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Pulmonary sarcomatoid carcinoma (PSC) is an aggressive and poorly differentiated type of non-small cell lung carci-
noma. Because of the rarity of PSC, the efficacy and toxicity of immunotherapy remain unclear. Hence, the aim of this study 
was to evaluate the efficacy and safety of immune checkpoint inhibitors (ICIs) for the treatment of advanced PSC. The study 
cohort was limited to 33 patients with pathologically confirmed PSC treated with ICIs in four hospitals in China from March 
2018 to March 2022. Expression of programmed death ligand 1 (PD-L1) was detected by immunohistochemical analysis. 
Categorical variables were compared with the Fisher exact test and survival analysis was conducted with the Kaplan-Meier 
method. Of the 33 PSC patients, 8 (24.2%) received monotherapy with ICIs and 25 (75.8%) received combination therapy 
with ICIs. The objective response rate (ORR) and disease control rate (DCR) were 36.4% and 78.8%, respectively. The 
median durations of progression-free survival (PFS) and overall survival (OS) were 6.07 and 21.33 months, respectively. 
PD-L1 status in 16 available samples was assessed, which included 30.3% PD-L1-positive patients. The ORRs for PD-L1-
positive vs. -negative patients were 50.0% and 90.0%, the DCR was 33.3% and 83.3%, and the median PFS was 17.50 and 
6.07 months, respectively (p=0.812). The median OS was not reached in PD-L1-positive and -negative patients (p=0.655). 
The incidence of immune-related adverse (irAEs) was 48.5% and mainly included grade 1 or 2 (39.4%), while the incidence 
of grade 3 or 4 was 9.1%. Pneumonia (9.1%) and skin rash (9.1%) were the most frequent irAEs. Immunotherapy with ICIs 
was a promising regimen to improve the prognosis of patients with advanced PSC.
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Pulmonary sarcomatoid carcinoma (PSC) is an aggres-
sive and poorly differentiated type of non-small cell lung 
carcinoma (NSCLC), accounting for less than 1% of all lung 
cancers [1]. PSC is classified into three subtypes based on 
the 2021 World Health Organization classification of lung 
tumors: carcinosarcoma, pulmonary blastoma, and pleomor-
phic carcinoma, which includes giant cell carcinoma and 
spindle cell carcinoma [2, 3]. Because PSC is not sensitive 
to traditional radiotherapy or chemotherapy, the prognosis 
remains relatively poor [4–6]. Hence, it is necessary to 

develop more effective therapeutic regimens for the treat-
ment of PSC.

The use of immune checkpoint inhibitors (ICIs) has 
recently changed the therapeutic paradigms for patients 
with various types of cancer. Along with advances in cancer 
immunotherapy, ICIs targeting programmed death 1 (PD-1) 
and PD-ligand 1 (PD-L1) have become promising alterna-
tives for the treatment of various malignant tumors and 
rapidly changed standard regimens for NSCLC patients. 
Monotherapy with a PD-1 inhibitor or in combination with 
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platinum-based regimens has been established as a first-line 
standard treatment for NSCLC [7, 8]. Several investigators 
have reported relatively high expression of PD-L1 in about 
90% of PSC patients [9, 10]. ICIs are reported to invoke high 
response rates and prolong the overall survival (OS) of PSC 
patients [4, 11]. However, because of the rarity of PSC, the 
efficacy and safety of ICIs remain unclear.

Therefore, the aim of this multicenter retrospective study 
was to assess the efficacy and safety of ICIs in order to provide 
recommendations for the treatment of advanced PSC.

Patients and methods

Study design. The medical records of 33 patients with 
stage IIIC or IV PSC treated with ICIs at Zhejiang Cancer 
Hospital (Hangzhou, China) and three other centers between 
March 2018 and March 2022 were retrospectively reviewed. 
PSC was confirmed by pathological and immunohistochem-
ical (IHC) analyses in accordance with the 2021 World Health 
Organization classification of lung tumors [3]. IHC analysis 
of PD-L1 in formalin-fixed paraffin-embedded tissues was 
performed using the 22C3 pharmDx companion diagnostic 
assay (Agilent Technologies, Santa Clara, CA, USA). A tumor 
proportion score (i.e., percentage of positive tumor cells) of 
≥ 1% was considered positive. Next-generation sequencing 
(NGS) was performed to detect genetic mutations. The study 
protocol was approved by the Institutional Ethics Committee 
of each participating center and conducted in accordance 
with the ethical principles for medical research involving 
human subjects defined in the Declaration of Helsinki (as 
revised in 2013). Due to the retrospective nature of this study, 
patient consent was waived.

