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ARTICLE INFO ABSTRACT
Keywords: Objectives: Pembrolizumab is recommended for patients with previously untreated non-small cell lung cancer
Non-small cell lung cancer (NSCLC) with a programmed death ligand 1 (PD-L1) tumor proportion score (TPS) of >1%. The KEYNOTE-024

Brain metastasis
High tumor PD-L1 expression
Pembrolizumab

study described the efficacy of pembrolizumab in patients with previously untreated NSCLC who had a PD-L1
TPS of at least 50 %. However, patients with untreated brain metastasis (BM) were excluded from many clin-
ical trials. Therefore, we assessed the efficacy of pembrolizumab against BM of NSCLC with high tumor PD-L1
expression.

Materials and Methods: We retrospectively reviewed patients who received pembrolizumab as first-line treatment
against NSCLC with PD-L1 TPS >50 % between March 2017 and September 2019. Treatment efficacy was
compared between patients with (BM group) and without BM (non-BM group). In addition, the BM group was
divided into patients who previously received treatment for BM before pembrolizumab (BM-T group) and those
with no prior treatment for BM (BM-not T group).

Results: Eighty-seven patients (23 BM group and 64 non-BM group) were assessable for efficacy. No significant
differences in patient characteristics were found between the BM and non-BM groups, but proportion of patients
with stage IV at diagnosis was significantly higher in the BM group. Median progression-free survival (PFS) (6.5
months vs. 7.0 months) and overall survival (OS) (21.6 months vs. 24.6 months) did not significantly differ
between the two groups. The response rate of BM was 70 %. The BM group was subdivided into 13 patients in the
BM-T group and 10 patients in the BM-not T group. No significant differences in patient characteristics were
found between the two groups, but maximum diameter of BM and proportion of patients with symptomatic BM
were significantly greater in the BM-T group. PFS and OS did not significantly differ between the two groups. The
median PFS of BM was 13.6 months in the BM-T group and 18.6 months in the BM-not T group.

Conclusion: Pembrolizumab may be effective for BM caused by previously untreated NSCLC with high PD-L1
tumor expression.
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1. Introduction

Lung cancer is the most common cause of cancer-related death [1].
Non-small cell lung cancer (NSCLC) is the most frequent histological
type of lung cancer, accounting for 85 % of all lung cancers [2]. It has
been reported that almost 60 % of patients with lung cancer had
disseminated disease at diagnosis. Chemotherapy is recommended for
patients with metastatic NSCLC. Molecular abnormalities have been
discovered in patients with NSCLC over the last decade. At present,
molecular and biomarker analyses are recommended in many guidelines
when treating patients with metastatic NSCLC [3-5].

It has been reported that brain metastasis (BM) was present in 10 %-—
20 % of patients with NSCLC at diagnosis, and approximately 20 %40
% of patients eventually develop BM [6-8]. Although targeted drugs are
effective for BM in patients with NSCLC harboring driver mutations,
cytotoxic drugs are less likely to penetrate the central nervous system
because of the blood-brain barrier [9]. The standard treatment for BM in
patients with NSCLC that does not harbor driver mutations is radio-
therapy (RT), such as whole-brain RT (WBRT) and stereotactic radio-
surgery (SRS). However, the median survival time (MST) of patients
treated with WBRT was 4-8 months, and the prognosis of these patients
is poor [10-12]. It has also been reported that WBRT increases the risk of
cognitive dysfunction [13]. Thus, the development of more effective
treatments against BM in patients with NSCLC lacking driver mutations
is warranted.

