
Abstract. Background/Aim: Predicting the prognosis of
metastatic urothelial carcinoma (mUC) patients is needed for
clinical decisions. We examined the value of a modified
Glasgow prognostic score (mGPS) as a predictive marker for
mUC patients. Patients and Methods: In a multicenter study,
68 mUC patients received short hydration gemcitabine/
cisplatin (shGC) and 74 received pembrolizumab (PEM).
Patients were allocated according to mGPS. Progression-free
(PFS) and cancer-specific (CSS) survival were examined.
Results: Higher mGPS reflected poorer PFS and CSS in
shGC (p=0.03, p<0.0001, respectively) and PEM (p=0.02,
p<0.001, respectively) patients. PFS for the high mGPS
group was longer than that of the low mGPS group in the two
cohorts (p <0.0001 for both), with similar CSS results
(p<0.0001 and p<0.001, respectively). Multivariate analyses
revealed high mGPS was a risk factor for poor CSS in both
cohorts (HR=3.55, p<0.001, and HR=2.21, p<0.01,
respectively). Conclusion: In the mUC patients receiving
shGC or PEM, mGPS was a predictive prognostic marker.

The incidence of bladder cancer is rising but the mortality
rate has recently become reduced with improved treatment

(1). However, for patients with metastatic urothelial
carcinoma (mUC) the 5-year survival rate is approximately
5% and its prognosis appears poor (2). Evidence from
several regimens has been used to improve the prognosis of
mUC. Cisplatin-based chemotherapy is recommended as
first-line treatment for mUC in National Comprehensive
Cancer Network (NCCN) guidelines (3, 4). For decades,
evidence from second-line therapy has been lacking.
Recently, the efficacy of pembrolizumab (PEM) was
described (5), which became the preferred regimen of
second-line therapy for mUC under NCCN guidelines (4).
However, the optimal timing of a switch in drug has not been
established and a definitive prognostic marker for supporting
drug selection is lacking. In this regard, useful biomarkers
have appeared to assist physicians in identifying the timing
of the cessation of the administration of drugs that lost their
efficacy over time in patients with advanced cancers.  

Several evaluation methods related to nutrition or
inflammation have been identified that can be used to assess
the prognosis of cancer patients. Useful prognostic markers
for mUC based on drugs have been reported previously.
Predictive factors for the prognosis of patients with mUC
who received cisplatin-based chemotherapy are: performance
status (PS), hemoglobin levels, and liver metastasis (6).
Sarcopenia, a quantitative measure of a loss in muscle mass
and strength, is as a prognostic marker of patients with mUC
who received gemcitabine and cisplatin (GC) (7). In a
previous report, we described how the progression of
sarcopenia was also considered a predictive marker of
overall survival as found in patients with mUC who
underwent gemcitabine and docetaxel treatment as second-
line therapy (8). In research on biomarkers using blood
samples, the neutrophil–lymphocyte ratio was also shown to
reflect the response of patients who showed muscle-invasive
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bladder cancer and who underwent chemotherapy that was
neoadjuvant cisplatin-based (9). Such biomarkers have
drawbacks and advantages, with the identification of patients
with a very poor prognosis being difficult. In particular,
albumin (Alb) is also known to reflect precise nutritional
conditions. We previously reported that after stratification as
two layers with one cut-off, a geriatric nutritional risk index,
one of the albumin-based biomarkers, predicted the survival
outcome of patients with mUC who received PEM (10).
Recently, a Glasgow prognostic score (GPS) and modified
GPS (mGPS), which are able to assess nutrition and
inflammation, have also been considered as biomarkers with
more stratification (11, 12). Such biomarkers are scores
based on Alb and C-reaction protein (CRP) levels. By
changing the cutoff of CRP to 0.5 mg/dl, mGPS could be
validated for Japanese people (12). Thus, we focused on the
usefulness of mGPS for patients with mUC as a predictive
marker of drug efficacy. 

