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Background: To evaluate the association of clinical outcomes with posttreatment changes 
in the relative eosinophil count (REC) and neutrophil-to-eosinophil ratio (NER) in patients 
with advanced urothelial cancer (UC) treated with pembrolizumab.
Materials and Methods: We retrospectively analyzed 105 patients with advanced UC who 
received pembrolizumab after the failure of platinum-based chemotherapy. The REC and 
NER before and three weeks after pembrolizumab were recorded. A receiver operating 
characteristic curve was used to determine the optimal cut-off values for analyzing the risk.
Results: There were no significant differences in the overall survival (OS) between the REC 
≥4.8% and <4.8% groups and the NER ≥13.7 and <13.7 groups before pembrolizumab 
(p=0.997 and 0.669, respectively). However, a significant difference in the OS was confirmed 
between the increased and decreased REC groups and between the decreased and increased 
NER groups at 3 weeks after pembrolizumab (p<0.001 and 0.002, respectively). Multivariate 
analyses revealed that an Eastern Cooperative Oncology Group Performance Status ≥2 
(P=0.003), albumin <3.7 g/dl (p=0.002), LDH >246 U/L (p=0.011), disease site ≥3 organs 
(p=0.019), decreased posttreatment REC (3 weeks later) (p=0.002) and increased posttreat-
ment NER (3 weeks later) (p=0.022) were independent prognostic factors for a worse OS.
Conclusion: An increased REC and decreased NER after pembrolizumab may be signifi-
cant early predictive markers of improved clinical outcomes in patients with advanced UC 
receiving pembrolizumab.
Keywords: urothelial carcinoma, pembrolizumab, eosinophil, neutrophil-to-eosinophil ratio

Introduction
The introduction of immune checkpoint inhibitors (ICIs) has dramatically changed 
the treatment for multiple malignancies, including advanced urothelial carcinoma 
(UC). At present in Japan, pembrolizumab (anti programmed death 1 [PD-1] anti-
body) is approved as second-line therapy for patients after the failure of platinum- 
based chemotherapy,1 and avelumab (anti–PD-L1 antibody) was recently approved 
as maintenance therapy for patients without progression after first-line platinum- 
based chemotherapy.2 However, while ICIs have markedly improved the outcomes 
of patients with advanced UC, the objective response rate is low, and only 
a minority of patients achieve a long-term benefit.3
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Because of the limited response rates and concomitant 
immune-related adverse events, there is an urgent need for 
predictive biomarkers capable of predicting the clinical 
response to ICIs. In addition, the identification of 
a biomarker that is also a routinely used clinical marker 
would be of value, as it may represent a convenient and 
low-cost option that does not require special equipment.

Several predictive biomarkers for ICIs have been 
reported in a number of malignancies, including UC.4–7 

In clinical practice, complete blood count (CBC) testing is 
essential for the treatment of malignant tumors, and the 
eosinophil count is a widely available blood parameter and 
part of the routine complete blood examination performed 
for patients on immunotherapy. Eosinophils were recently 
shown to be associated with the efficacy of ICIs in mela-
noma, lung cancer and renal carcinoma.8–10 Furthermore, 
an increase in eosinophil in the early stages of therapy 
with ICI was found be associated with an improved survi-
val of melanoma and lung cancer patients.11–14

In the present study, we focused on the changes in the 
relative eosinophil count (REC) and neutrophil-to- 
eosinophil ratio (NER) to clarify the relationship between 
these changes and the clinical outcome with pembrolizu-
mab in advanced UC.

Materials and Methods
Patient Population
We identified 125 consecutive patients with advanced 
(metastatic or locally advanced) UC who received pem-
brolizumab after the failure of platinum-based chemother-
apy at 6 institutions between January 2018 and June 2021. 
All patients were histopathologically diagnosed with UC 
and showed radiologically confirmed disease progression 
after platinum-based chemotherapy.15 Clinical data were 
retrieved from the patients’ medical records. Ultimately, 
20 patients were excluded from this study due to a lack of 
clinical data.

