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ABSTRACT

Introduction: Pulmonary sarcomatoid carcinoma (PSC) is a
rare subtype of lung cancer associated with poor prognosis
and resistance to conventional chemotherapy. Immune
checkpoint inhibitors (ICIs), alone or in combination with
chemotherapy, were found to have clinical benefits in PSC in
recent studies. Nevertheless, because these studies included
a small number of patients owing to disease rarity, larger
studies are needed to evaluate the effectiveness and safety
of ICI-based therapy for PSC.

Methods: This multicenter retrospective study evaluated
patients with ICI-naive advanced or metastatic PSC who were
treated with ICI-based therapy at 25 hospitals in Japan.

Results: A total of 124 patients were evaluated. The overall
response rate, median progression-free survival (PFS), and
median overall survival (0S) were 59.0%, 10.5 months, and
32.8 months, respectively. The PFS and OS rates at 24
months were 35.3% and 51.5%, respectively. Programmed
death-ligand 1 expression, concomitant chemotherapy, and
the treatment line were not significantly associated with
PFS or OS. Immune-related adverse events (irAEs) were
observed in 70 patients (56.5%), including 30 (24.2%) with
grade 3 to 5 events. Patients with mild irAEs (grades 1-2)
had longer PFS and OS than did those with severe (grades
3-5) or no irAEs. In a multivariate analysis, any-grade irAEs
and the absence of liver metastases were independently
associated with PFS, whereas any-grade irAEs and Eastern
Cooperative Oncology Group performance status less than
or equal to 1 were independently associated with OS.

Conclusions: ICI-based therapy was found to have prom-
ising effectiveness in patients with advanced or metastatic
PSC, regardless of programmed death-ligand 1 expression,
concomitant chemotherapy, or treatment line.

© 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Keywords: Pulmonary sarcomatoid carcinoma; Immune
checkpoint inhibitors; Real-world data; Lung cancer

Introduction

Pulmonary sarcomatoid carcinoma (PSC) is a rare
subtype of NSCLC, accounting for only 0.4% of all lung
cancers. According to the 2015 WHO classification of
lung tumors, there are five histopathologic subtypes, as
follows: pleomorphic carcinoma, spindle cell carcinoma,
giant cell carcinoma, carcinosarcoma, and pulmonary
blastoma. Some reports have found a worse prognosis
for PSC than for typical NSCLC.? In five retrospective
series of patients with advanced or metastatic PSC who
received first-line chemotherapy, the median overall
survival (0S) was only 4.3 to 8 months.”>”” Therefore,
novel therapeutic strategies for treating PSC are urgently
needed.

Immune checkpoint inhibitors (ICIs) have dramati-
cally improved the prognosis of patients with NSCLC.?
Several studies have reported that PSC is associated
with high programmed death-ligand 1 (PD-L1) expres-
sion, immune infiltration, and tumor mutational burden,
which are predictive biomarkers for tumor response to
ICIs.”*" These reports provide a rationale for using ICls
in PSC. A recent study including 37 patients with PSC
who received ICI monotherapy as a second- or later-line
treatment revealed that the overall response rate (ORR),
median progression-free survival (PFS), and median OS
were 40.5%, 4.89 months, and 12.7 months, respec-
tively."” In a study of 49 patients with PSC treated with
ICI monotherapy as a second- or later-line treatment, the
ORR, median PFS, and median OS were 49.0%, 7.2
months, and 22.2 months, respectively.13 In recent years,
ICI dual therapy and a combination of chemotherapy
with ICIs (chemoimmunotherapy) have become standard
first-line treatment options for advanced NSCLC,
regardless of PD-L1 expression.”'*'® Several studies
have been conducted on the use of these therapies in
patients with PSC. Kim et al.,'® in a study of 18 patients
with PSC, reported the efficacy of combination therapy
with durvalumab and tremelimumab in any line of
treatment, with an ORR of 26.7%, median PFS of 5.9
months, and median OS of 15.4 months. In a study by
Zhou et al.'” of 34 patients with PSC treated with first-
line chemoimmunotherapy, the ORR was 70.6%, me-
dian PFS was 10.3 months, median OS was not reached,
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and two-year survival rate was 57.8%. Taken together,
these studies have revealed that ICI-based therapy has
promising therapeutic potential for treating PSC.
Nevertheless, the small number of patients with PSC
recruited in each study, owing to disease rarity, limits
the generalizability of the results. Moreover, immune-
related adverse events (irAEs) in PSC have not been
fully studied. Here, we evaluated the effectiveness and
safety of IClIs, alone or in combination with chemo-
therapy, in patients with advanced or metastatic PSC.