Recently, the utility of mGPS has been described in a
meta-analysis in urological oncology (13). However, the
preoperative or postoperative mGPS are considered useful
markers based on prior reports. Importantly, no reports exist
regarding the utility of mGPS for assessing therapeutic
effects in the systemic treatment of mUC. We, therefore,
evaluated the utility of mGPS in the prognosis of Japanese
patients with mUC undergoing first- and second-line
treatment in a multicenter retrospective study. 

Patients and Methods

Study setting, patients and definitions. We set up two retrospective
cohorts in a multicenter study at Nagoya City University Hospital
and three affiliated institutions. One retrospective study was of
patients with mUC administered short hydration GC (shGC) as first-
line therapy from January 2016 to July 2020. The other was of
patients who were administered PEM as second-line therapy from
November 2016 to December 2019. Of these patients, 68 underwent
shGC as first-line therapy, and 74 patients underwent PEM as
second-line therapy. All patients were histologically diagnosed with
urothelial carcinoma by transurethral resection of bladder cancer or
cystectomy. Magnetic resonance imaging, computed tomography,
and bone scintigraphy were also conducted to determine TNM stage
based on the Union for International Cancer Control (8th edition).
Patient follow-ups were conducted with regular radiological
examinations, blood exams, cystoscopy, and urine cytology. The
effects of therapy were evaluated based on Response Evaluation
Criteria in Solid Tumors criteria (version 1.1). This study was
conducted after being approved by our institutional review board
(approval number: 60-18-0060). All patients supplied written
informed consent. 

Drug administration. Patients with shGC underwent first-line
chemotherapy. The following was our original regimen, which was
comparable with conventional GC (14): Patients were administered
gemcitabine (1,000 mg/m2) on days 1, 8, and 15, while cisplatin (70
mg/m2) and 2,000 ml of fluid were given on the first day. The cycle

used was 28 days. Second-line therapy, PEM, was conducted after
the failure of first-line cisplatin-based chemotherapy in this study.
All patients were administered PEM intravenously (200 mg/body)
every 3 weeks.

Clinical variables. The characteristics of patients and their progress
were derived from patients’ medical records. These included age,
gender, body mass index, height, weight, tumor status,
primary/metastatic site, objective response, total cycles of drug
administration and Eastern Cooperative Oncology Group
performance status (ECOG–PS). Peripheral blood tests were
conducted before the initial cycle of drug administration and used to
evaluate mGPS. Scores for mGPS were defined by combining serum
CRP and Alb levels as follows: mGPS 0, Alb ≥3.5 g/dl and CRP ≤0.5
mg/dl; mGPS 1, (1) Alb ≥3.5 g/dl and CRP >0.5 mg/dl or (2) Alb
<3.5 g/dl and CRP ≤0.5 mg/dl; mGPS 2, Alb <3.5 g/dl and CRP >0.5
mg/dl. We allocated patients with mUC to undergo shGC and PEM
therapies based on their mGPS score, and analyzed differences in
cancer-specific (CSS) and progression-free (PFS) survival. In this
study, CSS was designated as starting from when the initial drug was
administered to when death was caused by cancer. PFS was
designated as starting from the time when the initial drug was
administered to when cancer was shown to progress.

Statistical analysis. The Fisher’s exact test was useful in comparing
differences in categorical variables. We used a Kruskal-Wallis test
for ordinal and monotonic variables. Differences in CSS and PFS
were evaluated using a Kaplan-Meier method. Bonferroni
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Table I. Comparison of patient characteristics in the first-line shGC
treatment cohort.