Pembrolizumab was administered intravenously on day 
1 at a dose of 200 mg, and the cycle was basically repeated 
every 21 days, continuing until disease progression or 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 
measurements were generally performed by computed 
tomography before and after every four to six cycles of 
pembrolizumab; however, evaluations were performed as 

needed when the clinical symptoms worsened. The tumor 
response was assessed as the best response according to 
the Response Evaluation Criteria in Solid Tumors, version 
1.1.16

Peripheral REC and NER Measurement
Peripheral REC and NER were measured at the same time 
as CBC measurements before initial pembrolizumab initia-
tion and three weeks later. Results were obtained from the 
medical records of each patient.

Statistical Analyses
All statistical analyses were performed using the JMP® 

Pro, version 15.1.0 software package (SAS Institute, Inc., 
Cary, NC, USA). To determine the cut-off value of the 
continuous variables, a receiver operating characteristics 
(ROC) curve analysis was performed. The Mann–Whitney 
U-test was used to assess the differences between the 
controlled disease and progressive disease groups. The 
Kaplan–Meier method was used to evaluate the progres-
sion-free survival (PFS) and overall survival (OS). The 
PFS was calculated from the day on which pembrolizumab 
was started until the date when patients who were alive 
and without disease progression or who were lost to fol-
low-up had their data censored at the time of the final 
tumor assessment. The OS was calculated from the day on 
which pembrolizumab was started until the date of the last 
follow-up examination or death from any cause, and the 
difference among response groups was determined by the 
Log rank test. The significance of associations between the 
clinical parameters and OS was assessed using the Cox 
proportional hazards regression model. P values of <0.05 
were considered to indicate statistical significance.

Results
Patient Characteristics
The clinical characteristics of the 105 patients (male, 
n=75; female, n=30; median age, 72 years old; interquar-
tile range [IQR], 67–77 years old) are listed in Table 1. 
The median follow-up period was 8.4 months (IQR, 4.1– 
15.7 months). All patients received pembrolizumab for UC 
after the failure of platinum-based chemotherapy. 
According to the Eastern Cooperative Oncology Group 
Performance Status (ECOG PS), 64 (61.0%), 31 (29.5%) 
and 10 (9.5%) patients had a PS of 0, 1 and ≥2, respec-
tively. Forty-two patients had bladder UC (40.0%), 41 had 
upper urinary tract UC (39.0%), and 22 had both types 
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(21.0%). In the majority of patients, a histological exam-
ination revealed pure UC (81.0%). The number of treat-
ments attempted before pembrolizumab was 1 (n=84, 
80.0%), 2 (n=12, 11.4%) and 3 (n=9, 8.6%). Before the 
start of treatment with pembrolizumab, the number of 
diseased organs, including the primary tumor organ, was 
1 in 47 patients (44.8%), 2 in 26 patients (24.8%) and ≥3 
in 32 patients (30.5%). The median PFS and OS were 3.2 
months (95% confidence interval [CI], 2.8–5.5) and 13.7 
months (95% CI, 10.2–19.8), respectively.

Peripheral REC and NER Changes Due to 
Pembrolizumab
Peripheral REC and NER values before pembrolizumab 
initiation and three weeks later are shown according to 

patients who did and did not respond to pembrolizumab 
(Table 2). After 3 weeks of pembrolizumab administration, 
65 patients (61.9%) had an increased REC, and 64 patients 
(61.0%) had a decreased NER compared to before pem-
brolizumab administration. There were no significant dif-
ferences between patients with controlled disease 
(complete response, partial response and stable disease) 
and those with progressive disease in terms of the REC 
and NER before pembrolizumab (p=0.339 and 0.304, 
respectively). However, there were significant differences 
between patients with controlled disease and those with 
progressive disease in terms of the REC and NER at 3 
weeks after starting pembrolizumab (p=0.008 and 0.004, 
respectively).

