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Abstract
Background: The benefits of pembrolizumab in patients with advanced urothe-
lial carcinoma (UC) and impaired performance status (PS) remain unknown. This 
study assessed the safety and efficacy of pembrolizumab in patients with platinum-
refractory UC and Eastern Cooperative Oncology Group PS ≥2 to identify which 
subgroups may benefit from this drug.
Methods: This retrospective nationwide cohort study collected clinicopathological 
information for 755 patients from 59 institutions. The overall response rate (ORR) 
and overall survival (OS) were compared among the patients with PS 0–1, 2, and 3–4. 
Multivariate analysis was conducted to identify factors predicting OS in patients with 
PS ≥2.
Results: The numbers of patients with PS 0–1, 2, and 3–4 were 602, 98, and 55, 
respectively; the ORRs in these groups were 29.5, 15.3, and 9.1%, respectively, and 
the median OS times were 14.3, 3.1, and 2.4 months, respectively. In multivariate 
Cox regression analysis, a neutrophil–lymphocyte ratio (NLR) ≥3.5 (hazard ratio 
[HR] = 1.897) and liver metastasis (HR = 2.072) were associated with OS in the 
PS ≥2 subgroup. The median OS of patients with PS ≥2 without either risk fac-
tor was 6.8 months, compared with 3.1 months for patients with one risk factor and 
2.3 months for patients with both risk factors.
Conclusions: PS ≥2 portended worse ORR and OS than PS ≤1 despite a comparable 
safety profile. Among the patients with impaired PS, patients with NLR <3.5 and no 
liver metastasis may most greatly benefit from pembrolizumab therapy.
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1  |   INTRODUCTION

The advent of immune checkpoint inhibitors (ICIs) has rev-
olutionized the treatment of urothelial carcinoma (UC). 
Pembrolizumab, an anti-programmed death 1 antibody, 
was the first drug to significantly improve overall survival 
(OS) after platinum-based chemotherapy, as reported in the 
KEYNOTE-045 phase 3 randomized controlled trial.1 The 
objective response rate (ORR) was 21%, including a com-
plete response (CR) rate of 7%, providing hope to patients 
with advanced UC. Because the phase 3 trial had strict inclu-
sion criteria, additional data are needed for patients outside 
the trial to extrapolate this promising result to the real world.

The Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) is a strong prognostic factor for survival 
in patients with UC.2,3 Patients with PS ≥2 are considered 
unfit for systemic chemotherapy because of the limited ef-
ficacy and high toxicity.4 ICIs have been reported to have 
low risk of systemic toxicities such as anorexia or myelo-
suppression than chemotherapy,1 and physicians may have a 

low threshold to administer ICIs to patients with impaired 
PS. Meanwhile, clinicians face a difficult decision con-
cerning whether to administer treatment to patients with 
little possibility of positive outcomes. There is sparse evi-
dence to support the use of ICIs in patients with impaired 
PS. KEYNOTE-045 and other phase 3 trials of ICI therapy 
included extremely small numbers of patients with PS 2. No 
studies have focused on patients with PS 3 or 4, who are not 
enrolled in clinical trials. Despite the lack of evidence, the 
use of pembrolizumab in such patients who are at the end of 
life, so-called “desperation oncology,” is increasing.5

Our group reported nationwide real-world data for pa-
tients who received pembrolizumab for UC (Japan Urological 
Oncology Group database) and identified several prognostic 
factors including PS.6 The study illustrated that approximately 
20% of patients with metastatic UC who received pembroli-
zumab had poor PS (≥2) in real-world practice. This study eval-
uated the efficacy and safety of pembrolizumab in patients with 
poor PS. Additionally, we aimed to identify patients who would 
benefit from pembrolizumab treatment despite impaired PS.

mailto:selecao@kuhp.kyoto-u.ac.jp
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2  |   MATERIALS AND METHODS

2.1  |  Patients and data collection

This multi-institutional study was approved by the institu-
tional review board (anonymized during review process, ap-
proved in June 2018) followed by the review boards of all 
59 participating institutions. This study conformed to the 
Declaration of Helsinki. We retrospectively analyzed the 
outcomes of 758 patients with UC who received pembroli-
zumab from August 2015 to December 2019 in a Japanese 
nationwide cohort. This cohort included three patients who 
received pembrolizumab in clinical trials before approval by 
Japan's Pharmaceuticals and Medical Devices Agency, while 
all the remaining patients received pembrolizumab after the 
approval. Data were collected through the end of 2019 for 
all patients who could be followed. Patients were excluded 
if pembrolizumab was administered in the neoadjuvant/ad-
juvant setting (n = 2) or if platinum chemotherapy was not 
previously received (n = 1).

