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Introduction

Brain metastases remain the main cause of poor quality 
of life (QoL) and survival in non-small cell lung cancer 
(NSCLC) patients (1). Thirty to sixty percent of patients 
will be diagnosed with brain metastases during their disease  
(2-4). Treatment of these metastases is crucial for better 
symptom control and to improve survival. Therefore, 
strategies to improve outcomes in this patient population 

are needed. Immune checkpoint inhibitors (ICI), mainly 
anti programmed cell death 1 (anti-PD-1) and programmed 
cell death ligand-1 (anti-PD-L1), have become standard 
of care in the upfront therapeutic strategy of wild-type 
advanced NSCLC either as monotherapy or in combination 
with chemotherapy. This ICI strategy has changed the 
prognosis of advanced NSCLC: 5-year overall survival 
(OS) is now ranging from 15% to 23% according to the 
treatment line (5). Nonetheless, due to concerns regarding 
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the risk-benefit ratio, poor outcome and the risk of 
brain pseudoprogression, the majority of phase III trials 
excluded patients with asymptomatic and/or untreated 
brain metastases and the percentage of patients with brain 
metastases included in these trials was below 20% (6-8). Of 
note, in daily practice, almost one quart of NSCLC patients 
with brain metastases derive benefit from monotherapy ICI 
treatment (9). In general, monotherapy with ICI achieves an 
intracranial objective response rate (ic-ORR) that mirrors 
extracranial ORR (9,10). This was demonstrated in a phase 
II study enrolling 37 PD-L1 positive NSCLC patients 
with untreated brain metastases with a maximum diameter 
of 20 mm: icORR was 29.7% for pembrolizumab (10,11). 
Similarly, in a retrospective series including 73 NSCLC 
patients with active brain metastases, treated with anti-PD-
(L)1, the icORR was 27% (9). Importantly, responses can 
be durable, as 34% of patients in the phase II study were 
alive for more than two years (10). 

Since both growth of brain metastases and inflammation 
caused by ICI can cause neurological complaints, it remains 
a challenge to define the optimal ICI treatment strategy 
along with the optimal place of local treatment in NSCLC 
patients with brain metastases. In this review, we summarize 
the current evidence, including future directions for 
research.

Brain metastases immune environment 

Generally, in NSCLC patients, benefit with monotherapy 
ICI increases with higher PD-L1 expression. Therefore, 
PD-L1 expression level is the standard predictive biomarker 
for making treatment decisions in first line treatment (12). In 
a cohort of 146 paired lesions (brain metastasis and primary 
tumor) from 73 NSCLC patients, PD-L1 expression (clone 
E1L3N) was reported in only one-third of brain metastases 
samples (N=24) and this percentage was numerically lower 
than that reported for the primary tumour (N=32, 44% PD-
L1 positive). Of note, PD-L1 discordance between brain 
metastases and primary was higher if time elapsed between 
both samples is ≥6 months (11% discordance versus 3% 
discordance if obtained <6 months apart, but the difference 
was not statistically significant) (13). T-cells can cross the 
blood-brain and blood tumor barrier, and can interact with 
brain metastases (14-16). It has been shown that the extent of 
T-cell infiltration correlates with survival in brain metastases 
patients, independently from other prognostic factors (16).  
Importantly, T-cell infiltration was not associated with PD-
L1 expression (16). Tumour mutational burden (TMB) 