In 2016, the results of the KEYNOTE-024 study comparing pem-
brolizumab with chemotherapy for patients with previously untreated
NSCLC with a programmed death ligand 1 (PD-L1) tumor proportion
score of at least 50 % was reported [14]. The median progression-free
survival (PFS) was 10.3 months for patients receiving pembrolizumab,
versus 6.0 months for those receiving chemotherapy. Pembrolizumab
statistically prolonged PFS compared with chemotherapy, and the drug
became a standard therapy for patients with previously untreated
NSCLC with high tumor PD-L1 expression. However, patients with un-
treated BM were excluded from this study. In addition, patients with
previously treated BM were only included if their metastases were stable
more than 4 weeks after treatment. Recently, a review of the efficacy of
immune checkpoint inhibitors (ICIs) against BM was reported [15]. The
results of retrospective and prospective studies were assessed in this
study, and it was suggested that ICIs had activity in patients with BM
caused by NSCLC. However, this report did not include studies of pa-
tients with BMs of previously untreated NSCLC with high tumor PD-L1
expression. Therefore, the efficacy of pembrolizumab against BM of
NSCLC with high PD-L1 tumor expression is unclear.

2. Materials and methods
2.1. Patients

We retrospectively reviewed the medical record data of patients who
were treated with first-line treatment between March 2017 and
September 2019 at Shizuoka Cancer Center. The recruitment criteria of
this study were follows: (1) histological or cytological confirmation of
NSCLG; (2) PD-L1 tumor proportion score of >50 % using the PD-L1 IHC
22C3 pharmaDx assay; (3) receipt of pembrolizumab as the first-line
treatment; (4) tumor did not harbor driver mutations; (5) completion
of MRI of the head at the time of diagnosis; and (6) no history of
interstitial lung disease, drug-induced interstitial lung disease, and ra-
diation pneumonitis requiring steroid treatment. Patients who did not
have stage IV NSCLC at the time of diagnosis were treated with pem-
brolizumab as a first-line treatment if 6 months had passed since the last
date of adjuvant chemotherapy or chemoradiotherapy.

We divided the patients into two groups according to presence of BM.
The BM group comprised patients with BM before treatment with
pembrolizumab, and patients without BM prior to treatment comprised
the non-BM group. To assess the efficacy of treatment against BM,
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patients who received prior treatment for BM before pembrolizumab
therapy comprised the BM-T group, and the remaining patients with BM
were categorized into the BM-not T group.

2.2. Evaluation and statistical analysis

We evaluated tumor response to pembrolizumab according to the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 by
performing computed tomography of the chest and abdomen, magnetic
resonance imaging (MRI) of the head, and bone scintigraphy or positron
emission tomography-computed tomography [16]. The response rate of
BM (BMRR) was also assessed according to RECIST using MRI. BMs that
were >10 mm in size in the long axis were designated as target lesions
regardless of the prior history of treatment against BM. Although
RECIST does not permit evaluations of previously irradiated lesions as
target lesions, the lesions treated with radiotherapy were evaluated as
target lesions in our study to compare efficacy between radiotherapy
plus pembrolizumab and pembrolizumab monotherapy. Therefore, the
BMRR of the BM-T group was used as a reference value. The clinical
evaluation of progression-free survival (PFS) and overall survival (OS)
after the start of pembrolizumab was conducted using the Kaplan-Meier
method to assess the time to recurrence or death. PFS of BM was defined
as the period from the start of pembrolizumab to the progression of BM
or death. We followed patients until March 2020, and patients who did
not die or exhibit progression were censored. On the basis of the report
by Sperduto et al., we collected the diagnosis-specific Graded Prognostic
Assessment score (ds-GPA) [17]. Toxicities were assessed using the
National Cancer Institute Common Toxicity Criteria version 5.0 [18].
The log-rank test was used to compare cumulative survival between the
groups. All P values were reported as two-sided, and P < 0.05 was
considered statistically significant. All categorical variables were
analyzed using the 2 test or the Fisher exact test, as appropriate. All
statistical analyses were performed using JMP version 9.0 (SAS Institute
Inc., Cary, NC, USA). This study was approved by the Institutional Re-
view Board of Shizuoka Cancer Center.

