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Background: To evaluate the organ-specific therapeutic effect of pembrolizumab after the 
failure of platinum-based chemotherapy for advanced urothelial carcinoma (UC).
Materials and Methods: Patients with advanced UC who received pembrolizumab after 
the failure of platinum-based chemotherapy and who had measurable disease were retro-
spectively analyzed. The objective response rate (ORR) and organ-specific response rate 
(OSRR) were evaluated according to Response Evaluation Criteria in Solid Tumors, version 
1.1.
Results: We analyzed 69 patients (male, n=51; median age, 71 years) with 226 metastases. 
The ORR was 23.2%. In total, 32, 31, 16, 14, 13 and 7 patients had measurable lung (OSSR 
31.3%), lymph node (OSSR 29.0%), local recurrence (OSSR 12.5%), primary tumor organ 
(OSSR 7.1%), liver (OSSR 23.1%) and bone (OSSR 28.6%) disease, respectively. The 
median overall survival (OS) for pembrolizumab was 10.9 months (95% confidence interval, 
5.9-13.7 months). Regarding organ-specific OS, a Log rank test significant differences in OS 
were confirmed between patients with and without primary tumor organ disease (p=0.046) 
and liver metastasis (p<0.001).
Conclusion: Metastases and primary tumor organ disease showed different tumor responses 
to pembrolizumab. The most prominent tumor response was found in lung metastasis and the 
least response was found in primary organ sites. The mechanisms of these different responses 
were unclear and there does not appear to be a constant trend between tumor shrinkage and 
OS in tumor sites. Further studies are needed.
Keywords: urothelial carcinoma, platinum-based chemotherapy, pembrolizumab, organ- 
specific response rate, tumor microenvironment

Introduction
Advanced urothelial carcinoma (UC) is generally considered an incurable disease. 
Palliative systemic chemotherapy is the standard of care and platinum-based com-
bination chemotherapy has long been used as a first-line treatment.1,2 Platinum- 
based chemotherapy temporarily provides relatively good objective response 
rates,1,3 but the duration of the response is short.4 Furthermore, second-line treat-
ment after the failure of platinum-based combination therapy has been of limited 
benefit.5,6

In recent years, immune checkpoint inhibitors (ICIs) against programmed death 
1 (PD-1) and PD-1 ligands (PD-L1 and PD-L2) have been studied as treatments for 
multiple malignancies, including advanced UC.7–9 At present in Japan, only 
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pembrolizumab (a highly selective, humanized monoclo-
nal IgG4κ isotype antibody against PD-1) has been 
approved for platinum-refractory advanced UC, based on 
the results of the KEYNOTE-045 trial.10,11 The overall 
survival (OS) was significantly improved in patients trea-
ted with pembrolizumab comparison to those treated with 
chemotherapy (10.3 vs 7.4 months, respectively; p=0.002), 
and the objective response rate (ORR) was significantly 
increased in patients treated with pembrolizumab in com-
parison to those treated with chemotherapy (21.1% vs 
11.4%, respectively; p=0.001). While ICIs significantly 
improve patient outcomes, the ORR is low, only 
a minority of patients show a drastic response and long- 
term benefits, and there are still no biomarkers that predict 
this clinical picture. In this trial, the PD-L1 status was also 
measured based on a “Combined Positive Score” (CPS), 
which was measured as the percentage of PD-L1-positive 
immune cells and tumor cells in comparison to the total 
number of viable tumor cells. However, the CPS was not 
associated with better OS, progression free survival (PFS), 
or ORR in the pembrolizumab arm.11

Recent studies have reported that in patients with non- 
small cell lung cancer, hepatocellular cancer and mela-
noma, the therapeutic effect of ICI treatment varies from 
organ to organ.12–14 Furthermore, metastases in different 
anatomical locations are also associated with the overall 
response and survival in melanoma patients who receive 
combination immunotherapy.14 However, this has not been 
reported in patients with UC who received ICIs.

In the present study, we retrospectively assessed the 
clinical outcomes of pembrolizumab in patients in whom 
platinum-based chemotherapy for advanced UC failed in 
order to clarify the organ-specific therapeutic effect of 
pembrolizumab, including how the location of the primary 
tumor and sites of metastasis influence OS and the disease 
control rate (DCR).