Assessment of treatment response. All data were 
extracted from patient medical records. The ICI regimens 
and dosages complied with the guidelines of the National 
Comprehensive Cancer Network. Treatment was discon-
tinued due to disease progression or unacceptable toxicity. 
Clinical efficacy was assessed every two cycles or upon signif-
icant disease progression. Tumor responses were evaluated 
in accordance with the Response Evaluation Criteria in Solid 
Tumors (version 1.1). Objective tumor responses included 
complete response (CR), partial response (PR), stable disease 
(SD), and progressive disease (PD). The objective response 
rate (ORR) was defined as the sum of CR and PR, while the 
disease control rate (DCR) was defined as the sum of the 
objective responses and stabilization rates (CR+PR+SD).

Tumor response, progression-free survival (PFS), and OS 
were evaluated for all patients. OS was defined as the time 
from the date of confirmation of advanced PSC to death or 
the last follow-up. PFS was defined as the time from the first 
day of immunotherapy to documented disease progression 
or death from any cause or until the date of the last follow-up 
visit for surviving patients with no disease progression. The 
follow-up rate was 100%. The median follow-up duration 
was 19.87 (range, 19.63–20.12) months.

Evaluation of adverse reactions. Toxicity was evaluated 
in accordance with the Common Terminology Criteria for 
Adverse Events (version 5.0). Immune-related adverse events 
(irAEs), which were defined as adverse events with a poten-
tial immunological basis that medical oncologists could 
recognize objectively, were assigned a score ranging from 1 
to 5 by two or more independent medical professionals.

Statistical analysis. Statistical analyses were conducted 
using IBM SPSS Statistics for Windows, version 25.0. (IBM 
Corporation, Armonk, NY, USA). Categorical variables 
were compared using the Fisher exact test. PFS and OS were 
estimated with the Kaplan-Meier method and analyzed using 
the log-rank test. A two-sided probability (p) value of <0.05 
was considered statistically significant.

Results

Clinical characteristics. The study cohort consisted of 33 
patients with advanced PSC who received treatment from 
March 2018 to March 2022. The baseline characteristics of 
all PSC patients are summarized in Table 1. The median 
patient age was 61 (range, 15–85) years and 18.2% (6/33) 
were females. Most patients were smokers (66.7%, 22/33) and 
median tobacco consumption was 35 (range, 0–110) pack-
years. The Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) was 2 or 3 for 5 (15.2%) patients and 
0 or 1 for the other 28 (84.8%). NGS of 25 (75.8%) patients 
revealed KRAS (Kirsten rat sarcoma virus) mutations in 5 
(15.2%) patients, EGFR (epidermal growth factor receptor) 
mutations in 2 (6.1%), and MET (hepatocyte growth factor 
receptor) mutations in 2 (6.1%).

Immunotherapy characteristics are summarized in 
Table 2. More than half of the patients (57.6%, 19/33) received 
first-line immunotherapy, while eight (24.2%) received 
monotherapy with ICIs and 25 (75.8%) received combina-
tion therapy with ICIs. PD-L1 expression was detected in 
16 (48.5%) patients, including 10 (30.3%) who were PD-L1 
positive. Disease status was PR for 12 (36.4%) patients, SD 
for 14 (42.2%), and PD for 7 (21.2%). In addition, immuno-
therapy was continued for 12 patients (36.4%). All patients 
received immunotherapy with PD-1 inhibitors.

Response and survival analyses. Treatment of all 33 
patients with ICIs resulted in an ORR of 36.4% (12/33) and a 
DCR of 78.8% (26/33). The median PFS was 6.07 (95% confi-
dence interval [CI], 2.59–17.41) months with a 1-year PFS 
rate of 24.2% (8/33) and the median OS was 21.33 (95% CI, 
10.43–32.23) months with a 1-year OS rate of 63.6% (21/33). 
A swimmer plot of the treatment outcomes of patients 
receiving ICIs is shown in Figure 1.