3. Results
3.1. BM and Non-BM groups

3.1.1. Patient characteristics

Between March 2017 and September 2019, 87 patients with NSCLC
and a PD-L1 tumor proportion score of >50 % were treated with pem-
brolizumab as the first-line treatment. Twenty-three patients comprised
the BM group, and the non-BM group included 64 patients. No signifi-
cant differences in age, sex, ECOG performance status, histological type,
and smoking history were observed between the BM and non-BM
groups, but the former group included a significantly higher propor-
tion of patients with stage IV disease at diagnosis (Table 1). In the BM
group, the median number of BMs was three (range, 1 to >10), and the
median maximum diameter of BMs was 13.6 mm (range, 2.6-60.6 mm).
Thirteen patients were treated for BM. Symptoms of BM were found in
six patients. Four patients exhibited incomplete hemiplegia, one patient
had equilibrium disturbance, and one patient had memory disturbance.
Two of the six patients with symptoms of BM were administered sys-
temic steroids to treat brain edema. However, steroid therapy was dis-
continued at the start of pembrolizumab treatment because their
symptoms improved (Table 2).

3.1.2. Efficacy

There was no significant difference in the overall response rate
(ORR) between the BM and non-BM groups (57 % vs. 42 %, P =0.24).
The BMRR was 70 % in the BM group (Table 3). The median PFS was 6.5
months (95 % confidence interval [CI] = 2.0 months to not reached) in
the BM group, compared with 7.0 months (95 % CI = 2.9-15.0 months)
in the non-BM group (P = 0.73, Fig. 1A). The MST was 21.6 months (95
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Table 1
Patient characteristics in the BM and non-BM groups.
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Table 2
Patient characteristics in the BM-T and BM-not T groups.

BM Group Non-BM Group P BM-T Group BM-not T Group P
(n=23) (n=64) Value (n=13) (n=10) Value

Age (years) Age (years)

Median 70 70.5 Median 69 74.5

Range 56 - 81 45 -87 0.77 Range 56 - 78 56 - 81 0.35

>75 (%) 39 33 0.58 >75 (%) 4 (31) 5 (50) 0.35
Gender, n (%) Gender, n (%)

Male 17 (74) 47 (73) Male 8(62) 9 (90)

Female 6 (26) 17 (27) 0.96 Female 5(38) 1(10) 0.12
PS at recurrence, n (%) PS at recurrence, n (%)

0 3(13) 8(13) 0 0 (0) 3(30)

1 18 (78) 49 (77) 1 12 (92) 6 (60)

2 29 7 (10) 0.95 2 1(8) 1010 0.10
Histological type, n (%) Histological type, n (%)

Adenocarcinoma 16 (70) 44 (69) Adenocarcinoma 8(62) 8 (80)

Squamous 4(17) 12 (19) Squamous 3(23) 100

Other 3(13) 8(12) 0.99 Other 2 (15) 100 0.62
Stage at treatment, n (%) Stage at treatment, n (%)

stage IV 19 (83) 35 (55) stage IV 10 (77) 9 (90)

Postoperative or post- 4(17) 29 (45) 0.02 Postoperative or post- 3(23) 1(10) 0.41

chemoradiotherapy recurrence chemoradiotherapy recurrence
PD-L1 expression, n (%) PD-L1 expression, n (%)

50-74 % 5(22) 23 (36) 50-74% 4 (31) 1010

75—100 % 23 (36) 41 (64) 0.21 75-100% 9 (69) 9 (90) 0.23
Smoking Status, n (%) Smoking Status, n (%)

Current or Former 21 (91) 56 (88) Current or Former 12 (92) 9 (90)

Never 209 8(12) 0.62 Never 1(8) 1(10) 0.85
Number of BM, n Number of BM, n

median 3 median 2 3.5

range 1-2>10 range 1-2>10 1->10 0.43
Maximum diameter of BM Maximum diameter of BM

median 13.6 mm median 17.5mm 6.0 mm

range 2.6-60.6 mm range 6.8 - 60.6 mm 2.6 - 16.4mm >0.01
Treatment of BM, n (%) 13 (57) Symptomatic BM, n (%) 6 (46) 0(0) 0.01
Symptomatic BM, n (%) 6 (26) Treatment against BM, n (%)
ds-GPS at the start of SRS / SRT 10 (77)

pembrolizumab, n (%) WBRT 1(8)