The person in charge of each facility reported ECOG PS at 
the initial diagnosis as well as pembrolizumab administration 
based on the patient records. The response was evaluated by 
each person in charge using Response Evaluation Criteria in 
Solid Tumors version 1.1. ORR was calculated as the pro-
portion of patients with CR or partial response. Treatment-
related toxicity was assessed using Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.03.

The parameters evaluated in this study included age, sex, 
smoking status, primary site of UC, histological subtype, 
prior surgery, number of prior chemotherapy regimens, in-
terval since prior chemotherapy, laboratory variables (he-
moglobin, albumin, neutrophil–lymphocyte ratio [NLR]) at 
pembrolizumab initiation, and site of metastasis at pembroli-
zumab initiation.

2.2  |  Analysis method

All statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University), which is a graphi-
cal user interface for R (The R Foundation for Statistical 
Computing, version 2.13.0).7 It is also a modified version 
of R commander (version 1.6–3), which includes statistical 
functions for biostatistics.

The Cochran–Armitage test and Jonckheere–Terpstra test 
were used to examine trends in categorical and continuous 
data, respectively. Logistic regression analysis was used for 
univariate and multivariate analyses to identify prognostic 
factors for ORR. Progression-free survival (PFS) and OS 
were assessed using the Kaplan–Meier method with the log-
rank trend test. Univariate and multivariate Cox proportional 
hazard models were used to predict prognosis. The prognostic 

factors in the entire cohort (hemoglobin, NLR, interval since 
prior chemotherapy, presence of liver metastasis), as reported 
elsewhere,6 and baseline data were included in the analysis. 
The variables deemed significant at p < 0.05 were included 
in the multivariate analysis. The optimal cutoff for contin-
uous variables (hemoglobin, albumin, NLR, and number of 
metastatic organs) was determined using receiver operating 
characteristic curve analysis. All tests were two-sided, and 
p < 0.05 indicated statistical significance.

3  |   RESULTS

3.1  |  Patients

The characteristics of the patients stratified by PS (0–1, 2, 
and 3–4) are presented in Table 1. The numbers of patients 
in the PS 0–1, 2, and 3–4 subgroups were 602 (79.7%), 98 
(13.0%), and 55 (7.3%), respectively. Poor PS was signifi-
cantly associated with a short interval since prior chemo-
therapy (<90 days, p for trend =0.028), lower hemoglobin 
levels (p for trend <0.001) lower albumin levels (p for trend 
<0.001), higher NLRs (p for trend <0.001), the presence 
of bone, liver, peritoneal, and brain metastasis (p for trend 
<0.001, <.0001, 0.002, and <0.001, respectively), and the 
number of metastatic organs (p for trend <0.001). Age, sex, 
smoking status, the primary site of UC, prior local treatment, 
and the number of prior chemotherapy regimens did not sig-
nificantly differ among the subgroups.

3.2  |  Response, toxicity, and survival

Table 2 presents the response rate stratified by PS. The ORR 
rates in the PS 0–1, 2, and 3–4 subgroups were 29.5, 15.3, and 
9.1%, respectively (p for trend <0.001). CR was achieved in 
8.1% of patients with PS 0–1, 4.1% of patients with PS 2, and 
0% of patients with PS 3–4. The estimated 1-year PFS rates in 
the PS 0–1, 2, and 3–4 subgroups were 31.0, 9.8, and 8.7%, 
respectively (p for trend <0.001). Adverse events stratified 
by PS are presented in Table  S1. The any/major (CTCAE 
grade ≥III) complication rates were 38.0/16.3, 34.7/15.3, and 
23.6/10.9% for patients with PS 0–1, 2, and 3–4, respectively 
(p for trend  =0.054/0.347). Adverse events leading to the 
discontinuation of pembrolizumab were observed in 9.6% of 
patients with PS 0–1, 6.1% of those with PS 2, and 3.6% of 
those with PS 3–4. Events leading to death were observed in 
1.0% of patients with PS 0–1 and no patients with PS 2 or 3–4. 
Figure 1 presents OS curves stratified by PS subgroup. The me-
dian survival times in the PS 0–1, 2, and 3–4 subgroups were 
14.3, 3.1, and 2.4 months, respectively (p for trend <0.001). 
During a median follow-up period of 7.2 months, 274 (45.5%), 
79 (80.6%), and 45 (81.8%) of patients with PS 0–1, 2, and 3–4 
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died, respectively. Among the deceased patients, 8 (2.9%), 6 
(7.6%), and 11 patients (24.4%) with PS 0–1, 2, and 3–4, re-
spectively, had initiated pembrolizumab within 30 days before 
death.

