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Abstract. Data on the C‑reactive protein (CRP) flare response 
in patients with metastatic and unresectable urothelial carci‑
noma (mUC) are limited. The present study aimed to clarify 
the clinical significance of the CRP flare response in patients 
with mUC who received pembrolizumab. Between March 
2018 and December 2022, patients with mUC who received 
pembrolizumab following chemotherapy were retrospectively 
reviewed. Patients were categorized into three groups based on 
the early kinetics of CRP: i) Flare‑responders, in which CRP 
levels increased >2‑fold from baseline (BL) within 1 month 
after pembrolizumab administration (CRP flare) and decreased 
to below‑BL levels within 3 months; ii) responders, in which 
CRP levels decreased ≥30% from baseline within 3 months 
without CRP flare; and iii) non‑responders, which included the 
remaining patients. Tumor response, survival and incidence of 
immune‑related adverse events (AEs) were compared between 
the groups. Of the 108 eligible patients, 17 (16%), 27 (25%) and 64 

(59%) were classified as CRP flare‑responders, CRP responders 
and CRP non‑responders, respectively. Objective response 
rate was higher in CRP flare‑responders and CRP responders 
than in CRP non‑responders. Progression‑free survival and 
overall survival were longer in CRP flare‑responders and 
CRP responders than in CRP non‑responders. Among CRP 
flare‑responders, patients with low BL CRP levels had a better 
tumor response and survival than patients with high BL CRP 
levels. Notably, there was no difference in the incidence of 
immune‑related AEs. In patients with mUC who received 
pembrolizumab, CRP flare‑responders showed favorable 
oncological outcomes; therefore, BL CRP levels could predict 
oncological outcomes in CRP flare‑responders.

Introduction

Urothelial carcinoma (UC) is a common urological malig‑
nancy, and UC of the urinary bladder is the ninth most common 
cancer in the world (1), furthermore, approximately 5‑10% of 
patients have metastatic disease at the time of diagnosis (2,3). 
Although platinum‑based chemotherapy has been performed 
as standard first line treatment in patients with metastatic 
and unresectable urothelial carcinoma (mUC), the prognosis 
was poor with a median overall survival of approximately 
15 months (4). Furthermore, no survival‑prolonging subse‑
quent therapy following to the platinum‑based chemotherapy 
was available for a long period.

In recent years, immune checkpoint inhibitors (ICIs) 
have been widely used to treat malignancies. Pembrolizumab 
demonstrated survival benefit in patients with mUC who had 
received systemic chemotherapy (5) and has been approved as 
subsequent treatment following prior chemotherapy in Japan. 
Longer survival was observed in patients with mUC treated in 
the recent era compared with those treated before pembroli‑
zumab was approved (6).
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Although pembrolizumab can be beneficial for patients with 
mUC, only a few patients experienced clinical responses (5). 
Additionally, some patients developed immune‑related adverse 
events (irAEs), which can be serious. By contrast, a long dura‑
tion of response was reported in patients with response (7); 
therefore, development of biomarkers that predict pembroli‑
zumab response is expected.

An exploratory analysis for biomarkers using data from 
the randomized phase III KEYNOTE‑045 trial revealed 
that patients with a higher tumor mutation burden and 
T‑cell‑inflamed gene expression demonstrated better response 
to pembrolizumab than those without (8). However, in clinical 
practice, these biomarkers cannot be measured easily.

C‑reactive protein (CRP) is a representative acute phase 
reactant that is widely used to evaluate systemic inflammation. 
In addition, continued increasing of CRP levels been proven 
to be an indicator of chronic inflammation associated with 
many diseases such as obesity (9), cardiovascular disease (10), 
and also malignant tumors (11). Furthermore, chronic inflam‑
mation can contribute to initiation, promotion, growth, and 
invasion of tumors (12). Inflammation also affects the response 
to therapy, the association between the systemic inflammation 
and poor prognosis was reported in many cancers (13,14). In 
addition, the relation between serum CRP levels and onco‑
logical outcome has also been investigated in patients with 
several malignancies received ICI. Elevated the pretreatment 
CRP levels were found to be associated with the poor outcome 
in patients with many cancers treated with ICI, including 
UC, melanoma, lung cancer, renal cell carcinoma, and other 
cancers (15). Moreover, the relationship between changes in 
CRP levels with ICI treatment and oncological outcome have 
also been studied in patients with renal cell carcinoma and 
UC. Among patients with high pretreatment CRP levels, the 
patients with decreased CRP levels after initiation of ICI 
showed better survival comparing to those without (16,17).