Materials and Methods
Patients Population
From January 2018 to October 2020, 81 consecutive 
patients received pembrolizumab for advanced UC after 
the failure of platinum-based chemotherapy at six institu-
tions. All patients were histopathologically diagnosed with 
UC and showed radiologically-confirmed disease progres-
sion after platinum-based chemotherapy.15 Only patients 
who had measurable disease and for whom subsequent 
imaging studies were available for the evaluation of the 

response were enrolled. Thus, 12 patients were excluded 
from this study. Clinical data were retrieved from the 
patients’ medical records. Pembrolizumab was adminis-
tered intravenously on day 1 at a dose of 200 mg, and 
the cycle was basically repeated every 21 days, and was 
continued until disease progression or until the occurrence 
of unacceptable adverse events. The present study protocol 
was approved by the ethics committee of each institution 
and complied with the 1964 Declaration of Helsinki and 
its later amendments.

Tumor Response Evaluation
Tumor measurements were generally performed by com-
puted tomography before and after every four to six cycles 
of pembrolizumab; however, evaluations were performed 
as needed when the clinical symptoms worsened.

All metastases that measured ≥5 mm in the long axis 
(lymph node [LN] metastases ≥10 mm in the short axis) on 
computed tomography were defined as measurable lesions 
and were measured before and during pembrolizumab 
treatment.12,16 The objective response rate (ORR) and 
disease control rate (DCR) were determined (based on 
Response Evaluation Criteria in Solid Tumors [RECIST], 
version 1.1) in up to five lesions in total and up to two 
lesions per organ for target lesions. Furthermore, for the 
organ-specific response rate (OSRR) and organ-specific 
disease control rate (OSDCR), the tumor burden was 
defined as the sum of the long axis for all non-LN metas-
tases or the short axis of all LN metastases that were 
measured and evaluated according to RECIST 1.1. For 
each metastatic organ, the best response was classified as 
a complete response (CR) (disappearance or reduction to 
<10 mm in the short axis for all LN metastases), a partial 
response (PR) (>30% reduction), stable disease (SD) 
(neither a CR, PR, nor progressive disease [PD]), or PD 
(>20% growth).12,16

Statistical Analyses
All statistical analyses were performed using the JMP® Pro, 
version 15.1.0 software package (SAS Institute, Inc., Cary, 
NC, USA). The ORR and OSRR were defined as the pro-
portion of patients who achieved a CR or PR with pembro-
lizumab based on the corresponding evaluation criteria. The 
DCR and OSDCR were defined as the proportion of patients 
who achieved a CR or PR or SD with pembrolizumab based 
on the corresponding evaluation criteria. OS was calculated 
from the day on which pembrolizumab was started until the 
date of the last follow-up examination or death from any 
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cause and was evaluated using the Kaplan–Meier method. 
The Log rank test was used to determine differences in OS 
in the presence or absence of disease in the primary tumor 
organ and metastatic sites. P values of <0.05 were consid-
ered to indicate statistical significance.

Results
Patient Characteristics
The clinical characteristics of the 69 (male, n=51; female, 
n=18; median age, 71 years; interquartile range (IQR), 57–87 
years) patients are listed in Table 1. The median follow-up 
period was 7.4 months. All patients received pembrolizumab 
for UC after the failure of platinum-based chemotherapy. 
According to the Eastern Cooperative Oncology Group 

Performance (ECOG PS), 44 (63.8%) and 25 (36.2%) 
patients had PS 0 and PS ≥1, respectively. Twenty-six 
patients had upper urinary tract UC (37.7%), 24 patients 
had bladder UC (34.8%), and 19 had both types of UC 
(27.5%). The number of treatments attempted before pem-
brolizumab was as follows: 1 treatment (n=49, 71.0%), 2 
treatments (n=11, 15.9%); and 3 treatments (n=9, 13.1%). In 
the majority of patients, a histological examination revealed 
pure UC (84.1%) and the time from the previous chemother-
apy was <3 months (77.9%). Before the start of treatment 
with pembrolizumab, metastatic target lesions were found at 
the following sites: lung (46.4%, n=32), lymph nodes 
(44.9%, n=31), local recurrence (23.2%, n=16), primary 
tumor organ (pelvis, ureter and bladder, 20.3%, n=14), liver 
(18.8%, n=13), bone (10.1%, n=7), subcutaneous (4.3%, 
n=3), muscle (2.9%, n=2), and others (4.3%, n=3).