The multivariate analysis adjusted with baseline charac-
teristics and risk factors showed that PS ≥2 was significantly 
associated with both ORR (odds ratio [OR] = 0.503, 95% confi-
dence interval [CI] = 0.287–0.881, p = 0.016, Table S2) and OS 
(hazard ratio [HR] = 2.202, 95% CI = 1.707–2.840, p < 0.001, 
Table S3).

3.3  |  Predictors of ORR and OS in the PS 
≥2 subgroup

Because patients with PS 2 and 3–4 had similarly poor 
prognoses, the analysis to identify patients who might ben-
efit from pembrolizumab was conducted in patients with 
PS ≥2. In univariate logistic regression analysis, ≥2 prior 
chemotherapy regimens, hemoglobin level <11  g/dl, and 
NLR ≥3.5 were significantly associated with ORR. In mul-
tivariate logistic regression analysis, ≥2 prior chemotherapy 

T A B L E  1   Patient characteristics stratified by performance status

ECOG PS =0–1
n = 602

ECOG PS =2
n = 98

ECOG PS =3–4
n = 55

p for 
trend

Age, year 72.09 [66.30, 77.23] 72.01 [66.49, 76.21] 70.18 [63.50, 75.72] 0.221

Sex, male 456 (75.7) 72 (73.5) 40 (72.7) 0.520

Current or past smoker 340 (59.1) 61 (63.5) 29 (58.0) 0.783

Primary site, bladder 300 (49.8) 52 (53.1) 30 (54.5) 0.402

Variant histology 52 (8.6) 12 (12.2) 6 (10.9) 0.314

Prior cystectomy or 
nephroureterectomy

347 (57.6) 47 (48.0) 30 (54.5) 0.221

Number of prior chemotherapy 0.152

Adjuvant/NAC 95 (15.8) 13 (13.3) 5 (9.1)

1 (± adjuvant/NAC) 362 (63.5) 58 (59.2) 38 (69.1)

2 (± adjuvant/NAC) 108 (17.9) 19 (19.4) 7 (12.7)

≥3 (± adjuvant/NAC) 37 (6.1) 8 (8.2) 5 (9.1)

<90 days after prior chemotherapy 273 (45.3) 52 (53.1) 32 (58.2) 0.028*

Hemoglobin, g/dl 10.9 [9.5, 12.1] 10.10 [9.03, 11.07] 9.00 [8.30, 9.85] <0.001*

Albumin, g/dl 3.80 [1.30, 5.20] 3.30 [1.03, 4.60] 2.80 [1.40, 4.30] <0.001*

NLR 3.1 [2.1, 4.6] 4.30 [3.14, 7.37] 6.55 [3.87, 12.57] <0.001*

Lymph nodes metastasis 409 (67.9) 70 (71.4) 32 (58.2) 0.369

Visceral metastasis

Lung 236 (39.2) 43 (43.9) 22 (40) 0.606

Bone 99 (16.4) 33 (33.7) 22 (40) <0.001*

Liver 97 (16.1) 31 (31.6) 21 (38.2) <0.001*

Peritoneum 41 (6.8) 13 (13.3) 9 (16.4) 0.002*

Adrenal gland 25 (4.2) 4 (4.1) 3 (5.5) 0.716

Skin/soft tissue 13 (2.1) 5 (5.5) 2 (3.6) 0.178

Brain 7 (1.2) 5 (5.1) 5 (9.1) <0.001*

No. of metastatic organs 1 [0, 1] 1 [1, 2] 1 [1, 2] <0.001*

ECOG PS n.a.