0-1.0 9(39) SRS + surgery 2(15)

1.5-2.0 9(39) ds-GPS at the start of

2.5-3.0 4(17) pembrolizumab, n (%)

3.5-4.0 1(5) 0-1.0 5(38) 4 (40)

Abbreviations: PS: performance status, PD-L1: programmed cell death ligand 1, ;g A i:g Z gg; g gg;
BM: brain metastasis, ds-GPA: diagnosis-specific Graded Prognostic Assessment. 3.5-4.0 1(8) 0 (0) 0.84

% CI = 8.3-33.2 months) in the BM group, versus 24.6 months (95 %
CI=18.9 months to not reached) in the non-BM group (P=0.57,
Fig. 1B). The median PFS of BM was 18.6 months (95 % CI = 8.3-29.0
months) in the BM group, compared with 23.8 months (95 % CI=11.9
months to not reached) in the non-BM group (P =0.62, Fig. 1C).

3.2. BM-T and BM-not t groups

3.2.1. Patient characteristics

In total, 13 and 10 patients were grouped into the BM-T and BM-not
T groups. No significant differences in patient characteristics were found
between the two groups, but the maximum diameter of BM and the
proportion of patients with symptomatic BM were significantly greater
in the BM-T group.

3.2.2. Efficacy

There were no significant differences in ORR and BMRR between the
two groups (Table 4). ORR was 54 % in the BM-T group, versus 60 % in
the BM-not T group (P =0.77). BMRR was 77 % in the BM-T group,
compared with 60 % in the BM-not T group (P = 0.21). In the BM-not T
group, all responses of BM were complete responses. Five patients dis-
played improvement of symptoms caused by BM, and the condition of
one patient with incomplete hemiplegia remained unchanged. The
median PFS was 6.5 months (95 % CI = 0.5 months to not reached) in
the BM-T group, versus 5.3 months (95 % CI = 0.4-10.8 months) in the
non-BM group (P =0.47, Fig. 2A). The MST was not reached (95 %

Abbreviations: PS: performance status, PD-L1: programmed cell death ligand 1,
BM: brain metastasis, SRS: stereotactic radiosurgery, SRT: stereotactic radio-
therapy, WBRT: whole-brain radiotherapy, ds-GPA: diagnosis-specific Graded
Prognostic Assessment.

Table 3
Best overall response and BM response to first-line pembrolizumab in the BM
and non-BM groups.

Best overall response BM response

BM group Non-BM group BM group
(N=23) (N=64) (N=23)
Best response, n
(%)
CR 0 (0) 0(0) 12 (52)
PR 13 (57) 27 (42) 4(18)
SD 3(13) 9(14) 14)
PD 6 (26) 22 (34) 14)
non CR / non 0 (0) 3(5) 0 (0)
PD
NE 1(4) 3(5) 5(22)
Response rate (%) 57 42 70
P value 0.24

Abbreviations: BM: brain metastasis, CR: complete response, PR: partial
response, SD: stable disease, PD: progressive disease, NE: not evaluable.
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Fig. 1. (A) Progression-free survival, (B) overall survival, and (C) progression-free survival of brain metastasis in the BM and non-BM groups.

CI = 8.6 to not reached) in the BM-T group, compared with 18.6 months
(95 % CI = 4.1-33.2 months) in the BM-not T group (P = 0.63, Fig. 2B).
The median PFS of BM was 13.6 months (95 % CI = 3.4 months to not
reached) in the BM-T group, versus 18.6 months (95 % CI=2.0-29.0
months) in the BM-not T group (P = 0.90, Fig. 2C). Only one patient was
received WBRT during the course of treatment in the BM-not T group.