In patients with mUC who were treated with pembrolizumab, 
both baseline (BL) CRP levels and post‑treatment changes have 
been associated with the efficacy of pembrolizumab (17‑19). 
The association between early CRP elevation (CRP flare 
phenomenon) and the efficacy of ICI therapy was first reported 
in non‑small cell lung cancer (20). Patients with renal cell 
carcinoma who demonstrated a decrease in CRP levels below 
BL following flare phenomenon (CRP flare‑response) showed 
favorable oncological outcome (21). We previously observed that 
patients with mUC treated with pembrolizumab showed a favor‑
able outcome after the CRP flare‑response (22). However, we 
could not perform detailed investigation for clinical significance 
of the CRP flare‑response because of a small cohort, which 
included only three patients with CRP flare. Additionally, only 
one more study has investigated the association between CRP 
flare and oncological outcome in patients with mUC (23); thus, 
data on the clinical significance of CRP flares are limited. In 
this study, we used a multicenter cohort to investigate the impact 
of CRP flares on clinical outcome in patients with advanced UC 
treated with pembrolizumab.

Materials and methods

Study population. The inclusion criteria were patients aged 
18 years or older with histologically confirmed mUC of the 

urinary tract. Patients had previously received systemic chemo‑
therapy and subsequent pembrolizumab between March 2018 
and December 2022 at one academic center (University of 
Occupational and Environmental Health) and six general hospi‑
tals (Kokura Memorial Hospital, Munakata Suikokai General 
Hospital, Shin‑kokura Hospital, Shin‑yukuhashi Hospital, 
Kitakyushu City Yahata Hospital, and Moji Medical Center). A 
total of 110 patients were included in this study and their median 
age and the range of age were 74 and 40 to 86 years old, respec‑
tively. Patients who developed infectious disease within 3 months 
of pembrolizumab administration and patients with insufficient 
data on CRP were excluded because evaluation of early CRP 
kinetics cannot be performed correctly. This retrospective, 
multicenter study was approved by the Ethics Committee of the 
University of Occupational and Environmental Health, Japan 
(UOEHCRB20‑180), the ethics committee of Kokura Memorial 
Hospital (22092002E), the Ethics Committee of Munakata 
Suikokai General Hospital (22003), the Ethics Committee of 
Shin‑kokura Hospital (2022‑002), the Ethics Committee of 
Shin‑yukuhashi Hospital (R3‑35), the Ethics Committee of 
Kitakyushu City Yahata Hospital (20220510), and the Ethics 
Committee of Moji Medical Center (04‑05). This study was 
conducted in accordance with the ethical guidelines of the 
Declaration of Helsinki.

Study design. Patients received intravenous infusion of 
pembrolizumab once every 3 (200 mg) or 6 (400 mg) weeks and 
continued use until disease progression or unacceptable adverse 
events (AEs) were observed. Blood parameters, including CRP 
levels, were tested at BL and at least every 3 weeks within 
3 months after starting pembrolizumab therapy. Chest and 
abdominal computed tomography scans were performed 
before initiation of pembrolizumab therapy and repeated every 
8‑12 weeks at the physician's discretion. Best overall response 
(BOR), progression‑free survival (PFS), overall survival (OS), 
and incidence of irAEs were compared between the groups 
divided based on early CRP kinetics. BOR was defined as 
the best tumor response achieved during pembrolizumab 
treatment and assessed according to the Response Evaluation 
Criteria in Solid Tumor version 1.1. Objective response rate 
(ORR) was shown as the sum of complete and partial response 
rate. AEs were evaluated based on the Common Terminology 
Criteria for Adverse Events version 5.0. In addition, factors 
associated with PFS were investigated.