has been suggested as another predictive marker for ICI 
benefit in NSCLC (17). The TMB is higher in brain 
metastases than in extracranial lesions. In a study with 13 
paired samples, median TMB (calculated as the number of 
mutations (Mut) per megabase (Mb) of sequenced region 
after filtering, determined with whole exosome sequencing) 
was 24.9 Mut/Mb in brain metastases versus 12.5 Mut/Mb 
in the primary (P<0.0001) (18). In another study, including 
lung adenocarcinomas, median TMB (determined with 
a custom designed 592-gene next generation sequencing 
panel) was 13 Mut/Mb in brain metastases and 6 Mut/
Mb in the primary. Indeed, TMB in this study was a site-
specific biomarker with important spatial differences, and 
high TMB (defined as ≥10 Mut/Mb) was more common 
in brain metastases compared with other metastatic sites 
(61% vs. 35% for other metastases; P<0.001) or compared 
with primary adenocarcinoma (61% vs. 25%; P<0.001). 
However, although brain metastases may express PD-L1 
in 30% of cases and have a higher TMB, they also have an 
immune ignorant phenotype (e.g., lower T-cell infiltration, 
elevated tumor-associated macrophage infiltration, genes 
inhibiting dendritic cell maturation, TH-1 and leukocyte 
extravasation pathways, suppression of vascular cell adhesion 
protein 1) and a contraction in the number of T-cell clones 
compared with the extracranial disease sites (64% in brain 
metastases versus the primary tumor) (13,18,19), which 
could potentially limit the intracranial ICI efficacy. This 
immune ignorant environment could in part explain the rate 
of dissociated intracranial and extracranial responses (i.e., 
progression in the brain and response extracranial or vice 
versa) reported in phase II and retrospective series, which 
ranges from 13% to 22% (9,10). For example, in the phase 
II study, six out of the 27 patients that were evaluable for 
both brain and systemic response had a dissociated response. 
Of note, three of these patients had a brain metastases 
response while progressing extracranially, while the other 
three experienced the opposite scenario (10). Percentage 
of dissociated responses in extracranial lesions only (e.g., 
enlargement of adrenal mass while response in pulmonary 
lesion) seems lower, as retrospective series reported 
percentages around 8% (20,21). Because of the retrospective 
nature of these analyses, no firm conclusions can be drawn. 

Monotherapy ICI data

Trial data

First-line treatment with pembrolizumab monotherapy is 
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advised for NSCLC patients with PD-L1 expression ≥50% 
(European Union, EU) or ≥1% (United States, USA), 
without a targetable driver alteration. In a recent pooled 
analysis (N=3,170) based on four KEYNOTE studies (001, 
010, 024 and 42) including a total of 292 PD-L1 ≥1% 
NSCLC patients with brain metastases, the median OS 
with pembrolizumab was also superior to chemotherapy 
in the brain metastases subgroup: 13.4 versus 10.3 months 
[hazard ratio (HR) 0.83; 95% confidence interval (CI), 
0.62–1.10]. In the subgroup of NSCLC patients with 
high PD-L1 expression and brain metastases (N=159) the 
magnitude of benefit with pembrolizumab compared with 
chemotherapy increased, reaching a HR of 0.78 (95% CI, 
0.71–0.85). Importantly, both the magnitude of benefit 
with pembrolizumab and the toxicity profile were similar 
to those in patients without brain metastases (8), however, 
neurological toxicity was not specifically reported. 

Atezolizumab is registered in the EU and US for 
second-line treatment of NSCLC patients based on the 
OAK trial (22,23) as monotherapy and in combination with 
chemotherapy with or without bevacizumab in the first-line 
setting based on the IMPOWER 130 and IMPOWER 150 
trial (24,25). Patients with asymptomatic and treated brain 
metastases were eligible for the phase III OAK trial testing 
atezolizumab versus docetaxel. In an exploratory analysis, 
123 out of the 850 patients (14%) had brain metastases, 
and these patients also seemed to obtain benefit from 
atezolizumab. There was a trend towards longer survival 
compared with docetaxel: 16.0 vs. 11.9 months, HR 0.74; 
95% CI, 0.49–1.13. Likewise, time to development of 
brain metastases was delayed with atezolizumab. In the 
subgroup of patients with a history of asymptomatic treated 
baseline brain metastases, median time to the development 
of brain metastases was not reached in the atezolizumab 
arm, and was 9.3 months in the docetaxel arm (HR 0.38; 
95% CI, 0.16–0.91, P=0.0239) In those without baseline 
brain metastases, time to development of brain metastases 
was similar and not reached in both arms (HR 0.99; 95% 
CI, 0.50–1.97, P=0.9803) (26). Similar results were found 
in the phase II FIR study (atezolizumab for advanced 
NSCLC patients selected based on PD-L1 expression). 
In cohort 3, assessing the role of atezolizumab as second 
line or beyond, patients with treated brain metastases were 
included. Thirteen patients were evaluable for response. 
Investigator-assessed ORR was 23% in this cohort, with 
a median OS of 6.8 months, and 30-month OS rate of 
19%. Safety was similar to those without brain metastases, 
with 15% of grade 3–4 adverse events (AEs) (27). Despite 