Materials and Methods

Study Design and Patients

This multicenter, retrospective study evaluated all
consecutive  patients with immunotherapy-naive
advanced or metastatic PSC who were treated with
ICIs alone or in combination with chemotherapy at 25
hospitals in Japan between December 2015 and
September 2021. Data were obtained from clinical re-
cords. According to the smoking status, patients were
categorized as never smokers (smoked <100 cigarettes
in their lifetime) and ever smokers (smoked more than
100 cigarettes in their lifetime). We diagnosed PSC ac-
cording to the WHO classification using samples ob-
tained from surgery or biopsy.”'® All tumors were
staged using the eighth edition of the TNM staging sys-
tem for lung cancer.'® We analyzed PD-L1 expression by
immunohistochemistry and evaluated it using the tumor
proportion score (TPS). Tumors were assessed accord-
ing to the Response Evaluation Criteria in Solid Tumors
(version 1.1).”° Safety data were assessed using the
Common Terminology Criteria for Adverse Events
(version 4.0 or later). We defined irAEs as AEs with a
potential immunologic basis that required monitoring
and interventions. The irAEs were classified by organ
system, as follows: pulmonary; cutaneous; hepatic;
endocrine; gastrointestinal; renal; and other irAEs, such
as thrombocytopenia, arthritis, and pancreatitis. The
study was approved by the Institutional Review Board of
each participating institution. The requirement for
written informed consent was waived owing to the
retrospective nature of the study. Instead, the research
content was posted on the hospital websites. This study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Statistical Analysis

Co-primary outcomes were ORR and PFS, and sec-
ondary outcomes were OS and incidence of irAEs. We
assessed PFS from the first day of ICI treatment to that of
the earliest signs of disease progression or death from
any cause. We evaluated OS from the initiation of ICI
treatment to the date of death or the last follow-up.
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Baseline characteristics are summarized using fre-
quencies and percentages for categorical variables and
medians and ranges for continuous variables. We
compared ORR using Fisher’s exact test. Survival curves
were calculated using the Kaplan-Meier method, and
group comparisons were performed using the log-rank
test. Multiple testing was adjusted for using the Bon-
ferroni method. Median follow-up was estimated using
the reverse Kaplan-Meier method. The data cutoff date
was set to May 17, 2022. Patients without disease pro-
gression or those surviving at the data cutoff date were
censored at their last clinical visit date. Cox proportional
hazards regression was used for univariate and multi-
variate survival analyses. Statistical analyses were car-
ried out using the EZR software (version 1.51; Saitama
Medical Center, Jichi Medical University, Saitama,
Japan).”’ A two-sided p value lower than 0.05 was
considered statistically significant.

Results

Patient Characteristics

We retrospectively collected demographic and clin-
ical data of 124 patients with advanced or metastatic
PSC. The patients’ baseline characteristics are listed in
Table 1. The median patient age was 69 years (range:
35-84 y). Most patients were men (78.2%), were ever
smokers (85.5%), and had an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0 to
1 (83.1%). Furthermore, 76 of the patients (61.3%) had
stages Il to IV disease, and 48 (38.7%) had recurrent
disease. The final diagnosis of PSC was established by
surgery in 66 patients (53.2%) and small biopsy in 58
patients (46.8%). Among the histopathologic subtypes,
92 patients (74.2%) were diagnosed with having pleo-
morphic carcinoma; 15, carcinosarcoma; nine, spindle
cell carcinoma; and one, giant cell carcinoma. The sam-
ples of the remaining seven patients were difficult to
classify into specific subtypes.