Characteristics mGPS 0 mGPS 1 mGPS 2 p-Value
(n=28) (n=23) (n=17)

Median age, 73 75 66             0.15
years (range) (53-87) (49-86) (54-81)           

Gender, n (%)
Male 22 (78.6) 18 (78.3) 15 (88.2)        0.79
Female 6 (21.4) 5 (21.7) 2 (11.8)           

Primary site, n (%)
Upper urinary tract 10 (35.7) 13 (56.5) 8 (47.1)         0.35
Bladder 18 (64.3) 10 (43.5) 9 (52.9)           

Median BMI, 21.8 22.1 20.6          <0.05*
kg/m2 (range) (17.4-32.0) (15.1-33.8) (13.3-25.5)        

Metastatic site, n (%)
Lymph node alone 18 (64.3) 17 (73.9) 5 (29.4)       <0.05*
Visceral metastasis 10 (35.7) 6 (26.1) 12 (70.6)          

ECOG–PS, n (%)
0 25 (89.3) 20 (87.0) 10 (58.8)      <0.05*
1 3 (10.7) 3 (13.0) 7 (41.2)           

Objective response, 20 (71.4) 13 (56.5) 4 (23.5)       <0.01**
n (%)

Median total cycles 6 (2-12) 5 (2-11) 2 (2-8)       <0.01**
of shGC, n (range)

BMI, Body mass index; ECOG–PS, Eastern Cooperative Oncology
Group Performance Status; mGPS, modified Glasgow prognostic score;
shGC; short hydration gemcitabine and cisplatin. *p<0.05, **p<0.01
statistically significant.



adjustments were used for multiple testing. The correlation between
mGPS and CSS or PFS was examined by log-rank trend test.
Moreover, allocations of the two patient groups were based on
mGPS: low (mGPS 0 or mGPS 1), and high (mGPS 2). Differences
between two groups were assessed with a log-rank test. A Cox
proportional hazard regression model was employed to analyze
univariate and multivariate analyses. Statistical significance was
when p<0.05. EZR for R was used for all statistical analyses (R
Project, Vienna, Austria) (15). 

Results

Characteristics of patients who received shGC. The
characteristics of patients who received shGC are shown in
Table I. They were allocated to the three groups based on

mGPS: mGPS 0, mGPS 1, and mGPS 2. Significant
differences were not found between the three groups with
regard to age, gender, and primary site. However, BMI,
number of metastatic sites, ECOG–PS, objective response, and
total cycles of shGC were significantly different across groups. 

PFS and CSS of patients who received shGC. The PFS,
based on mGPS, is shown in Figure 1a. The PFS of patients
showing an mGPS of 0 was comparable to that of those with
mGPS 1 (p=1.000). The PFS of patients showing an mGPS
of 2 was found to be significantly shorter than that shown by
patients with an mGPS of 0 or 1 (p<0.01 and <0.01,
respectively). The higher mGPS correlated with poorer PFS
(p=0.027). 
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Figure 1. Kaplan-Meier curves of PFS and CSS in a first-line shGC treatment cohort. PFS (a) and CSS (b) of patients, grouped according to mGPS,
are shown. Comparison of PFS and CSS between low and high mGPS groups are shown (c, d). CSS, Cancer-specific survival; mGPS, modified
Glasgow prognostic score; PFS, progression-free survival; shGC, short hydration gemcitabine and cisplatin.



The CSS of the three groups is summarized in Figure 1b.
Patients with mGPS 0 showed a CSS that was comparable
with that of those with mGPS 1 (p=0.342). The CSS of
patients with an mGPS of 2 was found to be significantly
shorter than that of those with mGPS 0 or 1 (p<0.0001 and
<0.001, respectively). The higher mGPS tended to correlate
with a poorer CSS (p<0.0001). The PFS and CSS of the high
and low mGPS groups are shown in Figure 1c and 1d. The
high-mGPS group showed poor PFS and CSS compared with
the low mGPS group. 

Univariate and multivariate analyses of patients who
received shGC. Table II shows univariate and multivariate
statistical analyses of baseline parameters, and CSS in all 68
patients treated with first-line shGC. Age at the start of first-
line shGC and also gender did not statistically correlate with
CSS. ECOG–PS, visceral metastasis, and mGPS correlated
with CSS in univariate analysis. Multivariate analysis
revealed high mGPS as an independent risk factor (HR=3.55;
p<0.001). 