The ORR/DCR and OSRR/OSDCR in 
Patients Treated with Pembrolizumab
The ORR and DCR in patients treated with pembrolizumab 
were 23.2% and 40.6%, respectively (CR: n=3, PR: n=13, 
SD: n=12, PD: n=41) (Table 2). The OSRR and OSDCR of 
pembrolizumab are shown in Table 3. Among the 69 patients, 
the metastatic target organs before the start of treatment with 
pembrolizumab were the lung (n=32 cases; number of tumor 
sites: 101, median size: 13 mm [IQR 5–24 mm]), lymph 
nodes (n=31; number of tumor sites: 50, median size: 
18 mm [IQR 15–22 mm]), local recurrence (n=16; number 
of tumor sites: 16, median size: 39 mm [IQR 21–64 mm]), 
primary tumor organ (pelvis, ureter and bladder) (n=14; 
number of tumor sites: 14, median size: 39 mm [IQR 
31–61 mm]), liver (n=13; number of tumor sites: 26, median 
size: 18 mm [IQR 13–33 mm]), and bone (n=7; number of 

Table 1 Patient Characteristics

Characteristics (n=69)

Age (years), median (IQR) 71 
(57–87)

Male sex, no. (%) 51 (73.9)

ECOG PS score, no. (%)
0 44 (63.8)

≥1 25 (36.2)

Primary tumor site, no. (%)

Upper urinary tract 26 (37.7)

Bladder 24 (34.8)
Upper urinary tract + bladder 19 (27.5)

Pure UC in histologic testing, no. (%) 58 (84.1)

Number of prior chemotherapy regimens before 

pembrolizumab, no. (%)

1 49 (71.0)
2 11 (15.9)

3 9 (13.1)

Hb <10g/dl, no. (%) 24 (34.8)

Time from previous chemotherapy < 3 months, no (%) 53 (77.9)

Disease site, no. (%)

Lung 32 (46.4)
Lymph node 31 (44.9)

Local recurrence 16 (23.2)

Primary tumor organ (pelvis, ureter and bladder) 14 (20.3)
Liver 13 (18.8)

Bone 7 (10.1)

Subcutaneous 3 (4.3)
Muscle 2 (2.9)

Others 3 (4.3)

Abbreviations: IQR, interquartile range; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; UC, urothelial carcinoma; Hb, hemoglobin.

Table 2 The Objective Response Rate and Disease Control 
Response Rate in Patients Treated with Pembrolizumab

Response (n=69) Number of Patients (%)

CR 3 (4.5)

PR 13 (18.8)

SD 12 (17.3))

PD 41 (59.4)

Overall response rate (CR+PR) 16 (23.2)

Disease control rate (CR+PR+SD) 28 (40.6)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease.
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tumor sites: 19, median size: 19 mm [IQR 13–27 mm]). The 
OSRR for each location was as follows: lung (31.3%), lymph 
nodes (29.0%), local recurrence (12.5%), primary tumor 
organ (7.1%), liver (23.1%) and), bone 28.6%). The 
OSDCR for each location was as follows: lung (46.8%), 
lymph nodes (64.5%), local recurrence 43.7%), primary 
tumor organ (78.6%), liver (30.8%), and bone (85.7%).

The OS and Organ-Specific OS in 
Patients Treated with Pembrolizumab
The OS in patients treated with pembrolizumab is shown in 
Figure 1. The median OS in patients treated with pembroli-
zumab was 10.9 months (95% confidence interval [CI], 

5.9-13.7 months), and the OS rate at 12 months was 41.4%. 
Regarding organ-specific OS, a Log rank test revealed no 
significant difference in OS between patients with and without 
lung metastasis (p=0.596), lymph node metastasis (p=0.207, 
local recurrence (p=0.280), or bone metastasis (p=0.616). 
However, a significant difference in OS was confirmed 
between patients with and without primary tumor organ dis-
ease (p=0.046) and liver metastasis (p<0.001) (Figure 2).

