diameter
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of the largest BM. Therefore, the potential impact of these
factors on OS could not be assessed. Fourth, the 7 trials
included in this study did not specify the type of cranial
RT (SRS or WBRT). As a result, we are unable to compare
the survival outcomes between patients who previously
received WBRT or SRS for BM and those without BM.
Fifth, this analysis is based on a selective group of patients
with treated, stable BM, which limits the generalizability
of our findings. Further investigations on the combination
of cranial RT and PD-1/PD-L1 inhibitors for active BM
are warranted. Sixth, the 7 trials included did not provide
specific information about the sites of the progressive
disease (i.e. intracranial vs. extracranial progression).
Therefore, intracranial PFS or extracranial PFS could not
be analyzed.

Conclusions

In conclusion, this study demonstrated that OS in patients
on atezolizumab therapy was significantly better in patients
with previously iBM than that in patients without BM. The
neurological safety profile of atezolizumab in patients who
previously received cranial RT for NSCLC was generally
acceptable. These findings suggest that even though anti-
PD-(L)1 therapy has activity against BMs, patients may
benefit from having cranial RT prior to anti-PD-(L)1
therapy, which merits further investigation.
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