3.3. Safety

Adverse events (AEs) are listed in Table 5. The most frequent AE was
rash (five patients in the BM-T group and four patients in the BM-not T
group). Diarrhea was observed in three patients in the BM-T group and
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two patients in the BM-not T group. Endocrine disorders, such as hy-
pothyroidism and adrenal insufficiency, were observed in four patients
in the BM-T group and one patient in the BM-not T group, but these AEs
were controllable with replacement therapy. Grade 3 pneumonitis was
observed in two patients in each group and was treated with systemic
steroids. The proportion of patients with treatment-related adverse
events leading to discontinuation of pembrolizumab was 2 patients
(15.4 %) in the BM-T group and 3 patients (30.0 %) in the BM-not T
group. There were no-treatment related deaths. Two patients in the BM-
T group developed radiation necrosis of BM after RT. One patient
developed radiation necrosis 132 days after the start of pembrolizumab
therapy, and he was treated with systemic steroids because he had
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Table 4
Best overall response and BM response to first-line pembrolizumab in the BM-T
and BM-not T groups.

Best overall response BM response

BM-T group BM-not T BM-T group BM-not T
(N=13) group (N=13) group
(N=10) (N=10)
Best
response, n
(%)
CR 0 (0) 0 (0) 6 (46) 6 (60)
PR 7 (54) 6 (60) 4 (3D 0(0)
SD 2 (15) 1(10) 1(8) 0(0)
PD 3(23) 3(30) 0(0) 1(10)
non CR / 0(0) 0 (0) 0(0) 0(0)
non PD
NE 1(® 0(0) 2 (15) 3 (30)
Response rate 54 60 77 60
(%)
P value 0.77 0.21

Abbreviations: BM: brain metastasis, CR: complete response, PR: partial
response, SD: stable disease, PD: progressive disease, NE: not evaluable.

symptoms of incomplete hemiplegia. The other patient developed ra-
diation necrosis 402 days after the start of pembrolizumab. He was not
treated because he had only imaging findings.

4. Discussion

This study demonstrated the efficacy of pembrolizumab for BM in
patients with previously untreated NSCLC with high tumor PD-L1
expression. The BMRR was 70 % among all patients with BM. In addi-
tion, ORR, PFS, and OS did not significantly differ between the non-BM
group and BM groups. Although the maximum diameter of BM and rate
of symptomatic BM were significantly smaller in the BM-not T group, the
response of BM was complete response for all patients in the BM-not T
group. Meanwhile, only one patient was received WBRT during the
course of treatment in the BM-not T group.

The central nervous system (CNS) includes the blood-brain barrier
(BBB), which regulates homeostasis of the CNS by forming a tightly
regulated neurovascular unit [19]. Although the BBB plays an important
role in protecting the brain, it limits drug penetration into the brain
parenchyma. The ability of drugs to cross the BBB is affected by several
factors, such as molecular size, liposolubility, and charge [20]. It was
reported that monoclonal antibodies, such as rituximab and trastuzu-
mab, have low BBB penetrability due to their high molecular weights. In
the case of ICI therapy, one study assessed the concentrations of nivo-
lumab and pembrolizumab in serum and cerebrospinal fluid (CSF) [21].
The serum/CSF ratios of nivolumab ranged from 52 to 299, and the CSF
penetration rate of nivolumab was similarly as low as those of rituximab
and trastuzumab. In a recent review of the use of ICIs in the treatment of
NSCLC BM, the potentially relevant mechanisms of action of ICIs in the
CNS were mentioned [15]. First, some of the injected dose reaches the
microenvironment of the BM. The local T-lymphocytes are reinvigo-
rated, and they produce IFNy, which is one of the mediators of innate
immunity. IFNy binds to brain microvascular endothelial cells and
weakens the BBB. Finally, antigen-specific lymphocytes infiltrate the
CNS. In addition, circulating tumor-specific lymphocyte counts are
increased, and the antigen repertoire is expanded. This mechanism is
partly attributable to extracranial lymphocyte reinvigoration. The
mechanism of action of ICIs is related not to the direct action against BM
but to modified immune cell activity. Although we included patients
with high PD-L1 expression in our study, we could not assess PD-L1
expression in BM. Several studies assessed the concordance of PD-L1
levels between BM and primary lesions in patients with NSCLC
[22-24]. However, the results of these studies were inconsistent, and it
was unclear whether PD-L1 expression is comparable between BM and
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primary lesions. Further large studies assessing the biomarkers of effi-
cacy of pembrolizumab against BM are expected.