The OS According to Pre- and 
Posttreatment (Three Weeks Later) REC 
and NER Values in Patients Treated with 
Pembrolizumab
The OS according to the REC and NER values before and 
three weeks after pembrolizumab initiation are shown in 
Figures 1–2. The most appropriate cut-off values for 
patients with controlled disease and those with progressive 
disease were a REC of 4.8% and NER of 13.7 according to 
an ROC curve analysis (area under the curve [AUC] 
=0.554 and 0.558, respectively). There were no significant 
differences in the OS between the REC ≥4.8% and <4.8% 
groups or the NER ≥13.7 and <13.7 groups according to 
a Log rank test (p=0.997 and 0.669, respectively) 
(Figure 1). However, a significant difference in the OS 
was confirmed between the increased and decreased REC 
groups and between the decreased and increased NER 
groups at 3 weeks after starting pembrolizumab 
(p<0.001, and 0.002, respectively) (Figure 2).

Univariate and Multivariate Analyses of 
the Associations Between Various 
Factors and the OS with Pembrolizumab
To identify the prognostic factors associated with the OS 
with pembrolizumab, univariate and multivariate analyses 
using the Cox proportional hazards model were performed 
(Table 3). Univariate analyses for various factors revealed 
that sex, ECOG PS, albumin, lactate dehydrogenase 
(LDH), disease site, posttreatment REC and posttreatment 
NER were prognostic variables. However, the pretreat-
ment REC and NER values were not prognostic variables. 

Table 1 Patients’ Characteristics

Characteristics (n=105)

Age (years), median (IQR) 72 (67–77)
Male sex, n (%) 75 (71.4)

ECOG PS score, n (%)

0 64 (61.0)
1 31 (29.5)

≥2 10 (9.5)

Primary tumor site, n (%)

Bladder 42 (40.0)

Upper urinary tract 41 (39.0)
Upper urinary tract + bladder 22 (21.0)

Pure UC in histologic testing, n (%) 85 (81.0)
Albumin (g/dL), median (IQR) 3.8 (3.5–4.2)

LDH (U/L), median (IQR) 200 (178–237)

Number of prior chemotherapy regimens, n (%)

1 84 (80.0)
2 12 (11.4)

3 9 (8.6)

Disease site (including primary organ), n (%)

1 organ 47 (44.8)
2 organs 26 (24.8)

≥3 organs 32 (30.5)

Follow-up period (months), median (IQR) 8.4 (4.1–15.7)
Progression free survival (months), median (95% 

CI)

3.3 (2.8–5.5)

Overall survival (months), median (95% CI) 13.7 (10.2– 
19.8)

Abbreviations: IQR, interquartile range; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; UC, urothelial carcinoma; LDH, lactate 
dehydrogenase; CI, confidence interval.
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The multivariate analyses revealed that ECOG PS ≥2 
(hazard ratio [HR] 4.017, 95% confidence interval [CI]: 
1.618–9.975, P=0.003), albumin <3.7 g/dl (HR 2.744, 95% 
CI: 1.438–5.236, p=0.002), LDH >246 U/L (HR 2.436, 
95% CI: 1.228–4.829, p=0.011), disease site ≥3 organs 
(HR 2.324, 95% CI: 1.149–4.702, p=0.019), decreased 
posttreatment REC (3 weeks later) (HR 31.298, 95% CI: 
3.724–263.048, p=0.002) and increased posttreatment 
NER (3 weeks later) (HR 11.563, 95% CI: 1.430–93.481, 
p=0.022) were independent prognostic factors for 
a worse OS.

Discussion
We retrospectively analyzed the data of 105 patients with 
advanced UC who received the ICI pembrolizumab after 
the failure of platinum-based chemotherapy and evaluated 
the relationship between the change in the REC value and 
the OS, including the change in the NER. The present 
study found that an increased REC and decreased NER 
at three weeks after pembrolizumab were independently 

associated with a significantly longer OS and might be 
significant predictive markers of improved clinical out-
comes in patients with advanced UC receiving 
pembrolizumab.

Several predictive biomarkers to ICIs have also been 
reported in advanced UC.4–7 In clinical practice, the exam-
ination of peripheral blood is a minimally invasive and 
commonly ordered laboratory test, suggesting its poten-
tially reliable and predictive value. The neutrophil-to- 
lymphocyte (NLR) is a systemic inflammatory prognostic 
marker, and not only the pretreatment NLR but also the 
posttreatment NLR (and consequently the change in the 
NLR) in response to pembrolizumab have been reported to 
be significantly associated with the OS in advanced 
UC.7,17 In brief, both pre- and posttreatment factors’ 
changes can be significant factors in predicting an 
improved prognosis.