Definition of early CRP kinetics. According to the defini‑
tion of CRP kinetics (21), patients were grouped as follows: 
i) Flare‑responders, in which CRP levels increased to at 
least double from BL within the first month after initiation 
of pembrolizumab (CRP flare) and then decreased below BL 
within 3 months; ii) responders, in which CRP levels decreased 
by ≥30% from BL within 3 months without CRP flare; and 
iii) non‑responders, which included the remaining patients.

Furthermore, CRP flare‑responders were divided into 
two groups according to the median BL CRP value before 
pembrolizumab administration. Because several cutoff values 
of pretreatment CRP predicting the prognosis in patients with 
mUC who received pembrolizumab were reported and no 
established reference value was available (18,19,24‑26), the 
median value was used.
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Statistical analysis. Fisher's exact test was used for comparing 
BOR and incidence of irAEs among groups. OS and PFS 
were calculated from the first initiation of pembrolizumab 

until the last follow‑up or death from any cause and disease 
progression, respectively. Survival analysis was performed 
using the Kaplan‑Meier method and log‑rank test. Multivariate 

Table I. Patients characteristics stratified by early CRP kinetics.

Characteristic Non‑responder Responder Flare‑responder

Number of patients 64 27 17
Median age, years (IQR) 73 (67‑78) 75 (49‑81) 75 (66‑79)
Sex, n (%)   
  Male 50 (78)  20 (74)  11 (65) 
  Female 14 (22)  7 (26)  6 (35) 
Median BMI, kg/m2 (IQR) 23.3 (20.3‑25.2) 22.8 (20.4‑25.5) 20.6 (20.0‑23.3)
ECOG‑PS, n (%)   
  0 40 (63)  19 (70)  10 (59) 
  ≥1 24 (37)  8 (30)  7 (41) 
Primary lesion, n (%)   
  Upper tract 32 (50)  16 (59)  9 (53) 
  Bladder 28 (44)  10 (37)  7 (41) 
  Both 4 (6.2)  1 (3.7)  1 (5.9) 
Histological grade, n (%)   
  High grade 64 (100) 27 (100) 17 (100)
  G2 10 (16) 3 (11) 3 (18)
  G2>G3 6 (9.4) 4 (15) 1 (5.9)
  G3>G2 8 (13) 2 (7.4) 2 (12)
  G3 40 (63) 18 (67) 11 (65)
Histologic type (%)   
  Pure UC 44 (69) 23 (85) 14 (82)
  Squamous differentiation 15 (23) 3 (11) 1 (5.9)
  Glandular differentiation 1 (1.6) 0 (0) 1 (5.9) 
  Clear cell subtype 1 (1.6) 0 (0) 0 (0)
  Sarcomatoid subtype 1 (1.6) 1 (3.7) 0 (0)
  Giant cell subtype 1 (1.6) 0 (0) 0 (0)
  Nested subtype 1 (1.6) 0 (0) 0 (0)
  Plasmacytoid subtype 0 (0) 0 (0) 1 (5.9)
Hemoglobin, n (%)   
  ≥10 g/dl 36 (56)  15 (56)  10 (59) 
  <10 g/dl 28 (44)  12 (44)  7 (41) 
Liver metastasis, n (%)   
  Absence  48 (75)  23 (85)  15 (88) 
  Presence 16 (25)  4 (15)  2 (12) 
Prior treatment line, n (%)   
  1 54 (84)  24 (89)  16 (94) 
  ≥2 10 (16)  3 (11)  1 (5.9) 
Radical surgery, n (%)   
  Absence  28 (44)  14 (52)  7 (41) 
  Presence 36 (56)  13 (48)  10 (59) 
Time from prior chemotherapy, n (%)   
  ≥3 months  22 (34)  12 (44)  8 (47) 
  <3 months  42 (66)  15 (56)  9 (53) 
Median baseline CRP, g/dl (IQR) 0.80 (0.19‑4.05) 1.18 (0.35‑3.08) 0.32 (0.20‑1.97)