We performed PD-L1 testing in 116 samples (93.5%),
and PD-L1 expression was determined using the TPS.
The 22C3 assay was used for all but one sample, for
which the 28-8 assay was used. The PD-L1 TPS was less
than 1%, 1% to 49%, more than or equal to 50%, and
unknown in 11 (8.9%), 24 (19.4%), 81 (65.3%), and
eight (6.5%) patients, respectively. Furthermore, 40 pa-
tients received a first-line combination of ICIs with
platinum-based chemotherapy; 56, first-line ICI mono-
therapy or dual therapy; and 28, ICI monotherapy as a
second- or later-line therapy. The treatment regimens
are listed in Supplementary Table 1. Supplementary
Table 2 reveals the prior and subsequent systemic
therapies in each treatment group. The EGFR, ALK, ROS1,
BRAF, MET, KRAS, and other driver mutation rates were
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Table 2. Tumor Response

Patients (N = 124) Response n % (95% ClI)
s CR 8 6.8
Characteristics n %
. PR 61 52.1

Age SD 18 15.4
Median 69 PD 22 18.8
Range 35-84 NE 8 6.8

Sex No measurable lesion 7
Male 97 78.2  ORR 59.0 (49.5-68)
Ferﬁale - 27 21.8 Cl, confidence interval; CR, complete response; NE, not evaluable; ORR,

Smoking history overall response rate; PD, progressive disease; PR, partial response; SD,
Never 18 14.5 stable disease.

Ever 106 85.5

ECOG PS
0-1 103 83.1 Fig. 14), and the median OS was 32.8 months (95% CI:
>2 21 16.9  17.1 mo-not available; Fig. 1B). The PFS and OS rates at

Clinical stage 24 months were 35.3% (95% CI: 26.0%-44.6%) and
Advanced 76 613 515% (95% CI: 41.4%-60.7%), respectively. The
,Recur,rence . il Kaplan-Meier curves for PFS and OS according to the PD-

Diagnosis method . . .

Surgery 66 53.9 L1 expression levels are found in Figure 24. Our data
Others 58 46.8 Tevealed that PD-L1 expression was not significantly

Histologic subtypes associated with PFS (p = 0.204). Although PD-L1
Pleomorphic carcinoma 92 74.2  expression was correlated with OS (p = 0.047), the as-
Others 32 25.8  sociation was not significant after adjusting for multiple

::teert‘t'al p”e“momba athaSEI‘”e (3’3 ‘2"8 comparisons. To determine the impact of PD-L1
rain metastases at baseline 6-6 expression on programmed death-1 (PD-1) or PD-L1

Liver metastases at baseline 12 9.7 yer . . .

PD-L1 TPS inhibitor monotherapy with or without chemotherapy,
<1% 1 8.9 we further investigated the relationship between PD-L1
1%-49% 24 19.4  expression and survival after excluding 10 patients
>50% 81 65.3  treated with ICI dual therapy. Among the 114 patients
Unknown 8 6.5  treated with ICI monotherapy alone or in combination

TreF:?\tTTht rrélme:; o 0 2.3 with chemotherapy, PD-L1 expression was not associ-
rst-line S with chemotherapy . . .

First-line ICls without chemotherapy 56 45.2 ated with PFS or OS_ (Supplem-entary Fig. 24 a-nd B). We
Later-line ICI monotherapy 28 22.6  also analyzed the differences in treatment efficacy with

ECOG PS, Eastern Cooperative Oncology Group Performance Status; ICl,
immune checkpoint inhibitor; PD-L1, programmed death-ligand 1; TPS, tu-
mor proportion score.