According to the type of immunotherapy, the patients 
were divided into two groups: a first-line treatment group 
and a second or more-line treatment group. Of 19 (57.6%) 
patients in the first-line treatment group, PR was achieved in 
8 (42.1%) and SD in 7 (36.8%). Notably, no patient achieved 
a CR. The ORR of ICIs as a first-line treatment was higher 
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than that of a second or more-line treatment (42.1% [8/19] 
vs. 28.6% [4/14], respectively), although this difference was 
not statistically significant (p=0.665). There was no signifi-
cant difference in the DCR between the first- and second 
or more-line treatment groups (78.9% [15/19] vs. 78.6% 
[11/14], respectively, p=1.000). The median PFS and OS 
of PSC patients receiving first-line immunotherapy were 

11.80 (95% CI, 3.44–20.16) and 21.33 (95% CI, 10.41–32.25) 
months, respectively. The median PFS and OS of PSC 
patients receiving second or more-line immunotherapy were 
3.40 (95% CI, 0.34–6.46) months and not reached, respec-
tively. There was no significant difference in PFS (p=0.998, 
Figure 2A) and OS (p=0.819, Figure 2B) between the treat-
ment groups.

All patients were further subdivided into a monotherapy 
group or combination therapy group based on the use of 
ICIs. In the combination therapy group, patients received 
ICIs in combination with chemotherapy or targeted therapy. 
There was no significant difference in the ORR between the 
monotherapy and combination therapy groups (37.5% [3/8] 
vs. 36.0% [9/25], respectively, p=1.000) or in the DCR (75.0% 
[6/8] vs. 80.0% [20/25], respectively, p=1.000). The median 
PFS and OS of PSC patients were 6.00 (95% CI, 0.00–12.89) 
and 20.20 (95% CI, 14.73–25.67) months, respectively, in 
the monotherapy group, and 6.07 (95% CI, 3.04–9.10) and 
28.50 (95% CI, 13.16–43.84) months in the combination 
group. There were no significant differences in PFS (p=0.499, 
Figure 2C) and OS (p=0.724, Figure 2D) between the treat-
ment groups.

PD-L1 expression and efficacy analysis. PD-L1 status 
was assessed for 16 (48.5%) available patient samples, which 
included 10 (30.3%) PD-L1-positive patients. The ORR and 

Table 1. Baseline characteristics of patients with PSC.

Characteristics
PSC (n=33)

n %
Sex

Male 27 81.8
Female 6 18.2

Age
Median age (years, range) 61 (15–85)
>65 11 33.3
≤65 22 66.7

Smoking history
Median tobacco consump-
tion (pack-years*, range) 35 (0–110)

Yes 22 66.7
No 11 33.3

ECOG PS
0–1 28 84.8
2–3 5 15.2

TNM staging
III 3 9.1
IV 30 90.0

Diagnosis method 
Surgery 8 24.2
Percutaneous lung biopsy 14 42.4
Bronchial biopsy 5 15.2
Unknown 6 18.2

Mutation status
EGFR mutation 2 6.1
KRAS mutation 5 15.2
MET mutation 2 6.1
Other mutations 10 30.3
Multiple mutations 4 12.1
No known mutations 9 27.3
Unknown 7 21.2

Extrathoracic metastases
Yes 26 78.8
No 7 21.2

Previous surgery
Yes 10 30.3
No 23 69.7

Radiotherapy
Yes 12 36.4
No 21 63.6

Note:*pack-years: an estimation of lifetime exposure to tobacco, which was 
the product of packs of cigarettes per day and years of smoking
Abbreviation: ECOG PS-Eastern Cooperative Oncology Group Perfor-
mance status

Table 2. Baseline characteristics of ICIs for treatment of PSC.