the promising activity, these populations do not reflect 
patients managed in daily practice since patients with brain 
metastases were still highly selected. Unstable or untreated 
brain metastases were excluded, and a corticosteroid dose 
of >10 mg prednisolone equivalent/day was not allowed. 
In contrast, approximately 30% of patients with brain 
metastases in daily practice receive steroids (2/3 receiving 
>10 mg prednisolone equivalent/day) (9). Two key points 
arising from this bias in “over-selecting” the eligible 
population for phase III trials evaluating ICIs are firstly, 
that it may explain the outcome discrepancies with the 
real-world population with brain metastases treated with 
ICIs, and secondly, the efficacy of ICIs in this real world 
population is largely unknown.

Retrospective series and expanded access data

Some clinical series reporting ICI efficacy in NSCLC 
patients with brain metastases exist, but most are small 
and retrospective (6). One of the largest retrospective 
series reported to date consisted of 1,025 patients, 
including 255 with brain metastases (39% active, 14% 
symptomatic and 27% treated with corticosteroids). 
Intracranial ORR was 27.3% with ICI and interestingly, 
pseudoprogression occurred in only 1% of patients, while 
a dissociated cranial-extracranial response occurred in 
13%. Patients with active brain metastases had more often 
brain metastases progression on ICI compared with those 
with stable brain metastases (54% vs. 30%, P<0.001). In 
multivariate analysis, the presence of brain metastases was 
not associated with OS (HR 0.99), but corticosteroid use 
was associated with poor OS (HR 2.4). Improved OS was 
correlated with higher disease specific Graded Prognostic 
Assessment (ds-GPA) and stable brain metastases (HR 0.5 
and 0.6, respectively) (9). 

Several nivolumab expanded access programs (EAPs) 
have reported outcomes for (selected) brain metastases 
patients. The largest series are reported here. In an Italian 
EAP cohort, 37 out of 371 squamous lung cancer patients 
(10%) and 409 out of 1,588 non-squamous lung cancer 
patients (26%) had brain metastases. For the squamous 
histological subgroup, the 1-year OS rates were 39% for 
the overall population and 35% for the brain metastases 
subgroup (28). For non-squamous, the 1-year OS rates 
were 48% and 43%, respectively (29). Data for the French 
EAP (N=902, 35% squamous, 65% non-squamous) have 
also been reported. One hundred ninety-seven patients 
had baseline brain metastases (22%), and brain metastases 
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were associated with worse OS in multivariate analysis (HR 
1.37, P=0.0007), but correction for use of corticosteroids 
was not performed (30). In contrast, in the Dutch EAP 
series [N=2,302 patients with follow-up data, of which 389 
(16.9%) with brain metastases], the presence of baseline 
brain metastases was not associated with worse OS (HR 1.17, 
P=0.07) (31).

ICI-chemotherapy data

Similarly, in the first-line setting the combination of 
ICI plus chemotherapy has become the standard of care 
regardless of PD-L1 expression and histology subtype 
(24,25,32,33). These combinations improve the OS 
compared with chemotherapy in the whole population and 
in patients with brain metastases, as was shown in a pooled 
analysis of three KEYNOTE trials (021, 189 and 407). 
Out of 1,298 included patients, 171 (13%) had baseline 
brain metastases. In contrast to other studies, patients with 
stable untreated brain metastases and a maximum diameter 
of 15 mm were also allowed in the KEYNOTE 189 and 
407, but the exact proportion of patients with stable 
untreated brain metastases enrolled into these trials was 
not reported. With a median follow-up of approximately 
11 months, pembrolizumab-chemotherapy for patients 
with brain metastases achieved a longer median OS 
compared to chemotherapy (18.8 vs. 7.6 months, HR 0.48; 
95% CI, 0.32–0.70). Of note, treatment related adverse 
events (TRAEs) of grade 3-5 were slightly higher in the 
pembrolizumab-chemotherapy brain metastases subgroup 
versus the group without brain metastases (59.8% vs. 
50.5%), although neurological TRAEs were similar for both 
groups (32.4% vs. 36.4%) (7). 