1.8% (two of 113), 0% (zero of 111), 0% (zero of 69),
4.7% (two of 43), 7.4% (two of 27), 31.0% (13 of 42),
and 0% (zero of 42), respectively (Supplementary
Fig. 1). Of the 17 patients with gene mutations, 14 had
pleomorphic carcinoma, two had carcinosarcoma, and
the remaining patient had unclassified cancer. One pa-
tient each had PSC with EGFR/KRAS comutation and
BRAF/KRAS comutation.

Effectiveness and Safety

The ORR was 59.0% (95% confidence interval [CI]:
49.5%-68%; Table 2). At the median follow-up period of
30.6 months (95% CI: 22.4-36.3 mo), 75 (60.5%) PFS
events and 60 (48.4%) OS events were observed. The
median PFS was 10.5 months (95% CI: 6.8-15.5 mo;

or without concomitant chemotherapy and across
treatment lines. The ORR in each treatment group was
66.7%, 56.6%, and 53.6%, median PFS was 9.2, 11.2, and
12.0 months, and median OS was 24.9, 20.1, and 44.0
months, respectively (Supplementary Table 3; Fig. 2B).
No significant differences between the treatment groups
were found in the ORR, PFS, or OS (p = 0.5, p = 0.88, and
p = 0.443, respectively).

The irAEs are summarized in Supplementary Table 4.
Those of any grade were reported in 70 patients
(56.5%), including 30 (24.2%) with grade greater than
or equal to 3 events. The most common grade greater
than or equal to 3 irAEs were pneumonitis (6.5%) and
hepatitis (6.5%). Treatment discontinuation due to AEs
occurred in 30 patients (24.2%), whereas death due to
AEs occurred in four patients (3.2%). Of note, patients
with mild irAEs (grades 1-2) had longer PFS and OS than
did those with severe (grades 3-5) or no irAEs (Fig. 2C).

In univariate analysis, ECOG PS less than or equal to
1, any-grade irAEs, and the absence of liver metastases at
baseline had a significant influence on PFS and OS
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Median PFS, months (95% CI) 24-month PFS rate, % (95% CI)
10.5 (6.8-15.5) 353 (26.0-44.6)

Median OS, months (95% CI) 24-month OS rate, % (95% CI)
32.8 (17.1-NA) 515 (41.4-60.7)

100
80
~~ -
éo/ 60
wn
&
A 40
20 7
0
T T T T
0 20 40 60
Months
Number at risk
A 124 28 8 4

100
80
= 60
s
n
o 40
20 7
0
T T T T
0 20 40 60
Months
Number at risk
B 124 45 15 5

Figure 1. Kaplan-Meier estimates of (A) PFS and (B) OS. Cl, confidence interval; NA, not available; OS, overall survival; PFS,

progression-free survival.

(Table 3). Multivariate analysis revealed that any-grade
irAEs (hazard ratio [HR] = 0.57; 95% CI: 0.35-0.93;
p = 0.025) and the absence of liver metastases (HR =
2.58; 95% CI: 1.27-5.27; p = 0.009) were significantly
associated with longer PFS, whereas ECOG PS less than
or equal to 1 (HR = 0.24; 95% CI: 0.12-0.46; p < 0.001)
and any-grade irAEs (HR = 0.53; 95% CI: 0.31-0.90; p =
0.020), with longer OS. Univariate and multivariate an-
alyses of PFS and OS in each treatment group are found
in Supplementary Table 5. ECOG PS less than or equal to
1 (HR = 0.32; 95% CI: 0.14-0.71; p = 0.005) and any-
grade irAEs (HR = 0.44; 95% CI: 0.21-093; p =
0.031) were significantly associated with OS in patients
treated with first-line ICIs without chemotherapy. In
patients treated with second- or later-line ICI mono-
therapy, the absence of liver metastases at baseline
(HR = 12.0; 95% CI: 2.52-56.9; p = 0.002) was an in-
dependent prognostic factor for PFS, whereas ECOG PS
less than or equal to 1 (HR = 0.18; 95% CI: 0.05-0.62;
p = 0.006), for OS.