Discussion
We retrospectively analyzed the data of 69 patients with 
advanced UC who received an immune checkpoint inhibitor, 
pembrolizumab, after the failure of platinum-based che-
motherapy. To our knowledge, this is the first study to eval-
uate the organ-specific response to pembrolizumab in 
advanced UC, including how the primary location and the 
location of metastases influence OS. The present study found 
that the tumor responses to pembrolizumab differed accord-
ing to the primary and metastatic sites. Specifically, we found 
the most prominent tumor response in lung metastases and 
the least response in primary organ sites, and a significant 
difference in OS was confirmed between patients with and 
without primary organ sites and liver metastasis.

Recently, it has been reported that organ-specific tumor 
response to ICIs differs according to the location of metas-
tasis in some malignant tumors. For example, in non-small 
cell lung cancer, it was reported that treatment appears more 
active in lymph nodes in comparison to other organs, such as 

Table 3 The Organ-Specific Objective Response Rate and Organ-Specific Disease Control Response Rate in Patients Treated with 
Pembrolizumab

Disease Site Lung Lymph 
Node

Local 
Recurrence

Primary 
Organ

Liver Bone

Number of patients (%) 32 (46.4) 31 (44.9) 16 (23.2) 14 (20.3) 13 (18.8) 7 (10.1)

Number of tumor sites 101 50 16 14 26 19

Median tumor size, mm (IQR) 13 (5–24) 18 (15–22) 39 (21–64) 39 (31–61) 18 (13–33) 19 (13–27)

Organ-specific response rate (CR+PR), % 31.3 29.0 12.5 7.1 23.1 28.6

Organ-specific disease control rate (CR+PR 

+SD), %

46.8 64.5 43.7 78.6 30.8 85.7

CR, n (%) 5 (15.6) 3 (9.7) 1 (6.2) 0 2 (15.4) 1 (14.3)

PR, n (%) 5 (15.6) 6 (19.3) 1 (6.2) 1 (7.2) 1 (7.7) 1 (14.3)

SD, n (%) 5 (15.6) 11 (35.5) 5 (31.3) 10 (71.4) 1 (7.7) 4 (57.1)

PD, n (%) 17 (53.2) 11 (35.5) 9 (56.3) 3 (21.4) 9 (69.2) 1 (14.3)

Abbreviations: IQR, interquartile range; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Figure 1 Overall survival in patients treated with pembrolizumab.
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the liver, adrenal glands and bone.12 In hepatocellular carci-
noma, it was reported that hepatic tumors of hepatocellular 
carcinoma may be less responsive to ICIs than extrahepatic 
lesions, and lung metastases responded most favorably to 
ICIs.13 In melanoma, it was reported that soft-tissue and 
lung metastases had the highest lesional response rate, 
whereas liver metastases had the lowest lesional response 
rate.14 In urothelial cancer, the organ-specific tumor response 
to ICI has not been reported to differ according to the site of 
metastasis. The present study revealed that in patients with 
urothelial carcinoma, a more favorable response was 
observed in patients with lung, lymph node, bone, and liver 
metastases (31.3%, 29.0%, 28.6% and 23.1%, respectively), 
while patients with primary organ disease and local recur-
rence showed a less favorable response (7.1% and 12.5%, 
respectively) with the ORR (23.2%) taken into account. In 
other words, it was shown that a so-called mixed response 
could be confirmed in patients who received ICI treatment 
for urothelial cancer. There may be occasional cases invol-
ving such mixed responses to chemotherapy for advanced 
UC that have not been reported. We have also experienced 
difficulty in judging the therapeutic effect in the same course. 
Mixed responses have already been reported in patients with 
other solid tumors who received chemotherapy or targeted 
therapy,17–19 and these mixed reactions may be due to the 
heterogeneous clonality of tumor cells.20,21 For example, in 
melanoma, a study of 140 patients with 833 melanoma 
metastases revealed that there was significant interpatient 

and intrapatient heterogeneity in the response and progres-
sion in patients who received combination immunotherapy, 
which likely reflects underlying molecular heterogeneity.14 

In a study that included 16 untreated colorectal cancer 
patients, significant levels of intermetastatic and intrameta-
static heterogeneity in allelic losses, mRNA levels expres-
sion and in vitro response to chemotherapy have been 
demonstrated by testing the heterogeneity between several 
samples of the same metastatic liver lesion or between multi-
ple metastatic liver lesions in a single patient.20 Therefore, it 
could be considered that in addition to the heterogeneous 
tumor colonies that are seen in different organs, there may be 
heterogeneous tumor colonies within the same organ; this 
remains true in urothelial carcinoma.