Characteristics of patients who received PEM. Table III
outlines the characteristics of patients who underwent PEM,
allocated to the three groups based on mGPS. Significant
differences were not found in age, primary/metastatic site,
BMI, first-line chemotherapy regimen, cycle of first-line
chemotherapy, and objective response between the three
groups. However, gender, ECOG–PS, and total cycles of
PEM were significantly different. 

PFS and CSS of patients who received PEM. Figure 2a
shows a comparison of PFS based on mGPS. The PFS of
patients with an mGPS of 0 was comparable to those with
an mGPS of 1 (p=1). The PFS of those patients with an
mGPS of 2 was significantly shorter than that of patients
with an mGPS of 0 or 1 (p<0.001 and <0.01, respectively).
A higher mGPS tended to correlate with a poorer PFS
(p=0.02). The CSS of the three groups is summarized in
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Table II. Univariate and multivariate analyses of baseline parameters, and cancer-specific survival in patients who received first-line shGC.

Univariate Multivariate 

Parameters HR 95% CI p-Value HR 95% CI p-Value

Age at start of 1st-line shGC, ≥70 vs. <70 0.78 0.36-1.688 0.5257 - - -
Gender, male vs. female 0.47 0.14-1.58 0.2256 - - -
ECOG–PS at start of 1st-line shGC, 1 vs. 0 4.22 1.68-10.57 <0.01** 2.05 0.748-5.60 0.16
Visceral metastasis at start of 1st-line shGC, 3.10 1.37-7.03 <0.01** 2.39 0.97-5.87 0.06
yes vs. no

mGPS at start of 1st-line shGC, 2 vs. 0, 1 4.19 2.254-7.78 <0.001*** 3.55 1.88-6.70 <0.001***

CI; Confidence interval, ECOG–PS; Eastern Cooperative Oncology Group Performance Status, HR; hazard ratio, mGPS; modified Glasgow
prognostic score, shGC; short hydration gemcitabine and cisplatin. **p<0.01, ***p<0.001.

Table III. Comparison of patients’ characteristics in second-line PEM
treatment cohort. 

Characteristics mGPS 0 mGPS 1 mGPS 2 p-Value
(n=23) (n=23) (n=28)

Median age, 72 70 75              0.62
years (range) (56-84) (50-84) (46-84)            

Gender, n (%)
Male 16 (69.6) 16 (69.6) 27 (96.4)      <0.05*
Female 7 (30.4) 7 (30.4) 1 (3.6)            

Primary site, n (%)
Upper urinary tract 11 (47.8) 14 (60.9) 10 (35.7)        0.21
Bladder 12 (52.2) 9 (39.1) 18 (64.3)          

Median BMI, 23.1 22.8 21.4            0.06
kg/m2 (range) (15.0-33.4) (18.5-39.8) (15.7-28.0)         

Metastatic site, n (%)
Lymph node alone 10 (43.5) 9 (39.1) 11 (47.8)        0.83
Visceral metastasis 13 (56.5) 14 (60.9) 17 (52.2)          

First-line chemotherapy 
regimen, n (%)

Gemcitabine and 16 (69.6) 16 (69.6) 17 (52.2)        0.78
cisplatin

Gemcitabine and 7 (30.4) 7 (30.4) 11 (47.8)          
carboplatin

Median total cycle 3 (1-10) 3 (1-10) 3 (1-15)         0.75
of first-line 
chemotherapy, 
n (range)

Median duration of 4.3 5.7 3.8             0.37
first-line  (1.0-14.8) (0.7-24.3) (0.4-28.4)          
chemotherapy,
months (range)

ECOG–PS, n (%)
0 15 (65.2) 17 (73.9) 10 (35.7)      <0.05*
1 8 (34.8) 5 (21.7) 15 (53.6)          
2 0 (0) 1 (4.4) 3 (10.7)           

Objective response, 7 (30.4) 5 (21.7) 4 (14.3)         0.384
n (%)

Median total cycles 6 4 3            <0.01**
of PEM, n (range) (2-20) (1-23) (1-16)             

BMI, Body mass index; ECOG–PS, Eastern Cooperative Oncology
Group Performance Status; mGPS, modified Glasgow prognostic score;
PEM, pembrolizumab. *p<0.05, **p<0.01, statistically significant.