Future directions

ICI monotherapy has some efficacy in selected NSCLC 
patients with brain metastases. It is possible that ICI-
chemotherapy regimens are more effective in the treatment 
of patients with brain metastases from NSCLC. However, 
the pooled KEYNOTE analysis for the ICI-chemotherapy 
combination did not provide outcomes according to PD-
L1 strata; furthermore it remains unknown whether the 
pembrolizumab-chemotherapy combination is superior 
to pembrolizumab monotherapy in patients with brain 
metastases and PD-L1 expression ≥50%, since the 
combination could minimize the risk of symptomatic brain 
metastases progression. Moreover, comparisons between 

ICI-chemotherapy combinations and ICI monotherapy 
are hampered, as different brain metastases groups were 
included. The phase II ATEZO-brain study (NCT03526900) 
is prospectively assessing the role of atezolizumab and 
carboplatin plus pemetrexed in chemotherapy-naïve patients 
with asymptomatic brain metastases. 

Finally, data of these trials do not elucidate the role of 
PD-L1 as predictive marker for intracranial ICI efficacy. 
So, future challenges are relevant about how to improve 
outcomes for NSCLC patients with brain metastases.

Bevacizumab combined with chemotherapy resulted in 
an icORR of 61% in 67 advanced NSCLC patients with 
asymptomatic brain metastases (34). Indeed, bevacizumab 
prevents brain metastases development in preclinical studies 
and retrospective series (35), and acts synergistically with 
ICI (25). Furthermore, bevacizumab is effective in the 
treatment of radiation necrosis and can reduce the need 
for corticosteroids in this setting (36). This makes the 
combination of bevacizumab plus chemotherapy-ICI in 
brain metastases patients attractive. Unfortunately, brain 
metastases subgroup results have not been reported for the 
IMPOWER150 trial that assessed the quadruplet regimen 
carboplatin-paclitaxel-bevacizumab-atezolizumab (25). A 
trial evaluating pembrolizumab-bevacizumab is ongoing 
(NCT02681549). Another option is a combination of 
anti-PD(L)1 and anti-cytotoxic T-lymphocyte-associated 
protein4 (CTLA4) therapy, to hopefully increase T-cell 
infiltration and reduce regulatory T-cells (37). Evidence 
from this combination comes from melanoma patients with 
brain metastases: icORR was more than doubled in the 
nivolumab-ipilimumab treated patients compared with the 
nivolumab monotherapy treated patients (intracranial ORR 
46% vs. 20%) (38). For NSCLC, the only data available 
come from the CheckMate 817 trial. One arm included 
NSCLC special populations patients (N=198), including 
asymptomatic untreated brain metastases patients with 
a good performance status (N=50, 25%). For the special 
populations arm, median progression free survival (PFS) 
was 3.9 months (95% CI, 2.8–5.4), median duration of 
response (DoR) was 13.8 months (9.6–not reached), and 
one-year DoR was 57% (39). In the final OS analysis, 
median OS was 9.9 months (95% CI, 7.0–13.7) (40). Brain 
metastases specific outcomes have not been reported yet. 
In the CheckMate 227 trial (nivolumab-ipilimumab vs. 
chemotherapy), patients with treated brain metastases were 
eligible but outcomes for this subgroup have not been 
reported (41). Nivolumab-ipilimumab combined with SRT 
is currently under investigation (NCT 02696993). 
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As radiotherapy can cause an abscopal effect in ICI 
treated patients, acts synergistically with ICI (42) and 
controls brain metastases, the added value of cranial 
radiotherapy to ICI is still under evaluation. Retrospective 
series suggest that stereotactic radiotherapy concurrent 
with ICI can improve survival, compared with sequential 
ICI-radiotherapy or radiotherapy-ICI (6,43,44). These 
series have been extensively summarized in the review 
of Li et al. (44), and the international meta-analysis of 
individual patient data of Lehrer et al. (43). Of note, 
selection of patients for the sequence of treatments (upfront 
ICI followed by radiotherapy, upfront radiotherapy 
followed by ICI, ICI-radiotherapy concurrently) can 
be biased. For example, a neurologically symptomatic 
patient will start with upfront radiotherapy. Therefore, 
prospective randomized trials are urgently needed. Based 
on these series, it seems that PD-(L)1 inhibitors can be 
safely combined with cranial irradiation, but detailed 
neurotoxicity assessments were not collected or provided. 
Furthermore, the incidence of radionecrosis does not seem 
to increase with PD-(L)1 inhibitors, whereas it increases 
with anti-CTLA4 therapy (6,43). Several ICI-radiotherapy 
trials are ongoing (e.g., NCT02858869, NCT02696993, 
NCT02978404, NCT02696993, NCT03955198) and 
results are awaited. 