Discussion

To our knowledge, this is the largest study to date to
evaluate the effectiveness and safety of ICI-based treat-
ment in patients with PSC. In the present study, the ORR
was 59.0%; median PFS, 10.5 months; and median OS,
32.8 months. The treatment outcomes were comparable
with those of a previous study that evaluated first-line
ICIs plus chemotherapy in patients with advanced or
metastatic PSC'” and seem to be superior to those re-
ported by previous studies using ICI monotherapy or

dual therapy.'”'*'® Notably, our data revealed that
concomitant chemotherapy did not have a survival
benefit. Akinboro et al.”* conducted a pooled analysis
using data from 12 randomized controlled trials (RCTs)
of patients with NSCLC with PD-L1 TPS greater than or
equal to 50% treated with first-line chemo-
immunotherapy or immunotherapy alone. They found
that chemoimmunotherapy had a significant benefit in
PFS but not in 0S. They previously reported that PFS and
0S improved more with chemoimmunotherapy than
with immunotherapy alone in those with a PD-L1 TPS
score of 1% to 49%.”* Perol et al.”* conducted a real-
world retrospective cohort study of patients with non-
squamous NSCLC with PD-L1 TPS greater than or equal
to 50%. In their study, no significant differences in PFS
and OS were observed between patients treated with
first-line immunotherapy and those treated with che-
moimmunotherapy. Considering the high expression of
PD-L1 in PSC, as described subsequently, the addition of
platinum-doublet chemotherapy to immunotherapy
might provide little improvement in survival in patients
with PSC.

Similar to the results of previous studies, we
found a high expression of PD-L1 in PSC. Although PD-L1
expression in tumor cells has been reported as a pre-
dictive marker for the efficacy of PD-1 or PD-L1 in-
hibitors in NSCLC,?” it did not influence PFS or 0S in our
study. Unlike our findings, some investigators have re-
ported a positive relationship between PD-L1 expression
and the effectiveness of ICIs in PSC. Babacan et al.”®
revealed that positive PD-L1 expression (>1%) is

9,10,12,17



6 Hazama et al

PD-L1 TPS
— <1%
-  1-49%
—__ =50%

Median PFS, months (95% CI)
27.6 (1.4-NA)
52(2.3-12.2)

11.2 (6.2-15.5)

Log-rank P = 0.204
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PD-L1 TPS Median OS, months (95% CI)

<1% 44.0 (3.8-NA)
P=0.198
1-49% 10.5 (6.2-24.9) % ] P=1.000
>50% 36.3 (19.1-NA) 4 £=0.069
Log-rank P = 0.047
1001
80
$ 601
Q S a—
O 401
20
01, . . .
0 20 40 60
Number at risk Months
<1% 11 4 3 1
1-49%24 5 2 1
>50% 81 32 8 1

1007
80
< 601
n
=
& 40
207
0
T T T T
0 20 40 60
Number at risk Months
<1% 11 3 1 1
1-49% 24 4 2 1
A >50% 81 17 3 1
Treatment Median PFS, months (95% CI)
—— 1st-line Chemo-ICIs 9.2 (5.8-22.4)
—_— 1st-line ICIs 11.2 (5.6-37.7)
-_ Later-line ICIs 12.0 (3.4-NA)

Treatment Median OS, months (95% CI)
Ist-line Chemo-ICIs 24.9 (15.7-NA)
1st-line ICIs 20.1 (10.5-NA)
Later-line ICIs 44.0 (7.2-NA)