0 357 (59.3) 0 (0.0) 0 (0.0)

1 245 (40.7) 0 (0.0) 0 (0.0)

2 0 (0.0) 98 (100.0) 0 (0.0)

3 0 (0.0) 0 (0.0) 49 (89.1)

4 0 (0.0) 0 (0.0) 6 (10.9)

Results are presented as the median [interquartile range] or number (%).
Abbreviations: ECOG, Eastern Cooperative Oncology Group; n.a.; not applicable; NAC, neoadjuvant chemotherapy; NLR; Neutrophil–lymphocyte ratio; PS, 
performance status.
*p < 0.05 
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regimens (odds ratio [OR] = 0.11, 95% confidence interval 
[CI] = 0.014–0.906, p = 0.04), hemoglobin level <11 g/dl 
(OR =0 .302, 95% CI =0.106–0.857, p = 0.025), and NLR 
≥3.5 (OR = 0.329, 95% = CI 0.120–0.903, p = 0.031) were 
independently associated with ORR (Table S4).

In univariate Cox regression analysis, hemoglobin level 
<11 g/dL, NLR ≥3.5, the presence of liver metastasis, and 
the number of metastatic organs ≥2 (multi-organ metasta-
sis) were significantly associated with prognosis. In mul-
tivariate Cox regression analysis, NLR ≥3.5 (hazard ratio 
[HR] = 1.894, 95% CI = 1.246–2.879, p = 0.003) and the 
presence of liver metastasis (HR = 1.982, 95% CI = 1.276–
3.080, p  =  0.002) were independently associated with 

prognosis (Table  S5). Figure  2 presents the OS curves for 
patients with PS ≥2 stratified by the number of risk factors 
(NLR ≥3.5 and liver metastasis). The median survival time 
was 6.8 months for patients without either risk factor, versus 
3.1 months in patients with one risk factor and 2.3 months 
in patients with both risk factors (p for trend <0.001). This 
risk classification successfully stratified the OS curve of all 
PS  =  0–1, 2, and 3–4 subgroups into low-, intermediate-, 
and high-risk populations (Figure S1). ORR decreased as the 
number of risk factors present increased as follows: 23.5% 
for patients with no risk factors, 13.8% for patients with one 
risk factor, and 2.6% for patients with both risk factors (p for 
trend = 0.007).

T A B L E  2   Response outcomes stratified by performance status

ECOG PS =0–1
n = 602

ECOG PS =2
n = 98

ECOG PS =3–4
n = 55

p for 
trend

Best response

CR 49 (8.1) 4 (4.1) 0 (0)

PR 129 (21.4) 11 (11.2) 5 (9.1)

SD 149 (24.8) 13 (13.3) 6 (10.9)

Total doses 6.00 [3.00, 12.00] 2.50 [1.00, 5.00] 2.00 [1.00, 4.00] <0.001*

1 year PFS 31.0 9.8 8.7 <0.001*

Subsequent chemotherapies 94 (15.6) 1 (1.0) 3 (5.5) 0.003*

Results are presented as the number (%), median [interquartile range], or %.
Abbreviations: CR, complete response; ECOG, Eastern Cooperative Oncology Group; PFS progression-free survival; PR, partial response; PS, performance status; SD, 
stable disease.
*p < 0.05. 

F I G U R E  1   Overall survival stratified 
by Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) 0–1, 2, 
and 3–4
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4  |   DISCUSSION

To the best of our knowledge, this is the first study to exam-
ine the outcomes of pembrolizumab in patients with chem-
orefractory advanced UC and impaired PS. In this study, 
patients with PS 2 and 3–4 displayed worse ORR and OS 
than patients with PS 0–1, whereas the safety profile was 
comparable among these subgroups. In particular, this study 
included 55 patients with PS 3–4. The survival curves for the 
PS 2 and 3–4 subgroups were comparable, but almost 20% of 
patients with PS 3–4 died within 30 days after the initiation of 
pembrolizumab therapy. Hemoglobin levels, NLR, the num-
ber of prior chemotherapy regimens, and the presence of liver 
metastasis were significantly associated with ORR and OS 
for patients with PS 2–4. Survival time analysis illustrated 
patients with NLR <3.5 and no liver metastases, regardless 
of the PS, can benefit from pembrolizumab treatment.