Moreover, the interpretation of brain imaging can 
be challenging in the context of ICI with or without 
cranial radiotherapy, as ICI can cause pseudoprogression 
of the brain metastases (45) and radiotherapy can cause 
both radiation necrosis and pseudoprogression (36). 
The immunotherapy Response Assessment for Neuro-
Oncology (iRANO) advises to discontinue ICI in patients 
with progressing brain metastases that also clinically 
deteriorate regardless of timing, or in case of progression 
on imaging when a patient has been treated for more than 
6 months with ICI. Continuation of ICI is advised in those 
progressing on imaging, but who are clinically stable and 
are treated for 6 months or less with ICI, with a repeat 
imaging 3 months after initial imaging. If this imaging 
confirms the progression, the patient should discontinue 
the ICI (46). However, applicability of iRANO outside 
of clinical trials remains a challenge and the best method 
for response assessment still needs to be defined. Positron 
emission tomography with radiolabelled amino acids 
such as 18F-fluoroethyl-L-tyrosine, 18F-fluorothymidine 
and 11C-methyl-L-methionine could be useful in the 
differentiation of radiation necrosis, pseudoprogression 

and real brain metastases progression. Furthermore, 
advanced magnetic resonance imaging (MRI) techniques 
such as perfusion-weighted imaging and diffusion-weighted 
imaging are under evaluation in brain metastases patients 
treated with ICI (47). Feroxymustil as a contrast agent 
is also under investigation in a phase II trial, to evaluate 
whether this contrast agent can differentiate between 
progression and pseudoprogression in NSCLC patients 
treated with pembrolizumab and stereotactic radiosurgery 
for the brain metastases (NCT03325166). The optimal 
tool for assessing the response as well as the applicability of 
dynamic radiological assessments for defining progression 
and toxicity are relevant challenges as number of patients 
with brain metastases who potentially may receive ICI in 
daily clinical practice is increasing as chemotherapy-ICI 
also has become an option.

Last, trials including patients with untreated brain 
metastases should foresee brain metastases related secondary 
or exploratory endpoints and bicompartmental response 
assessments (separate cranial and extracranial endpoints) 
as recommended by the Response Assessment in Neuro-
Oncology Brain Metastases working group (48). They also 
advise to specify actions that are allowed if progression 
occurs in one compartment (e.g., stereotactic radiotherapy 
for a growing brain metastasis while continuing the ICI 
because of extracranial disease control).

Conclusions

In conclusion, selected NSCLC patients with brain 
metastases (asymptomatic and treated patients, or 
asymptomatic and small lesions) also benefit from ICI with 
or without chemotherapy. However, the best treatment 
strategy (ICI monotherapy vs. ICI-chemotherapy, or 
even ICI-ICI combinations, the addition of angiogenesis 
inhibition, ICI concurrent with cranial radiotherapy) still 
needs to be defined. Furthermore, the use of prognostic 
scores for brain metastases patients such as the disease 
specific Graded Prognostic Assessment needs to be 
validated in the immune-oncology era. Finally, based on 
the potential prolonged OS with ICI treatment, other 
factors become important. These are for example the risk 
of delayed neurotoxicity, incidence of radionecrosis and 
differentiation with brain metastases progression. These 
additional challenges urgently need to be addressed in daily 
clinical practice with detailed neurotoxicity assessments and 
new imaging techniques.
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