Log-rank P = (.88

Log-rank P = 0.443

100 1001
807 30
s 60 :\; 60
2 2
B 401 S 407
‘—0—&
207 20
O L T T T T 0 L T T T T
0 20 40 60 0 20 40 60
Number at risk Months Number at risk Months
Ist-line Chemo-ICIs 40 7 0 0 1st-line Chemo-ICIs 40 12 1 0
1st-ling ICIs 56 13 3 1 Ist-line ICIs 56 20 6 1
Later-line ICIs 28 8 5 3 Later-line ICIs 28 13 8 4
irAEs  Median PFS, months (95% CI) irAEs  Median OS, months (95% CI)
— No irAEs 5.8 (4.2-11.7) ]P ~0.035 — No irAEs 16.8 (10.5-34.0) ] P=0.017
—— Grade 1-2 19.4 (12.0-NA) :l — 0.306 ] P=1.000 —— Grade1-2 NA (32.8-NA) ] P=0 190] P=1.000
— Grade 3-5 9.2 3.4-NA) P=0. = Grade 3-5 24.9 (5.7-NA) e
Log-rank P = 0.043 Log-rank P = 0.026
1001 100
80 801
£ 607 S 601
»n <
& 401 L 407
201 —_— 207
0 T T T T 0 T T T T
0 20 40 60 0 20 40 60
Number at risk Months Number at risk Months
No irAEs 54 10 3 1 No irAEs 54 16 6 1
Grade 1-2 40 15 3 2 Grade 1-2 40 22 7 3
C Grade 3-5 30 3 2 1 Grade 3-5 30 7 2 1

Figure 2. Kaplan-Meier estimates of PFS and OS according to the (A) programmed death-ligand 1 expression level, (B)
treatment, and the (C) severity of irAES. Chemo-ICl, immune checkpoint inhibitor with chemotherapy; Cl, confidence in-
terval; ICl, immune checkpoint inhibitor; irAE, immune-related adverse event; NA, not available; OS, overall survival; PD-L1,
programmed death-ligand 1; PFS, progression-free survival; TPS, tumor proportion score.
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Table 3. Univariate and Multivariate Analyses of Factors Associated With PFS and OS

Univariate Multivariate
Variables HR (95% CI) p HR (95% CI) p
PFS
Age (>75y vs. <75Y) 0.80 (0.43-1.48) 0.471 0.73 (0.38-1.41) 0.348
Sex (men vs. women) 0.78 (0.46-1.32) 0.356 0.68 (0.39-1.19) 0.177
Smoking history (ever vs. never smoker) 0.64 (0.36-1.15) 0.132
ECOG PS (0-1 vs. >2) 0.51 (0.27-0.95) 0.033 0.52 (0.26-1.04) 0.066
Diagnosis method (surgical vs. small biopsy) 1.18 (0.75-1.86) 0.476
Histologic subtypes (pleomorphic carcinoma vs. others) 0.91 (0.55-1.51) 0.726
Interstitial pneumonia at baseline (yes vs. no) 0.72 (0.23-2.30) 0.579
Brain metastases at baseline (yes vs. no) 1.36 (0.83-2.24) 0.222
Liver metastases at baseline (yes vs. no) 2.83 (1.43-5.60) 0.003 2.58 (1.27-5.27) 0.009
PD-L1 (<1% vs. >1%) 1.91 (0.77-4.76) 0.163 0.42 (0.16-1.05) 0.063
PD-L1 (<50% vs. >50%) 0.98 (0.59-1.63) 0.941
ICIs (with vs. without chemotherapy) 1.11 (0.69-1.79) 0.659
ICIs (mono- vs. dual therapy) 2.76 (0.68-11.2) 0.158
Treatment line (first- vs. later-line) 1.11 (0.65-1.93) 0.690
Any grade irAEs (yes vs. no) 0.62 (0.40-0.98) 0.042 0.57 (0.35-0.93) 0.025
Severe irAEs (yes vs. no) 1.15 (0.67-1.98) 0.611
0sS
Age (<75yvs. >75) 1.47 (0.81-2.69) 0.207 1.71 (0.89-3.26) 0.107
Sex (men vs. women) 1.06 (0.56-2.00) 0.864 0.84 (0.42-1.68) 0.627
Smoking history (ever vs. never smoker) 0.89 (0.44-1.80) 0.740
ECOG PS (0-1 vs. >2) 0.26 (0.14-0.46) <0.001 0.24 (0.12-0.46) <0.001
Diagnosis method (surgical vs. small biopsy) 1.19 (0.71-1.99) 0.500
Histologic subtypes (pleomorphic carcinoma vs. others) 0.95 (0.54-1.67) 0.865
Interstitial pneumonia (yes vs. no) 0.85 (0.26-2.72) 0.782
Brain metastases at baseline (yes vs. no) 1.62 (0.95-2.78) 0.079
Liver metastases at baseline (yes vs. no) 2.19 (1.03-4.64) 0.042 2.04 (0.94-4.41) 0.070
PD-L1 (<1% vs. >1%) 0.62 (0.23-1.73) 0.365 0.65 (0.23-1.84) 0.418
PD-L1 (<50% vs. >50%) 1.48 (0.86-2.54) 0.160
ICIs (with vs. without chemotherapy) 0.73 (0.41-1.31) 0.292
ICIs (mono- vs. dual therapy) 0.83 (0.30-2.29) 0.714
Treatment line (first- vs. later-line) 1.08 (0.59-1.98) 0.804
Any grade irAEs (yes vs. no) 0.58 (0.35-0.97) 0.038 0.53 (0.31-0.90) 0.020
Severe irAEs (yes vs. no) 1.23 (0.67-2.24) 0.504