Characteristics
PSC (n=33)

n %
Line of ICIs treatment

First 19 57.6
Second or more 14 42.4

ICIs regimens
Monotherapy 8 24.2
Combination treatment 25 75.8

PD-L1 status
Positive 10 30.3
Negative 6 18.2
Unknown 17 51.5

Best response under ICIs treatment
Partial response 12 36.4
Stable disease 14 42.4
Progressive disease 7 21.2

Reason for ICIs discontinuation
Progression 16 48.5
Toxicity 2 6.1
Death 3 9.1
Ongoing 12 36.4

Median PFS (months, 95% CI) 6.07 (2.59–17.41)
1-year PFS rate 24.2% (8/33)
Median OS (months, 95% CI) 21.33 (10.43–32.23)
1-year OS rate 63.6% (21/33)

Abbreviations: ICIs-immune checkpoint inhibitors; OS-overall survival; 
PFS-progression-free survival
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for 2 (6.1%) due to cardiovascular toxicity (one case each of 
abnormal echocardiography and acute heart failure resulting 
in death). There was no significant difference in the incidence 
of irAEs between the monotherapy and combination groups 
(50.0% [4/8] vs. 48% [12/25], respectively, p=1.000).

Discussion

The results of this study demonstrated that PSC patients 
could benefit from immunotherapy. For the entire cohort, 
the ORR and DCR were 36.4% and 78.8%, respectively, and 
the median PFS and OS were 6.07 and 21.33 months. These 
results appeared to be superior to those previously observed 
for PSC patients receiving chemotherapy [12, 13]. Thus, 
immunotherapy was a promising strategy to improve the 
prognosis of PSC patients.

In a previous study of 37 PSC patients, the ORR to ICIs was 
relatively high at 40.5% and the median OS was 12.7 (95% CI, 

DCR were, respectively, 50.0% (5/10) and 90.0% (9/10) for 
the PD-L1-positive patients and 33.3% (2/6) and 83.3% (5/6) 
for the PD-L1-negative patients (Supplementary Figure S1). 
There was no significant difference in ORR (p=0.896) and 
DCR (p=1.000) between the PD-L1-positive and -negative 
patients. Although the median PFS was longer for PD-L1-
positive than -negative patients (17.50 [95% CI, 0.00–38.25] 
vs. 6.07 [95% CI, 5.78–6.36] months, respectively), this 
difference was not statistically significant (p=0.812; Figure 
3A). The median OS of the PD-L1-positive and -negative 
patients was not reached (p=0.655; Figure 3B).

Toxicity. The observed irAEs of any grade of all 33 PSC 
patients are summarized in Table 3. The incidence of irAEs 
was 45.5% (n = 15/33) and mainly included grade 1 or 2 
(39.4%,13/33), while the incidence of grade 3 or 4 was 9.1% 
(3/33). The most frequently observed irAEs were pneumonia 
(9.1%, 3/33) and skin rash (9.1%, 3/33). Treatment with ICIs 
was discontinued for 2 (6.1%) patients due to pneumonia and 

Figure 1. A swimmer plot of treatment outcomes of patients receiving ICIs.
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0.3–45.7) months, regardless of the PD-L1 status [4]. Lee et 
al. [9] reported an ORR of 49.0%, median PFS of 7.2 months, 
and median OS of 22.2 months in 49 patients with pulmo-
nary pleomorphic carcinoma treated with ICIs. In addition, 
a retrospective review reported similarly good efficacy of 
PD-1/PD-L1 inhibitors in four (80%) of five patients with 
advanced PSC, as one achieved a CR and the OS ranged 
between 14 and 33 months [14]. Hayashi et al. [15] reported 
similar outcomes for three patients with pleomorphic carci-
noma of the lung treated with ICIs. Studies of immuno-
therapy for PSC conducted over the last 2 years are listed 
in Supplementary Table S1. The results of the present study 
showed that the number of lines of immunotherapy and the 
use of monotherapy vs. combination therapy had little effect 
on the treatment efficacy.