A phase Il trial that assessed the efficacy of pembrolizumab for BM of
melanoma or. NSCLC was reported in 2016 [25]. This study included 18
patients with melanoma and 34 patients with NSCLC. The BMRR was 22
% in the melanoma cohort and 33 % in the NSCLC cohort. In 2020, the
updated analysis of this study was reported, and 42 patients were
included [26]. Patients were divided into two cohorts according to
PD-L1 expression using a cutoff of 1 %. The BMRR of the cohort a PD-L1
tumor proportion score of less than 1 % or not evaluable was 0 %,
compared with approximately 30 % for the cohort with higher
PD-L1-positive rates. Although only 36 % of patients had previously
untreated NSCLC and almost half of the patients harbored gene alter-
ation in their report, PD-L1 might be a predictive factor for the efficacy
of pembrolizumab against BM. The BMRR in our study, which included
only patients with untreated NSCLC with high PD-L1 tumor expression,
was higher than reported in their research. In 2020, a multicenter
retrospective study assessed the efficacy of pembrolizumab in patients
with or without BM caused by advanced NSCLC with a PD-L1 expression
> 50 % was reported [27]. A total of 282 patients were included and 56
patients had BM. The MST of patients with BM was 10.8 months and the
BMRR was 67.5 % in this report. Because the proportion of patients with
poor PS and symptomatic BM were greater compared with our study, the
MST might have been shorter than our result. In fact, multivariate
analysis of this report showed that PS > 2 was an independent predictive
factor for a poorer OS. There were several reports about the efficacy of
ICI for patients with poor PS, and careful consideration of treatment
with ICI might be necessary in case of patients with poor PS [28-30].

In 2019, Kim et al. reported a network meta-analysis comparing
pembrolizumab monotherapy with pembrolizumab plus chemotherapy
[31]. Pembrolizumab plus chemotherapy was linked to better PFS than
pembrolizumab monotherapy for patients with NSCLC and PD-L1
TPS > 50 %. Since the results of our study described the efficacy of
pembrolizumab monotherapy against BM with high PD-L1 tumor
expression, pembrolizumab combined with chemotherapy might have
enhanced efficacy in these patients. A phase III trial comparing pem-
brolizumab monotherapy with pembrolizumab plus chemotherapy for
previously untreated patients with NSCLC and PD-L1 TPS > 50 % are
ongoing (NCT04547504, PERSEE study). The results of the PERSEE
study may reveal better strategies for patients with BM caused by pre-
viously untreated NSCLC and PD-L1 TPS > 50 %. It has been suggested
that angiogenesis inhibitors such as bevacizumab might be effective
against BM caused by NSCLC [32,33]. In 2020, an exploratory analysis
of the IMpower 150 study, which compared atezolizumab plus chemo-
therapy or atezolizumab plus bevacizumab and chemotherapy with
bevacizumab plus chemotherapy, was reported [34]. This study found
that a trend toward delayed development of new BM was observed for
bevacizumab-containing regimens. Currently, several clinical trials
including angiogenesis inhibitors are ongoing, and the results of these
trials are anticipated (Table 6).

In our study, pneumonitis was observed in four patients (17 %) in the
BM group. Although the reason was unclear, the small sample size may
have affected the rate of occurrence. Because one patient who presented
with pneumonitis received palliative thoracic RT following pem-
brolizumab, the cause of pneumonitis in this patient may have been
thoracic RT. However, patients with BM may need to be treated with
caution. In the BM-T group, two patients (15 %) displayed radiation
necrosis of BM. It has been reported that radiation necrosis occurs in
approximately 5 %-10 % of patients treated with SRS, and immuno-
therapy significantly increased the rate of radiation necrosis in patients
treated with SRS compared with the findings in patients who received
cytotoxic chemotherapy or targeted therapy [35-37]. In our study, both
patients who developed radiation necrosis of BM received SRS before
pembrolizumab. One of two patients had symptoms of incomplete
hemiplegia, and he was treated with systemic steroids starting 132 days
after the initiation of pembrolizumab therapy. It was reported that
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Fig. 2. (A) Progression-free survival, (B) overall survival, and (C) progression-free survival of brain metastasis in the BM-T and BM-not T groups.