IQR, interquartile range; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PS, performance status; UC, urothelial carci‑
noma; CRP, C‑reactive protein.

https://www.spandidos-publications.com/10.3892/ol.2024.14736
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analysis was performed using the Cox proportional hazards 
regression model to identify PFS‑associated factors. P<0.05 
was considered to indicate a statistically significant differ‑
ence. Statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Foundation 
for Statistical Computing, Vienna, Austria) (27).

Results

During the study, 110 patients with mUC received pembroli‑
zumab as subsequent therapy following chemotherapy. One 
patient who had acute pyelonephritis 5 d after starting pembro‑
lizumab treatment and a patient who had insufficient CRP 
data was excluded from the study cohort. Thus, 108 eligible 
patients were included in this study and 17 (16%), 27 (25%), 
and 64 (59%) patients were grouped as CRP flare‑responders, 
CRP responders, and CRP non‑responders, respectively. In 
CRP non‑responders, more patients had histologic subtypes or 
divergent differentiation comparing to CRP flare‑responders 
and CRP responders. No remarkable difference was shown 
in the other patient characteristics among the three groups 
(Table I).

In BOR, ORR was 44, 48, and 16% in CRP flare‑responders, 
CRP responders, and CRP non‑responders, respectively 
(Fig. 1). The median follow‑up was 8.6 months, 90 patients 
developed progression and 81 died during the study. Forty 
patients received subsequent therapy: 10, 2, and 28 patients 
received platinum‑based chemotherapy, paclitaxel and 
gemcitabine therapy, and enfortumab vedotin, respectively, 
following pembrolizumab. In survival analysis, median 
PFS was 8.1 [95% confidence interval (CI) 4.1‑21.5] months 
for CRP flare‑responders, 5.9 (95% CI: 3.3‑15.6) months 
for CRP responders, and 2.6 (95% CI: 1.7‑4.2) months for 
CRP non‑responders, with significant differences between 
the groups (Fig. 2A). Median OS for CRP flare‑responders, 
CRP responders, and CRP non‑responders was 17.8 (95% 
CI: 8.2‑23.7) months, 15.2 (95% CI: 7.0‑27.9) months, and 7.9 
(95% CI: 5.3‑13.2) months, respectively (Fig. 2B). Between the 
groups, difference in the incidence of irAEs, including severe 
cases (≥grade 3) was insignificant (Table II).

CRP flare‑responders were further divided into two groups 
based on median BL (before initiation of pembrolizumab) 
CRP value (0.32 g/dl): CRP flare‑responders low BL and 
CRP flare‑responders high BL. In total, 8 and 9 patients were 
categorized as CRP flare‑responders low and high BL, respec‑
tively. CRP flare‑responders low BL included fewer patients 
with recent (<3 months) chemotherapy and low (<10 g/dl) 
hemoglobin compared with CRP flare‑responders high BL 
(Table SI). Comparison between the groups revealed higher 
ORR in the CRP flare‑responders low BL group than the CRP 

flare‑responders high BL group (63% vs. 25%). Although CRP 
flare‑responders low BL demonstrated the longest PFS (median 
21.5 months, 95% CI: 1.3‑not estimable), CRP flare‑responders 
high BL showed a similar PFS (median 6.3 months, 95% CI: 
2.1‑13.4) as CRP responders (Fig. 3A). CRP flare‑responders 
low BL demonstrated longer OS (median 31.4 months, 95% CI: 
4.7‑not estimable) compared with other groups, whereas CRP 
flare‑responders high BL had similar OS (median 8.9 months, 
95% CI: 1.7‑17.8) as CRP non‑responders (Fig. 3B). In multi‑
variate analysis to predict PFS, CRP flare‑responders low BL 
was a significant factor with lowest hazard ratio (Table III). 
Although severe (≥grade 3) irAEs were frequently observed 
in CRP flare‑responders low BL compared with CRP 
flare‑responders high BL (25% vs. 0%), the occurrence of all 
irAEs was similar between the groups (25% vs. 33%).