In this study, PS ≥2 was significantly associated with shorter 
OS and lower ORR than PS ≤1. In the KEYNOTE-045 trial, 
the median OS was 10.3 months, and the ORR was 21.1%,1 
which were comparable to our results in patients with PS ≤1. 
The trial also revealed the survival benefit of pembrolizumab 
over salvage chemotherapy in patients with PS 2. However, this 
study enrolled only six patients with PS 2. Moreover, patients 
with PS 2 and at least one Bellmunt risk factor (i.e., hemo-
globin concentration <10  g/dl, presence of liver metastases, 
and receipt of the last dose of chemotherapy <3 months be-
fore enrollment) were excluded. Thus, patients with PS 2 in the 

KEYNOTE-045 trial differ significantly from the actual popu-
lation of patients with UC and PS 2. Four retrospective studies 
have assessed efficacy of ICIs in patients with UC and PS ≥2, 
including any ICI8 in one study and atezolizumab in three stud-
ies.9-11 Khaki et al. reported a median OS of 8.2 months and 
ORR of 23% among patients with PS ≥2 and who received 
an ICI in the second-line setting or later, which were compa-
rable to the outcomes for patients with PS ≤1.8 Conversely, a 
study of atezolizumab therapy in patients with advanced UC 
or non-UC (SAUL study) reported a median OS of 2.3 months 
and ORR of 5% in patients with PS 2.9 The other two studies 
did not focus on patients with PS ≥2, and the reported ORR 
for the entire cohorts ranged from 17 to 21%.10,11 These widely 
divergent outcomes might be attributable to differences in pa-
tients’ backgrounds such as the number of risk factors. Of note, 
our study included more than 50 patients with PS 3–4. The 
survival curves were similar between patients with PS 3–4 and 
2, but ORR and the proportion of the patients who died within 
30 days after the initiation of pembrolizumab were worse in 
the former subgroup. Although the use of pembrolizumab for 
patients with PS 4 was specially selected cases, one out of six 
patients with PS 4 achieved PR. It should be noted that the defi-
nition of PS does not consider comorbidities or cancer stage 
separately, and it is also difficult to determine whether the 
cause of PS decline is cancer alone or the effect of comorbid-
ities. This indicates the existence of a group of patients with 
PS 3–4 who may benefit from pembrolizumab therapy even 
though its efficacy generally declining with worsening PS.

F I G U R E  2   Overall survival among 
patients with performance status ≥2 
stratified by the number of risk factors 
(neutrophil–lymphocyte ratio ≥3.5 and liver 
metastasis)
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Because patients with PS ≥2 represent a heterogeneous 
population, there is a need to predict the outcomes of pem-
brolizumab treatment in these patients. In such patients, sur-
vival outcomes were clearly influenced by the number of risk 
factors (NLR ≥3.5 and liver metastasis). Interestingly, the 
median OS was similar for the PS 2 and 3–4 subgroups when 
stratified by the number of risk factors. In addition, the OS 
for patients with PS ≥2 was worse than that of PS 0–1 in each 
risk group. These results suggest that PS have a strong asso-
ciation with prognosis, and NLR and liver metastasis influ-
ence prognosis regardless of PS. Patients with PS 2 and 3–4 
without risk factors may benefit from pembrolizumab even 
though OS in these patients is worse than that in patients with 
PS 0–1. Patients with both risk factors are likely to die within 
several months after the start of treatment; thus, the effect 
of pembrolizumab on survival would be minimal. Our data 
concerning the real-world outcomes of pembrolizumab in 
patients with impaired PS will certainly aid decision making 
concerning the administration of pembrolizumab.

This study identified that hemoglobin levels <11  g/dl, 
NLR ≥3.5, and ≥2 prior chemotherapy regimens were in-
dependently associated with ORR, whereas NLR ≥3.5 and 
the presence of liver metastasis were associated with prog-
nosis. The site of metastasis, hemoglobin levels, and NLR 
were independent prognostic factors in the entire cohort, as 
reported elsewhere.6 This study illustrated that these factors 
can be predictors of ORR and prognosis in patients with PS 
≥2. Hemoglobin levels and liver metastasis have been pro-
posed as independent predictors of PFS and OS for patients 
with platinum-refractory advanced UC.2,12 In addition, NLR 
displayed the strongest association with ORR and OS in this 
study. NLR is considered to reflect systemic inflammation 
caused by cancer.13 High NLRs have been reported to be 
significant discriminators of the response to chemotherapy 
or survival in various types of cancers,13 including UC.14-17 
In this study, NLR ≥3.5 was adopted as the optimal cutoff 
because a cutoff of 3.0 resulted in an extremely small pro-
portion of patients with PS ≥2. The interval since previous 
chemotherapy was not significantly associated with ORR and 
OS. Instead, the number of prior chemotherapy regimens was 
significantly associated with ORR. This might be because 
this cohort represents the initial experience with pembroli-
zumab. A certain number of patients had received multiple 
chemotherapy regimens or waited a long period prior to the 
approval of pembrolizumab in December 2017.