baseline steroid use was associated with poorer outcomes in patients
with NSCLC treated with ICIs [38]. In 2019, Hendriks et al. reported the
outcomes of patients with NSCLC and BM who received ICIs [39]. They
reproducibly reported that corticosteroid use was associated with poorer
OS in the BM subgroup in multivariate analysis. Although our patients
with radiation necrosis did not receive systemic steroids at the start of
pembrolizumab, steroid use might have affected the prognosis of these
patients. Meanwhile, there was no difference in treatment efficacy be-
tween the BM-T and BM-not T groups. It is unclear whether RT or
pembrolizumab should be administered first. Considering the risk of
radiation necrosis, patients with asymptomatic and small BM caused by
previously untreated NSCLC with high PD-L1 expression may be
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effectively treated with pembrolizumab before RT.

Our study had several limitations. First, the sample size was small,
and this was a single-center study. However, the KEYNOTE-024 study
did not include patients with untreated BM. In addition, only 18 patients
who received pembrolizumab had BM. Because a prospective study
assessing the efficacy of pembrolizumab for BM caused by previously
untreated NSCLC with high tumor PD-L1 expression is difficult, we
believe that our study is important as real-world evidence for clinical
practice. Second, the timing of the response assessment was decided by
each physician, which might bias the results for PFS. Although five pa-
tients (22 %) in the BM group were not assessed for the response of BM,
0S, which was the hard endpoint, was not significantly different
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Table 5

AEs in the BM-T and BM-not T groups.

Lung Cancer 151 (2021) 60-68

BM-T group (N=13)

BM-not T group (N =10)