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; ICl, immune checkpoint inhibitor; irAE, immune-
related adverse event; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival.

significantly correlated with longer PFS in patients with
PSC who received ICI monotherapy. Lee et al."® reported
that high PD-L1 expression (>50%) is significantly
associated with better OS in patients with pulmonary
pleomorphic carcinoma treated with ICI monotherapy.
Of note, patients who received ICI dual therapy were also
included in our study. Two phase 3 RCTs of ICI dual
therapy have revealed that PD-L1 expression is not
predictive of survival.'*'® Similarly, Kim et al.'® revealed
that tumor response is not significantly correlated with
PD-L1 expression in patients with PSC who received a
combination therapy of durvalumab and tremelimumab.
Nevertheless, in the present study, PD-L1 expression
was not associated with ORR, PFS, or OS, even after
excluding patients treated with ICI dual therapy. The
discrepancy may be attributed to intratumoral hetero-
geneity of PD-L1 expression,””*® various cutoff points

used to define positive PD-L1 expression, and the pres-
ence of multiple testing platforms using different scoring
systems.””° Several promising predictive biomarkers
for the efficacy of ICI-based therapy, such as tumor
mutational burden, tumor-infiltrating leukocytes, and
microsatellite instability, have been reported to be high
in PSC.'%*"3% The integration of biomarkers is eagerly
anticipated for effectively predicting responses to ICI-
based therapy in PSC.

In this study, the incidence of any-grade and grade 3
to 5 irAEs was 56.5% and 24.2%, respectively. Although
limited data have been reported to date on the incidence
of irAEs in PSC, these proportions seem to be higher than
those reported in a meta-analysis of phase 3 RCTs
assessing ICls for lung cancer, which revealed that any-
grade irAEs occurred in 37.1% of patients and those of
grade greater than or equal to 3 occurred in 18.5%.%
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This may be due to the high expression of PD-L1, which
is reportedly associated with a higher incidence of
irAEs.***> Nevertheless, the frequency of irAEs varies in
different trials because there are no clear diagnostic
criteria for irAEs. Zhao et al.*® reported that the inci-
dence of irAEs ranged from 17.8% to 67.0% in patients
with NSCLC treated with anti-PD-1 antibodies. More-
over, Fujimoto et al.®” revealed that the incidence and
severity of irAEs reported in real-world studies are
higher than those in clinical trials. Further studies are
needed to elucidate whether patients with PSC experi-
ence more frequent and severe irAEs.