Figure 2b. Patients with mGPS 0 showed a CSS that was
comparable with that of those with mGPS 1 (p=0.35).
Patients with mGPS 2 compared to those with mGPS 0
showed a CSS that was significantly shorter (p<0.01).
Patients with mGPS 2 tended to show a shorter CSS than
those with mGPS 1 but a significant difference was not
apparent (p=0.06). A higher mGPS tended to correlate with
a poorer CSS (p<0.001). The PFS and CSS of the high- and
low-mGPS groups are shown in Figure 2c and 2d. The high-
mGPS group showed poor PFS and CSS compared with the
low-mGPS group. 

Univariate and multivariate analyses of patients who
received PEM. Univariate and multivariate statistical

analyses of baseline parameters are shown in Table IV; the
CSS of all 74 patients treated with second-line PEM is
shown. ECOG–PS, visceral metastasis that occurred at the
initiation of second-line PEM, and mGPS correlated with
CSS in univariate analysis. Multivariate analysis revealed
ECOG–PS (HR=2.96; p <0.05) and high mGPS (HR=2.21;
p<0.01) were found to be risk factors. 

Discussion

In reference to other cancers, the utility of mGPS as a
prognostic marker of the therapeutic effects of systemic
therapy, including molecular-targeted drugs that are effective
against advanced renal cell carcinoma (16), and the
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Figure 2. Kaplan-Meier curves of PFS and CSS in a second-line PEM treatment cohort. PFS (a) and CSS (b) of patients grouped according to
mGPS are shown. Comparisons of PFS and CSS between low and high mGPS groups are shown (c, d). CSS, Cancer-specific survival; mGPS,
modified Glasgow prognostic score; PEM, pembrolizumab; PFS, progression-free survival.



administration of nivolumab that is used for metastatic or
recurrent head and neck squamous cell carcinoma, (17) have
been reported. In urothelial cancer, the mGPS has been
described as a prognostic factor of non-muscle invasive
urothelial cancer used after a transurethral resection of the
bladder, with or without intravesical therapy (18). A high
mGPS score was also identified as a risk factor in the
recurrence of cancer and as a predictive marker of overall
survival in patients who underwent radical cystectomy (19,
20). In upper tract urothelial carcinoma, mGPS was found to
be as a prognostic marker after nephroureterectomy (21).
However, no report exists concerning mGPS and systemic
therapy in mUC.  

In this study, we used two retrospective cohorts to assess
whether mGPS had value as a prognostic marker in those
patients having mUC who received first-line shGC or
second-line PEM. With regard to CSS, the prognosis of
patients with mUC before shGC or PEM was predictive
according to mGPS. As shown in Figure 1, because it was
unable to distinguish between the PFS of patients with mUC
and a mGPS 0 or 1 in each cohort, we analyzed whether
mGPS in a high or low setting cutoff as mGPS 1 could be
predictive of CSS and PFS. We found that mUC patients
with mGPS 2 showed a poor prognosis in each cohort and
that mGPS was able to identify patients with a poor
prognosis in these settings. This study is the first report to
suggest the efficacy of mGPS in the therapeutic stratification
of patients with mUC. 