Grade 1 Grade 2 >Grade 3 Grade 1 Grade 2 >Grade 3
AE, n (%)
Rash 3 (23 %) 1 (8%) 1 (8%) 3 (30 %) 1 (10 %) 0 (0%)
Pruritus 2 (15 %) 2 (15 %) 0 (0%) 3 (30 %) 1 (10 %) 0 (0%)
Dry skin 0 (0%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Appetite loss 3 (23 %) 0 (0%) 0 (0%) 1 (10 %) 0 (0%) 0 (0%)
Fatigue 1 (8%) 0 (0%) 0 (0%) 1 (10 %) 0 (0%) 0 (0%)
Mucositis 0 (0%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Diarrhea 3 (23 %) 0 (0%) 0 (0%) 1 (10 %) 1 (10 %) 0 (0%)
Hyperthyroidism 3 (23 %) 0 (0%) 0 (0%) 2 (20 %) 0 (0%) 0 (0%)
Hypothyroidism 1 (8%) 2 (15 %) 0 (0%) 0 (0%) 1 (10 %) 0 (0%)
Adrenal insufficiency 0 (0%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
AST increased 1 (8%) 0 (0%) 0 (0%) 0 (0%) 110 %) 0 (0%)
ALT increased 1 (8%) 1 (8%) 0 (0%) 1 (10 %) 0 (0%) 1 (10 %)
Blood bilirubin increased 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(10 %) 0 (0%)
Creatinine increased 2 (15 %) 0 (0%) 0 (0%) 1 (10 %) 0 (0%) 0 (0%)
Proteinuria 0 (0%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pneumonitis 0 (0%) 0 (0%) 2 (15 %) 0 (0%) 0 (0%) 2 (20 %)
Central nervous system necrosis 1 (8%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Systemic steroid against AE, n (%) 4 (31 %) 4 (40 %)
Abbreviations: AE: Adverse event, AST: aspartate aminotransferase, ALT: alanine aminotransferase.
Table 6
Clinical trials of ICI treatment in previously untreated patients with non-small cell lung cancer.
Trial number phase  PD-L1 treatment 1st EP
Pembrolizumab . .
NCT04547504 (PERSEE) 111 >50 % . Progression-free survival
Pembrolizumab + chemotherapy
NCT04294810 - ~50 % Tiragolumab + atezolizumab Progression-free survival Overall
(SKYSCRAPER-01) - Atezolizumab survival
NCT03829332 (LEAP-007) I >1% Pembrol%zumab + lenvatinib Progression—free survival Overall
Pembrolizumab + placebo survival
NCT03631706 I 550 % M7824 . Progression-.free survival
Pembrolizumab Overall survival
NCT03976362 (KEYLYNK- I All Pembrolizumab + chemotherapy =~ —Pembrolizumab + olaparib Progression-free survival Overall
008) Pembrolizumab + chemotherapy ~ —Pembrolizumab + placebo survival
NCT03976323 (KEYLYNK- Pembrolizumab + chemotherapy =~ —Pembrolizumab + olaparib Progression-free survival Overall
1T All . . .
006) Pembrolizumab + chemotherapy =~ —Pembrolizumab + pemetrexed survival
NCT03867175 I All ICL+ chemotherapy  —~SBRT -+ [.)embrohzumab Progression-free survival
ICI + chemotherapy =~ —Pembrolizumab
NCT04475939 (ZEAL-1 L) I All Pembrol%zumab + chemotherapy »Pembro]?zumab -+ niraparib Progression—free survival Overall
Pembrolizumab + chemotherapy —Pembrolizumab + placebo survival
NCT04139317 I >50 % Pembrol{zumab + capmatinib Progression-free survival
Pembrolizumab
Zimberelimab Objective response rate Progression-
NCT04262856 (ARC-7) I Positive Zimberelimab + AB154 free survival
Zimberelimab -+ AB154 + AB928
NCT04515979 I >1% Pembrolizumab + vactosertib Objective response rate
NCT03896074 (BEAT) i >1% Atezolizumab . Overall survival
Atezolizumab + bevacizumab
NCT04164745 I >1% Pembrolizumab + anlotinib Progression-free survival
NCT03322540 (KEYNOTE- Pembrolizumab + epacadostat I
654) I >50 % Pembrolizumab + piicebo Objective response rate
NCT04524689 (CARMEN- I 1% Pembrolizumab Dose-limiting toxicity Objective
LCO5) - Pembrolizumab + SAR408701 response rate
Atezolizumab + placebo Objective response rate Progression-
NCT03563716 (CITYSCAPE) I z1% Atezolizumab + MTIG7192A free survival
NCT03417882 I >50 % Pembrolizumab + GRN-1201 Response rate
NCT03353675 1/11 <50 % Nivolumab + chemotherapy + TG4010 Objective response rate
Atezolizumab + chemotherapy + bevacizumab —
NCT03786692 I NA Atezolizumab + pemetrexed -+ bevacizumab Progression-free survival

Chemotherapy + bevacizumab —Pemetrexed + bevacizumab

Abbreviations: PD-L1: programmed cell death ligand 1, 1 st EP: Primary endpoint, ICI: immune checkpoint inhibitor, SBRT: stereotactic body radiotherapy.

between the BM and non-BM groups. Finally, we included only patients

study are relevant to cl

with high PD-L1 expression. Since only two BM samples were resected,

we did not assess PD-L1 levels in BM. Therefore, PD-L1 levels in BM were

5. Conclusions

unclear. However, the assessment of PD-L1 expression in BM is difficult,

and patients with NSCLC and high tumor PD-L1 expression are treated
with pembrolizumab in clinical practice. We believe the results of our
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inical practice.

In conclusion, pembrolizumab may have efficacy for BM in patients
with previously untreated NSCLC and high PD-L1 expression. Patients
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with asymptomatic and small BM are suitable for pembrolizumab
therapy prior to RT, and this strategy may prevent AEs caused by RT,
such as radiation necrosis and cognitive disorder. Larger real-world
studies are warranted in the future.
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