Eosinophils are known to play an important role in 
parasitic and allergic diseases, and the number of periph-
eral blood eosinophils is known to be increased in those 

Figure 1 The overall survival in patients treated with pembrolizumab according to the pretreatment relative eosinophil count and neutrophil-to-eosinophil ratio. *P values 
are reported.

Table 2 Changes in the Relative Eosinophil Count and Neutrophil-to-Eosinophil Ratio Before and Three Weeks After Pembrolizumab

Eosinophils Controlled Disease (n=56) Progressive Disease (n=49) P value

Before pembrolizumab initiation
REC (%), median (IQR) 2.1 (0.8–4.9) 1.8 (0.9–4.1) 0.339

NER, median (IQR) 29.9 (11.8–79.5) 38.4 (18.0–76.1) 0.304

3 weeks later after pembrolizumab initiation

REC (%), median (IQR) 3.5 (1.6–6.3) 1.9 (0.9–4.7) 0.008
NER, median (IQR) 19.7 (8.7–37.6) 33.4 (12.6–85.2) 0.004

Note: Patients with controlled disease included those with a complete response, partial response and stable disease. 
Abbreviations: REC, relative eosinophil count; IQR, interquartile range; NER, neutrophil-to-eosinophil ratio.
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patients.18 In addition, eosinophils can invade the tumor 
microenvironment and may enhance the antitumor 
response via degranulation with direct cytotoxic effects 
on cancer cells.19–21 Recently, eosinophils were shown to 
be associated with the efficacy of ICIs in melanoma,8 lung 
cancer,9 renal cell carcinoma (RCC)10 and UC.22 In UC, it 
was reported that a low pretreatment eosinophil count 
(<100 cells/μL) was associated with poorer outcomes fol-
lowing treatment with ICIs than a higher count. An early 
increase in the peripheral eosinophil count at weeks 2 or 3 
was observed, but changes in eosinophil counts at weeks 2 
or 3 and 6 were not clearly associated with outcomes.22 

The present study did not show that the pretreatment REC 
(REC ≥4.8% and <4.8%) was associated with a significant 
difference in the OS (p=0.997), but posttreatment changes, 
namely an increased REC at 3 weeks after pembrolizu-
mab, were an independent prognostic factor (P=0.002). 
Several factors, such as the sample size, kind of ICI, 
timing of the eosinophil count and the cut-off value of 
eosinophils, might be responsible for the discrepant clin-
ical outcomes between the present and previous studies.

Recently, a new inflammation-based prognostic score 
related to eosinophils, the neutrophil-to-eosinophil ratio 
(NER), was reported as a predictive biomarker in RCC.23 

The Phase 3 JAVELIN Renal 101 trial demonstrated 
improvements in the progression-free survival (PFS) and 
increased objective response rates for advanced RCC 
patients treated with avelumab and axitinib compared to 
those treated with sunitinib.24 A secondary analysis of the 
JAVELIN Renal 101 trial assessing the association 
between the NER and oncologic outcomes among patients 

receiving avelumab and axitinib and sunitinib was 
reported. Regarding patients randomized to avelumab and 
axitinib, the objective response rate was higher (63.9% vs 
55.2%) and the median PFS longer (15.5 vs 11.1 months) 
for patients with an NER below the median than in those 
with a median or better NER, while there were no major 
differences in outcomes for patients treated with sunitinib. 
On assessing the PFS and OS, the stratified HR for 
patients with NER values below the median compared to 
those with NERs equal to or above the median was 0.81 
(95% CI, 0.630–1.035, p=0.046) and 0.67 (95% CI, 0.481– 
0.940, p=0.010) for patients treated with avelumab and 
axitinib. To our knowledge, there have been no reports 
concerning the relationship between the NER and the OS 
in UC. In addition, the present study was the first to 
analyze the relationship between changes in the NER and 
the OS on immunotherapy in malignant tumors.