In recent studies, conventional chemotherapy was shown 
to have direct cytotoxic effects on tumor cells, but to also 
promote antitumoral immune responses.22 Chemotherapy can 
enhance the antigen presenting ability of human B cells.23 

Furthermore, chemotherapy may induce direct immunoregu-
latory properties by promoting dendritic cell (DC) maturation 
and by enhancing T cell activation by DCs.24,25 Chemotherapy 
can also potentiate antigen-specific T cell responses, by dimin-
ishing the influence of immunosuppressive cells, such as reg-
ulatory T cells.22 On the other hand, ICIs induce antitumor 
effects by reactivating exhausted T cells and activating anti-
tumor immunity. Therefore, differences in the tumor micro-
environment of different organs may affect the therapeutic 
effect of ICIs. It is theoretically reasonable that the results of 

Figure 2 Organ-specific overall survival in patients treated with pembrolizumab. *P values are reported.
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different therapeutic effects with ICIs were obtained for each 
organ and that mixed responses would be even more pro-
nounced in patients treated with ICIs than in those treated 
with chemotherapy. Conventional criteria, such as RECIST, 
were developed based on the data from clinical trials of cyto-
toxic chemotherapy agents for advanced malignancies.26 

However, in the era of ICI treatment, it is unclear how much 
the change in the tumor burden affects OS. The present study 
also compared OS between groups with and without disease at 
the primary tumor sites and metastasis at different organs. The 
present target organs were the lung, lymph nodes, local recur-
rence, primary organ sites (pelvis, ureter and bladder), liver and 
bone, and a Log rank test revealed a significant difference in 
OS between patients with and without primary organ disease 
and liver metastasis (p=0.046 and p<0.001, respectively). 
Interestingly, however, liver metastasis was associated with 
a more favorable response (23.1%), while primary organs 
disease was associated with a less favorable response (7.1%), 
in terms of ORR. The assessment of the change in the tumor 
burden is an important feature in the clinical evaluation of 
cancer therapeutics. However, RECIST 1.1 does not take into 
account potentially different treatment activity across different 
organ sites; thus, conventional measures may not fully char-
acterize the impact of ICIs. For example, the study of patients 
with advanced renal cell carcinoma who received nivolumab 
plus ipilimumab showed that a tumor burden reduction of 
>50% may be a useful indicator of the potential for long-term 
survival in patients treated with nivolumab and ipilimumab, 
while patients with advanced renal cell carcinoma who 
received nivolumab plus ipilimumab and who had a 50–75% 
reduction in tumor burden had a similar overall survival to 
those with a >75% reduction in the randomized, open-label, 
Phase 3 CheckMate 214 trial.27 It was also reported that studies 
focusing on other cancers, such as melanoma, have shown 
similar findings, supporting the hypothesis that a durable ben-
efit is not confined to patients with a RECIST-defined complete 
response.28 These previous results indicate that responses 
according to the RECIST version 1.1 guidelines might not 
capture the spectrum of clinical outcomes, and may also sup-
port the results of the present study.