We found that patients with mild irAEs had more
favorable outcomes than did those with severe or no
irAEs. Previous studies have revealed that the occur-
rence of irAEs is associated with better clinical outcomes
in patients with NSCLC treated with ICIs.***® Although
the mechanism of irAEs is thought to be mediated by
increased T-cell activity and the levels of autoantibodies
and inflammatory cytokines,”” the presence of severe
irAEs, compared with mild irAEs, was unfavorable for
patient survival in the present study. Similar results have
been reported in several studies. Socinski et al.*’ re-
ported that patients with grade 3 to 5 irAEs had shorter
OS than did those with grade 1 to 2 or no irAEs in pooled
analyses of the IMpowerl130, IMpowerl32, and
IMpower150 trials, which revealed the efficacy of ate-
zolizumab combined with platinum-based chemotherapy
as a first-line treatment for advanced NSCLC. Wang
et al.” revealed that mild irAEs led to a better prognosis
in patients with advanced NSCLC receiving ICI mono-
therapy, whereas poorer clinical outcomes were associ-
ated with severe irAEs. Severe irAEs require systemic
steroid therapy and might result in life-threatening
conditions. Therefore, early detection and management
of irAEs may be important to maximize the therapeutic
benefit of ICI-based treatment in PSC.

In our study, multivariate analysis revealed that irAEs
and liver metastases were independently associated
with PFS, whereas irAEs and ECOG PS were associated
with OS. Previous reports have revealed that the ECOG
PS is an independent prognostic factor for the survival of
patients with NSCLC treated with ICI monotherapy.®”*
The landmark PFS and OS rates in patients with NSCLC
who received first-line immunotherapy are reportedly
approximately twice as high in patients with a good PS
than in those with a poor PS.** Ikeda et al.** suggested
that the presence of cancer cachexia plays a key role in
the response to ICIs in patients with NSCLC and a poor
PS. Nevertheless, the relationship between liver metas-
tases and treatment outcomes with ICl-based therapy
remains controversial. Although many studies have
identified liver metastases as a negative predictive factor
for patients with NSCLC treated with ICI

JTO Clinical and Research Reports Vol. 5 No. 1

monotherapy,”™*® a recent meta-analysis of RCTs

including ICIs alone or in combination with chemo-
therapy revealed that the presence of liver metastases
was not significantly associated with the efficacy of ICI-
based therapy.”” Tumeh et al.*® revealed that the pres-
ence of liver metastases is associated with reduced
marginal CD8" T-cell infiltration in melanoma. Similarly,
Qiao et al.*” revealed that patients with liver metastases
from NSCLC tended to have lower PD-L1" CD8" T-cell
infiltration than did those without. These results suggest
that patients with liver metastases have an immunolog-
ically “cold” tumor microenvironment, which may
attenuate the efficacy of ICIs. Qiao et al.*’ also reported
that ICI-based combination therapy had better treatment
outcomes than those of ICI monotherapy in patients with
liver metastases. A network meta-analysis of ICI-based
therapy for NSCLC indicated that pembrolizumab plus
chemotherapy and atezolizumab plus bevacizumab plus
chemotherapy were superior to other treatments in
terms of PFS and OS in patients with liver metastases.”’
Elucidating the detailed mechanism by which a poor PS
or the presence of liver metastases attenuates the effect
of ICIs on PSC will help in selecting optimal therapeutic
strategies.

Our study had some limitations. First, our study was
limited by its retrospective nature. Second, the chemo-
therapy regimens used in this study were heteroge-
neous. Third, although diagnosing PSC using small
biopsy samples is difficult owing to their heterogeneity,
we included such samples in this study to evaluate the
effectiveness and safety of ICl-based therapy in the real-
world setting. Our data revealed that the diagnostic
method used did not significantly affect PFS or OS.
Therefore, the diagnosis of PSC by small biopsy might be
considered acceptable if samples that fulfill the diag-
nostic criteria are obtained.

In conclusion, our study revealed that ICI-based
therapy has promising effectiveness in patients with
advanced or metastatic PSC, regardless of PD-L1
expression, concomitant chemotherapy, or the treat-
ment line.
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