PD-L1 expression is reportedly higher in PSC than in 
other NSCLCs [10]. A study by Domblides et al. [4] reported 
that median PD-L1 expression was 70% (range, 0–100) and 
the ORR was 58.8% with 0% in both PD-L1-positive and 
-negative patients (p=0.44) [4]. A study by Lee et al. [9] found 
that high vs. low/negative/unknown expression of PD-L1 
was associated with a longer median PFS (7.2 vs. 1.5 months, 
respectively, p=0.16) and median OS (22.2 vs. 3.5 months, 
respectively, p=0.001), thereby confirming an association 
between positive PD-L1 expression and longer survival 
after initiation of therapy with ICIs. Similarly, the results of 
the present study showed that PD-L1 expression tends to 
increase in reactive diseases. In this study, PD-L1 status was 
assessed in 16 available samples with 30.3% PD-L1-positive 
patients. The results showed that PD-L1 expression had little 

Figure 2. Kaplan-Meier curves of PFS and OS according to the treatment regimen. A) PFS of patients receiving ICIs as a first- vs. second or more-line 
treatment. B) OS of patients receiving ICIs as a first- vs. second or more-line treatment. C) PFS of patients treated with ICIs as monotherapy vs. com-
bination therapy. D) OS of patients treated with ICIs as monotherapy vs. combination therapy.
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effect on treatment efficacy. Between the PD-L1-positive and 
-negative patients, there was no significant difference in ORR 
(50% vs. 33.3%, respectively, p=0.896) or DCR (90.0% vs. 
83.3%, respectively, p=1.000). The median PFS of the PD-L1-
positive and -negative patients was 17.50 and 6.07 months 
(p=0.812), respectively, while the median OS was not reached 
in either group (p=0.655).

In a previous case report, a patient with pulmonary 
pleomorphic carcinoma developed necrosis of the lower 
extremities following treatment with second-line nivolumab 
[16]. Tozuka et al. [17] reported agranulocytosis, interstitial 
lung disease, and ocular myasthenia gravis in patients with 
pulmonary pleomorphic carcinoma after treatment with 
pembrolizumab. In the present study, irAEs occurred in 
patients receiving immunotherapy for PSC. However, there 
have been relatively few reports of irAEs in PSC patients 

treated with immunotherapy. In the present study, the 
incidence of irAEs was 48.5% (16/33), the most common were 
pneumonia (9.1%, 3/33) and skin rash (9.1%, 3/33). Three 
patients developed pneumonia, which was the main reason 
for drug withdrawal. Two patients developed cardiovascular 
toxicity, including one with acute heart failure resulting in 
death. Notably, the use of combination therapy did not 
increase the incidence of irAEs. Hence, careful monitoring 
throughout the treatment period is especially important for 
the detection and management of irAEs.

There were several limitations to the present study that 
should be addressed. First, the study cohort was relatively 
small because of the rarity of PSC. Second, this was a retro-
spective study and, thus, subject to inherent biases of patient 
selection and variations in the quality of recorded data. 
However, as none of the cases were retrieved from prospec-
tive clinical studies, the results of this retrospective study 
should be considered meaningful.

In conclusion, the antitumor activity of ICIs in PSC 
patients is promising. Lines of immunotherapy and the use 
of monotherapy vs. combination therapy had little effect on 
the efficacy of immunotherapy. However, further studies 
are needed to assess the relevance of PD-L1 expression for 
PSC patients receiving ICIs. Hence, future studies, especially 
prospective studies, are warranted to evaluate the efficacy 
and safety of ICIs for the treatment of PSC.

Supplementary information is available in the online version 
of the paper.

Figure 3. Kaplan-Meier curves of PFS and OS according to the expression of PD-L1. A) PFS of PD-L1-positive vs. -negative patients B) OS of PD-L1-
positive vs. -negative patients.

Table 3. Immune-related adverse events of PCS patients.
Immune-related 
adverse events Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Pneumonia 0 1 2 0 0
Skin rash 2 1 0 0 0
Cardiovascular toxicity 0 1 0 1
Elevated LFTs 0 1 0 0 0
Fatigue 0 1 0 0 0
Edema 0 1 0 0 0
Arthralgia 0 1 0 0 0
PCCEP 1 0 0 0 0
Thrombocytopenia 1 0 0 0 0
Hypoadrenia 1 0 0 0 0
Fever 1 0 0 0 0

Abbreviation: RCCEP-reactive cutaneous capillary endothelial proliferation
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Supplementary Table S1. Articles published about immunotherapy in PSC.