In our cohort, the toxicity rate did not significantly dif-
fer among the patients according to PS, although this finding 
might have been influenced by the short duration of treat-
ment and survival in the poor PS subgroup. This tendency 
was observed in the SAUL study, which reported that 53% 
of all patients and 35% of those with PS 2 who received 
atezolizumab experienced treatment-related complications.9 
In this respect, immunotherapy is easier to use in patients 

with impaired PS than chemotherapy, which is more likely to 
cause severe adverse events in such patients. In fact, the use 
of immunotherapy use near the end of life is increasing. In 
the US, the rate of ICI initiation within the last 60 days of life 
in patients with UC increased from 1.0% in the fourth quarter 
of 2015 to 23% in the fourth quarter of 2017.5 Although ICIs 
might be safer than traditional chemotherapy in patients with 
impaired PS, we must note that more than 10% of patients 
with PS ≥2 experienced grade III or worse adverse events in 
our study. Moreover, ICI use near the end of life is associated 
with financial difficulties and lower hospice enrollment.8,18 
Given the ORR of 2.6% and mortality rate of 78.9% within 
3 months in patients with PS ≥2 and the two aforementioned 
risk factors (NLR ≥3.5 and liver metastasis), the initiation of 
pembrolizumab for these patients should be carefully consid-
ered with detailed discussion.

This study had several limitations. First, because of its ret-
rospective nature, patient characteristics among patients with 
PS ≤1, 2, or ≥3 were largely different. Although the effect of 
PS on survival and ORR remained significant in multivariate 
analysis, potential confounders such as total tumor volume 
still exist. The indication for treatment, timing of evaluation, 
and use of pre- or post-treatment regimens also varied. The 
evaluation of toxicity was not centralized and the person in 
charge in each institution reported the toxicity when ICI was 
the most likely cause of the symptom. It was particularly dif-
ficult to distinguish ICI’s toxicity from the symptoms due to 
cancer progression in patients with impaired PS. Second, the 
ECOG-PS assessment is inherently subjective and does not 
take age, comorbidities, or stage of a cancer into account. 
Moreover, there are discrepancies between patients’ and cli-
nicians’ evaluation of ECOG-PS.19 Alternative tools that can 
objectively assess patients’ physical status and its prognos-
tic value should be further studied.20 Third, this study was a 
single-arm trial that lacked a control or traditional chemother-
apy group. Because PS ≥2 is usually a contraindication for 
standard chemotherapy, it is difficult to compare outcomes. 
Patients with PS 2, such as those who lack our proposed risk 
factors, should be enrolled in prospective controlled trials. In 
addition, it is unclear whether pembrolizumab has a positive 
benefit on survival versus best supportive care for patients 
with PS ≥2. Given the extremely short OS in patients with 
several risk factors, pembrolizumab may have little or no 
prognostic benefit for these patients. Moreover, the effects of 
this ICI on the quality of life or financial burden of patients 
should be further investigated. Fourth, the potential labora-
tory markers, such as platelet-to-lymphocyte ratio or LDH,21 
were not collected in this retrospective study. It should be 
further investigated which laboratory markers are more pre-
dictive. We have newly started the prospective cohort study 
which includes these variables. Finally, this study did not ex-
amine proposed biomarkers such as PD-L1 expression, the 
tumor mutational burden, or the tumor microenvironment.22 
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These biomarkers may be introduced as decision-making 
tools in the future, but they have not been widely accepted 
in real practice. Until the utility of these biomarkers is fully 
validated, PS should be utilized for decision making.

In conclusion, patients with PS ≥2 exhibited worse ORR 
and OS than those with PS ≤1 despite their comparable 
safety profiles. The survival curves were similar between pa-
tients with PS 2 and 3–4. High NLR (≥3.5) and the presence 
of liver metastasis were significant risk factors for worse OS 
in patients with PS ≥2.
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