It was previously reported that a decreased NLR after 
pembrolizumab was significantly correlated with a better 
outcome in cases of UC. Therefore, theoretically, it would 
be expected that a decreased NER would also be corre-
lated with a better outcome. In the present results, there 
was no marked difference in the OS according to the 
pretreatment NER value as assessed by an ROC analysis 
(NER ≥13.7 and <13.7), but a decreased NER after pem-
brolizumab treatment was significantly associated with an 
improved OS (p=0.022). The changes in the REC and 
NER at three weeks after pembrolizumab were associated 
with an improved OS, and changes in these factors may 
become a convenient and low-cost predictive marker in 
clinical practice, able to be evaluated early in treatment.

Figure 2 The overall survival in patients treated with pembrolizumab according to the change of relative eosinophil count and neutrophil-to-eosinophil ratio at three weeks 
after pembrolizumab. *P values are reported.
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Several limitations associated with the present study war-
rant mention. This study was retrospective in nature and had 
a limited number of patients with a short-term follow-up 
period; therefore, our findings should be validated in large 
prospective studies with long-term follow-up. This study 
included patients with bladder UC alone, upper urinary tract 
UC alone and both together. Therefore, this was 
a heterogeneous group, which might have affected the results. 
Furthermore, the patients were heterogeneous in terms of the 
regimens, dosing schedule and lines of prior systemic che-
motherapy due to the multicenter setting. In addition, we 
analyzed the early changes in REC and NER but did not 
analyze the long-term REC and NER values in this study.

Conclusion
Posttreatment changes related to eosinophils, namely an 
increased REC and decreased NER, may be significant 
early predictive markers of improved clinical outcomes 
in patients with advanced UC receiving pembrolizumab 
after platinum-based chemotherapy.

Abbreviations
ICIs, immune checkpoint inhibitors; UC, urothelial car-
cinoma; PD-1, programmed death 1; CBC, complete 
blood count; REC, relative eosinophil counts; NER, 
neutrophil-to-eosinophil ratio; ROC, receiver operating 
characteristics; OS, overall survival; IQR, interquartile 

Table 3 The Univariate and Multivariate Analyses of the Factors Associated with the Overalls Survival in Patients Receiving 
Pembrolizumab Treatment

Univariate Multivariate

Variable HR (95% CI) p-value HR (95% CI) p-value

Age 0.998 (0.971–1.028) 0.911

Sex Male 1 1

Female 2.141 (1.244–3.687) 0.006 1.544 (0.794–3.001) 0.200

ECOG PS 0 1 1

1 2.127 (1.173–3.855) 0.013 1.820 (0.932–3.555) 0.079
≥2 8.654 (4.069–18.402) <0.001 4.017 (1.618–9.975) 0.003

Primary tumor site Bladder 1
Upper urinary tract 1.327 (0.728–2.419) 0.356

Bladder + upper urinary tract 1.116 (0.544–2.287) 0.765

Histology Pure UC 1

Mixed UC 0.750 (0.367–1.534) 0.431

Albumin ≥3.7 g/dl 1 1

<3.7 g/dl 3.408 (1.959–5.929) <0.001 2.744 (1.438–5.236) 0.002

LDH <246 U/L 1 1

≥246 U/L 2.135 (1.173–3.887) 0.013 2.436 (1.228–4.829) 0.011

Disease site (including primary organ) 1 organ 1 1

2 organs 1.285 (0.599–2.757) 0.519 2.093 (0.891–4.921) 0.090
≥3 organs 2.772 (1.527–5.031) <0.001 2.324 (1.149–4.702) 0.019

Pretreatment REC <4.8 1
≥4.8 1.000 (0.537–1.867) 0.997

Pretreatment NER <13.7 1
≥13.7 1.142 (0.621–2.098) 0.669

Posttreatment REC (3 weeks later) Increased 1 1
Decreased 2.797 (1.643–4.763) <0.001 31.298 (3.724–263.048) 0.002

Posttreatment NER (3 weeks later) Decreased 1 1
Increased 2.254 (1.327–3.829) 0.003 11.563 (1.430–93.481) 0.022

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; UC, urothelial carcinoma; LDH, lactate dehydrogenase; REC, relative eosinophil 
count; NER, neutrophil-to-eosinophil ratio.
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range; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status.
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