First author Year Number
Sex

(M/F)
Pathological

diagnosis
Line

(1/2/≥3)
Regimen

CR/PR/SD
PD/UK

Median 
PFS

(months)

Median 
OS

(months)

PD-L1 
expression
(positive/
negative/

unknown)
Sako [18] 2022 1 1/0 PPC 0/1/0 Pembrolizumab [1]; 0/1/0/0/0 24+ UK 1/0/0
Xu [19] 2022 1 0/1 PSC 0/1/0 Tislelizumab [1] 0/1/0/0/0 11+ UK 1/0/0

Jiao [20] 2021 1 1/0 PSC 0/1/0

Toripalimab→Toripalimab + 
Anlotinib→Toripalimab + An-
lotinib + Thoracic radiotherapy 
[1]

0/1/0/0/0 UK UK 1/0/0

Taniguchi [21] 2021 1 1/0 PSC 1/0/0
Pembrolizumab + Carbopla-
tin + Pemetrexed + left pelvis 
radiotherapy [1];

0/1/0/0/0 UK UK 1/0/0

Hayashi [15] 2021 3 3/0 PPC 2/1/0
Pembrolizumab [2]; Pem-
brolizumab + Carboplatin + 
Nab-paclitaxel [1];

0/2/0/1/0 4,7+,12+ UK 3/0/0

Yamasaki [22] 2021 1 1/0 PPC 1/0/0 Pembrolizumab [1]; 0/1/0/0/0 8 UK 1/0/0

Harada [23] 2021 1 1/0 PPC 1/0/0

Atezolizumab + Carboplatin + 
Nab-paclitaxel + mediastinal 
lesion radiotherapy + argon 
plasma coagulation [1]

1/0/0/0/0 12+ UK 1/0/0

Luo [24] 2021 2 1/1 PPC 2/0/0 Camrelizumab + Anlotinib [2] 0/2/0/0/0 10,8 UK 2/0/0

Kong [25] 2020 1 0/1 PSC 1/0/0 Camrelizumab + Doxorubicin 
+ Cisplatin [1] 0/1/0/0/0 20+ UK 1/0/0

Domblides [4] 2020 37 27/10 PSC 0/20/17 Nivolumab [32]; Pembrolizum-
ab [3]; Atezolizumab [2] 0/15/9/12/1 4.89  

[0.3–35.7]
12.7 

[0.3–45.7] 18/1/9

Okauchi[26] 2020 1 1/0 PPC 1/0/0 Pembrolizumab + Carboplatin 
+ Paclitaxel [1]; 0/1/0/0/0 UK UK 1/0/0

Nishino [27] 2020 1 1/0 PSC 1/1/0 Pembrolizumab after Dur-
valumab resistance [1] 1/0/0/0/0 7+ UK 1/0/0

Yorozuya [28] 2020 1 1/0 PPC 0/1/0 Durvalumab 0/0/0/0/1 12 UK 1/0/0

Babacan [29] 2020 5 2/3 PSC 2/3/0 Nivolumab [1]; Pembrolizumab 
[4] 0/2/1/2/0 3-25+ UK 4/0/1

Lee [9] 2020 49 36/13 PPC 2/38/3 Pembrolizumab [40]; Niv-
olumab [7]; Atezolizumab [2] 0/24/14/11/0 7.2  

(4.9–9.5)
22.2 

(7.0–37.3) 45/2/2

Chen [30] 2020 1 1/0 PPC 0/1/0 Camrelizumab [1] 0/1/0/0/0 4+ UK 1/0/0
Chen [31] 2020 1 1/0 PSC 0/0/1 Pembrolizumab [1]; 0/1/0/0/0 8 9 1/0/0
Cimpeanu [32] 2020 1 1/0 PSC 1/0/0 Pembrolizumab [1]; 0/1/0/0/0 14+ UK 1/0/0

Abbreviations: M-male; F-female; CR-complete response; PR-partial response; SD-stable disease; PD-progressive disease; PFS-progression-free survival; 
OS-overall survival; UK-unknow
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Supplementary Figure S1. PDL expression analysis. Abbreviations: PD-
partial response, SD-stable disease, PD-progresive disease