According to prognostic factors in patients with advanced 
transitional cell carcinoma of the urothelial tract who experi-
enced treatment failure with platinum-containing regimens, 4 
adverse risk factors (PS, hemoglobin level, liver metastasis and 
time from prior chemotherapy) have been reported,29,30 and 
these 4 risk factors were stratified, even in the phase 3 
KEYNOTE-045 trial, in which pembrolizumab was associated 
with significantly longer overall survival and a lower rate of 

treatment-related adverse events in comparison to chemother-
apy as a second-line therapy for platinum-refractory advanced 
UC.11 In this trial, according to the relationship between the 
metastatic organs and OS, the presence or absence of visceral 
(including liver, lung, bone, and any non-lymph node or soft 
tissue) metastasis, lymph node metastasis, bone metastasis, and 
liver metastasis were also analyzed, and it was reported that 
only liver metastasis was an independent prognostic factor.29 

The liver is reported to have an immunologically unique 
microenvironment and to have developed a variety of mechan-
isms for inducing and maintaining immunological tolerance 
because it is constantly exposed to various antigens, such as 
microbial products from intestinal bacteria.31,32 In patients 
with advanced hepatocellular carcinoma, it was reported that 
the corresponding OSSR for hepatic tumors and lung, lymph 
node, and other intra-abdominal metastases were 22.4%, 
41.2%, 26.3%, and 38.9%, respectively, and the hepatic tumors 
of HCC may be less responsive to ICIs than extrahepatic 
lesions.13 In patients with non-small cell lung cancer, it was 
reported that the OSRR and OSDCR were 28% and 90%, 
respectively, in lymph node metastasis, 8% and 54 in liver 
metastasis, and 9% and 55% in lung metastasis, the cumulative 
incidence probability of organ-specific progression at 6 months 
was 14% in lymph node metastasis, 42% in liver metastasis, 
36% in lung metastasis, 26% in the primary tumor, 29% in soft 
tissue metastasis, and 33% in adrenal metastasis, and the treat-
ment in lymph nodes appears to be more active in comparison 
to other organ sites such as liver, adrenal gland and bone 
metastasis.12 In patients with melanoma, it was reported that 
soft-tissue and lung metastases had the highest lesional 
response rate (79% and 77%, respectively), whereas liver 
metastases had the lowest (46%). In a multivariate analysis, 
patients with lung metastases had a superior ORR (odds ratio 
[OR], 2.75; P=0.02) and progression-free survival (hazard ratio 
[HR], 0.46; P=0.02), whereas those with liver metastasis had 
an inferior ORR (OR, 0.33; P=0.02), progression-free survival 
(HR, 4.03; P<0.01), and overall survival (HR, 3.17; P=0.01).14 

In the present study, the OSRR of patients with liver metastasis 
was not so bad (23.1%) in comparison to other organs (lung 
[31.3%], lymph nodes [29.0%], local recurrence [12.5%], pri-
mary tumor organ [7.1%] and bone [28.6%]). However, 
a significant difference in OS was confirmed between patients 
with and without liver metastasis (p<0.001), these results may 
be due in part to the liver having an immunologically unique 
microenvironment.

The present study was associated with some limitations. 
This study was retrospective in nature. Due to the relatively 
small sample size, a multivariate analysis was not performed. 
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The absence of statistically significant difference in organs 
other than the primary tumor organ and liver may be due to 
the sample size; thus, our findings should be validated in large 
and prospective studies. The patients in our study were hetero-
geneous in terms of the regimens and lines of prior systemic 
chemotherapy, dosing schedule, and the frequency of tumor 
assessment. The immunological mechanisms of organ-specific 
differential responses to pembrolizumab were not explored 
because it is impossible to obtain tumor samples from multiple 
organs in the same person at the same time.

Conclusion
The present study found that the tumor responses in 
patients treated with pembrolizumab were different and 
that they depended on the primary and metastatic sites. 
Specifically, we found the most prominent tumor response 
in lung metastases and the least response in primary organ 
sites, and that significant difference in OS was confirmed 
with and without primary organ disease and liver metas-
tasis. The mechanisms of these different responses were 
unclear and there does not appear to be a constant trend 
between tumor shrinkage and OS in tumor sites. Further 
studies are needed.
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UC, urothelial carcinoma; ICIs, immune checkpoint inhi-
bitors; ORR, objective response rate; DCR, disease control 
rate; OSRR, organ-specific response rate; OS, overall sur-
vival; ICIs, immune checkpoint inhibitors; PD-1, pro-
grammed death 1; CPS, combined positive score; PFS, 
progression free survival; LN, lymph node; OSDCR, 
organ-specific disease control rate; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; Hb, 
hemoglobin; IQR, interquartile range.
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