Discussion

In this study, we demonstrated that 16% of the patients 
with mUC treated with pembrolizumab showed the CRP 
flare‑response. A favorable tumor response and survival were 
observed in CRP flare‑responders and responders compared 
with CRP non‑responders. In CRP flare‑responders, patients 
with low BL CRP demonstrated better tumor response and 
survival than those with high BL CRP. The CRP flare‑response 
with low BL CRP levels was a significant favorable factor 
predicting PFS. Although no difference was shown in the 
occurrence of any grade of irAE, severe irAEs were most 
commonly observed in CRP flare‑responders low BL.

The association between the CRP flare‑response and 
oncological outcomes was reported in patients with several 
malignancies, such as renal cell carcinoma (21,28), non‑small 
cell lung cancer (29,30), hepatocellular carcinoma (31), head 

Table II. Immune‑related adverse events in each group according to early C‑reactive protein kinetics.

Grade of adverse events Non‑responder  Responder  Flare‑responder  P‑value

Any grade (%) 15 (23) 8 (29) 5 (29) 0.78
≥Grade 3 (%) 7 (11) 0 (0) 2 (12) 0.16

Figure 1. Best overall response for pembrolizumab in each group categorized 
by early C‑reactive protein kinetics. CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease.
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Figure 2. Kaplan‑Meier estimates of (A) progression‑free survival and (B) overall survival in patients divided into three groups by early C‑reactive protein 
kinetics.

Table III. Multivariate analysis to predict progression‑free survival in patients with metastatic and unresectable urothelial carci‑
noma who received pembrolizumab.

Factor Hazard ratio P‑value

Age (continuous) 1.00 (0.98‑1.03) 0.72
Sex (female) 1.81 (1.07‑3.05) 0.03
Hemoglobin (<10 g/dl) 1.33 (0.83‑2.14) 0.24
ECOG‑PS (≥1) 1.25 (0.78‑2.00) 0.35
Time from prior chemotherapy (<3 months) 1.61 (1.00‑2.60) 0.05
Liver metastasis (presence) 1.54 (0.89‑2.67) 0.13
CRP responder 0.46 (0.26‑0.79) 0.01
CRP flare‑responder high BL 0.46 (0.21‑1.04) 0.06
CRP flare‑responder low BL 0.31 (0.12‑0.80) 0.02

ECOG, Eastern Cooperative Oncology Group; PS, performance Status; CRP, C‑reactive protein; BL, baseline.

Figure 3. Kaplan‑Meier estimates of (A) progression‑free survival and (B) overall survival in patients stratified by early CRP kinetics and BL CRP levels (only 
flare‑responders). BL, baseline; CRP, C‑reactive protein.

https://www.spandidos-publications.com/10.3892/ol.2024.14736
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and neck cancer (32), and urothelial carcinoma (22,23), treated 
with ICI. In patients who received ICI, the CRP flare‑response 
was observed in approximately 10‑25% of the patients. 
Consistent with our data, 17% of the patients with UC showed 
the CRP flare‑response (23).