It is known that ECOG–PS is an established marker for
predicting the effects of systemic therapy (6). Above all, with
regard to patients in ECOG–PS 2, the prognosis of those
who received PEM was comparable with that of patients who
received chemotherapy as second-line therapy (5). However,
an important issue is that the subjective determination of
ECOG–PS was mainly dependent on individual clinicians,
which might have caused observational bias. On this point,
mGPS could be considered an objective marker because it is
scored based on the results of a blood examination. In our

study, with regard to the mGPS 2 group in first-line shGC
cohorts, no ECOG–PS 2 patients were enrolled. With regard
to the mGPS 2 group in second-line PEM cohorts, even
though approximately 90% of patients were ECOG-PS 0 or
1, they could only receive three cycles of PEM. In these
analyses, patients with mUC could be finely stratified
according to mGPS; we could identify patients with a poor
prognosis, although these could not be distinguished by
ECOG–PS. 

Identifying poor prognostic patients for systemic therapy
is a very important issue for determining treatment strategies.
The early application of palliative care was shown to
enhance the quality of life and mood of cancer patients as
well as also potentially improving the prognosis (22).
Furthermore, according to an analysis by Greer et al. (23) of
151 newly diagnosed patients with metastatic lung cancer,
receiving early palliative care together with standard
oncological care might lead to optimizing when to administer
the final chemotherapy and the uptake of hospice services
compared to standard care alone. In other words, identifying
the appropriate timing of instituting palliative therapy is
beneficial for patients with a poor prognosis, even in
receiving systemic treatment. In this study, approximately
80-90% of patients with mGPS 2 prior to first-line shGC and
second-line PEM died within 12 months after the initiation
of drug administration. A prognosis for all patients might not
be necessary, however, clinicians should estimate the precise
prognosis before starting systemic therapy. Stratification by
using mGPS for predicting the prognosis is convenient and
needs no additional examinations except for blood samples.
Screening patients with mUC using mGPS might inform
decision-making, including whether to change or stop drug
therapy for those with a poor prognosis. A further large-
cohort prospective analysis is warranted to evaluate this
strategic approach when selecting patients with mUC. 

There are several advantages in this study. First, mGPS is
an easily accessible marker for evaluating the condition of
the patients. It requires only the result of blood examination
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Table IV. Univariate and multivariate analyses of baseline parameters, and cancer-specific survival in patients who received second-line PEM.

Univariate Multivariate 

Parameters HR 95% CI p-Value HR 95% CI p-Value

Age at start of 2nd-line PEM, ≥70 vs. <70 1.03 1.00-1.07               0.09 - -                       -
Gender, male vs. female 1.53 0.67-3.45               0.31 - -                       -
ECOG–PS at start of 2nd-line PEM, 2 vs. 0, 1 3.56 2.03-6.25             <0.001*** 2.96 1.18-7.43            <0.05*
Visceral metastasis at start of 2nd-line PEM, 3.09 1.51-6.31             <0.01** 2.27 0.86-5.98               0.10
yes vs. no

mGPS at start of 2nd-line PEM, 2 vs. 0, 1 2.06 1.37-3.11             <0.001*** 2.21 1.30-3.78            <0.01**

CI, Confidence interval; ECOG–PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; mGPS, modified Glasgow
prognostic score; PEM, pembrolizumab. *p<0.05, **p<0.01 statistically significant.



and does not involve extra costs. Second, mGPS is objective
compared to ECOG-PS because it does not reflect the
subjectivity of the physician. Third, this is the first study to
suggest the efficacy of mGPS in the therapeutic stratification
of patients with mUC. The disadvantages of this study are
that it does not provide the way to improve the prognosis.
Whether improving mGPS leads to improved prognosis is
still unclear. 

Several limitations were apparent in this investigation.
First, post-treatments with shGC and pre-or post-treatments
with PEM were not united. Therefore, a selection bias in
treatments was considered to influence the prognosis.
Regardless, in patients with mUC who received systemic
treatment, mGPS was assessed as an effective and practical
prognostic biomarker for survival outcome.

In conclusion, we found that mGPS is a predictive marker
of prognosis in patients who received first-line shGC or
second-line PEM. The pretreatment mGPS is a feasible
prognostic marker. It helps recognize the prognosis or
therapeutic effects at the initiation of drug therapy and is useful
for both patients and clinicians in their decision-making. 
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