In the studies investigated the CRP flare‑response, whereas 
the better tumor response and survival in patients with the CRP 
flare‑response compared with those of the CRP responders 
and non‑responders was reported (21,29,31), several studies 
showed that there was not much difference in oncological 
outcomes between CRP flare‑responders and responders as 
well as our results (23,28,30,32). Interestingly, in this study, 
tumor response and survival were greatly different between the 
groups depending on BL CRP among CRP flare‑responders. 
Although favorable oncological outcomes were observed in 
CRP flare‑responders low BL, tumor response and survival in 
CRP flare‑responders high BL, as well as non‑responders, was 
low. In patient characteristics of CRP flare‑responders, CRP 
flare‑responders high BL had several poor prognostic factors; 
however, CRP flare‑response with low BL was a significantly 
independent predictive factor associated with favorable PFS. 
These results suggest that patients with the CRP flare‑response 
were an immunologically heterogeneous population. In patients 
with mUC who were categorized as CRP flare‑responders, the 
duration to decrease below BL CRP levels was the predicting 
factor associated with efficacy of pembrolizumab (23). 
CRP BL levels were one of the biomarkers to classify CRP 
flare‑responders according to ICI efficacy. In the tumor 
microenvironment, elevated BL CRP levels indicated chronic 
inflammation that causes or contributes to immunosuppres‑
sion (33). High CRP levels induced an immunosuppressive 
microenvironment (34). Differences in the condition of the 
tumor microenvironment might have affected the oncological 
outcomes between CRP flare‑responders low and high BL.

In this study, no significant association was observed 
between the incidence of irAE and the groups stratified by early 
CRP kinetics. The relationship between the CRP flare‑response 
and development of AE has not been fully investigated; only 
one study reported no relation between them (23). The asso‑
ciation between irAE development during ICI and favorable 
oncological outcomes was reported (35). Additionally, elevated 
levels of serum CRP during ICI were associated with the 
development of irAEs (36). Although the number of patients 
was small in our study, CRP flare‑responders low BL most 
frequently showed severe irAEs. Therefore, careful observa‑
tion performing blood tests or imaging might be important 
regarding the occurrence of irAE when patients with low BL 
CRP levels showed the CRP flare‑response.

Furthermore, 0.32 g/dl was used as the cutoff of CRP value 
to further divide CRP flare‑responders into two groups in this 
study. Several studies reported the usefulness of baseline 
CRP value as a biomarker predicting the prognosis in patients 
with mUC treated with pembrolizumab, however, various 
cutoff values were reported and optimal cutoff value has not 
been established (18,19,24‑26). Although we used median as 
the cutoff value, approximately 0.5 g/dl was often used and 
not different from our cutoff value (18,19,24). Therefore, we 
believe our cutoff value was acceptable.

This study has several limitations. First, this study was 
retrospective; therefore, unavoidable selection biases and 

confounders may be included in the results. In fact, the 
histologic subtypes or divergent differentiation were more 
commonly observed in CRP non‑responders comparing to 
CRP flare‑responders and CRP responders. There are few 
studies have investigated the outcomes of systemic therapy 
for mUC with subtype of UC (SUC), defined here as UC 
with any histologic subtype or divergent differentiation. In 
patients with mUC treated with systemic chemotherapy, 
poor survival was observed in patient with SUC compared to 
those with pure UC (37,38). In contrast, studies investigated 
in patients with mUC treated with pembrolizumab reported 
that the tumor response and survival between patients with 
pure UC and patients with SUC were comparable (39,40). 
Although the impact on response to systemic therapies in 
patients with SUC remains unclear, the difference of histo‑
logic features among the groups may affect the results in 
our study. Moreover, we excluded patients who developed 
infectious disease within 3 months of pembrolizumab 
administration and patients with insufficient data on CRP. 
However, we believe there was little impact on the results 
because only two patients were excluded in our cohort. 
Additionally, molecular testing data, such as expression 
of programmed cell death ligand 1, and tumor mutation 
burden were not investigated. Although these data were 
important for investigating factors predicting oncological 
outcomes in patients treated with ICI, we could not collect 
the data because these immunohistochemical analyses are 
not covered by national insurance and cannot be routinely 
performed in daily practice in Japan.

In conclusion, patients with mUC who showed the CRP 
flare‑response demonstrated favorable oncological outcomes, 
comparable with CRP responders. Furthermore, CRP levels 
before initiation of pembrolizumab could predict oncological 
outcomes in CRP flare‑responders. Better tumor response and 
survival were expected in CRP flare‑responders with low BL 
CRP levels than those with high BL CRP levels. However, 
careful follow‑ups might be necessary to detect severe irAEs 
as early as possible for CRP flare‑responders with low BL 
CRP levels.
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