
Abstract. Background: Combination chemotherapy with
gemcitabine and cisplatin is the standard first-line treatment for
advanced urinary tract urothelial cancer. Carboplatin is often
substituted for cisplatin in patients who are cisplatin-ineligible,
such as those with a glomerular filtration rate less than 
60 ml/min. However, carboplatin-based chemotherapy has not
been not confirmed as meeting the standard of care based on
randomized controlled trials, and it is still unclear whether
carboplatin can offer prognosis comparable to that with
cisplatin. Patients and Methods: Patients with advanced
urothelial cancer who underwent gemcitabine/cisplatin (GC)
split or gemcitabine/ carboplatin (GCarbo) for renal dysfunction
with a glomerular filtration rate of approximately 40-60 ml/min
between 2008 and 2015 were chosen and reviewed using their
charts. Patients with normal renal function treated with GC were
also reviewed as a reference group. Results: A total of 41
patients, including 10 treated with GCsplit, 16 treated with
GCarbo, and 15 treated with GC, were analyzed. The median
overall and progression-free survival in GCsplit and GCarbo
groups were 18.1 and 12.5 months (p=0.0454) and 9.9 and 6.4
months (p=0.0404), respectively. Neutropenia was relatively
more severe in the GCsplit group than the GCarbo group
(p=0.0103). Conclusion: GCsplit may be a better treatment
option for patients with advanced urothelial cancer with
cisplatin-ineligible renal function. However, a prospective
randomized controlled trial with a large-sized population is
warranted to confirm our preliminary results.

Localized upper urinary tract urothelial cancer and localized
muscle-invasive bladder cancer are usually treated with
nephroureterectomy and cystectomy; however, the incidence
of recurrence or metastasis is not rare (1). Systemic
chemotherapy, with or without metastasectomy, is required for
such patients, as well as for patients with inoperable advanced
urinary tract urothelial cancer (2). Platinum-based
chemotherapy is the first-line treatment for inoperable locally
advanced or metastatic urinary tract urothelial cancer
(LAMUC) (3). Gemcitabine/cisplatin (GC) was developed as
an alternative first-line treatment supported by similar clinical
efficacy and less severe adverse events (AEs) compared to the
conventional standard of care comprising methotrexate/
vinblastine/doxorubicin/cisplatin (4). Impaired renal function,
poor performance status, advanced age, and comorbidities
limit the use of cisplatin; thus, an alternative treatment
protocol with carboplatin was developed (5, 6). However, the
gemcitabine/carboplatin (GCarbo) protocol has not yet been
confirmed as meeting the standard of care based on
randomized controlled trials, and it is still unclear whether the
carboplatin-based chemotherapy can offer a prognosis
comparable to that with cisplatin-based chemotherapy.
Recently, a GCsplit protocol, in which the cisplatin dose is
split into 2 days (i.e. on days 2 and 3, or on days 2 and 9),
was proposed for patients with LAMUC who are ineligible for
cisplatin (7). However, as far as we are aware, no study has
compared GCsplit and GCarbo directly in terms of survival.
In this study, the effect of GCsplit protocol on survival was
retrospectively compared to that using GCarbo protocol for
patients with LAMUC with cisplatin-unfit renal function.

Patients and Methods
Protocols of chemotherapy. GC, GCsplit, and GCarbo were
administered using previously reported protocols, briefly: GC: 1,000
mg/m2 Gemcitabine (days 1, 8, and 15) and 70 mg/m2 cisplatin (day
2), every 4 weeks (4); GCsplit: 1000 mg/m2 gemcitabine (days 1,
8, and 15) and 35 mg/m2 cisplatin (days 2 and 3 or days 2 and 9),
every 4 weeks; GCarbo: 1,000 mg/m2 Gemcitabine (days 1 and 8)
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and carboplatin at an area under the curve (AUC) of 4.5 (day 1),
every 3 weeks (6). Chemotherapy was continued until disease
progression or emergence of any severe AEs.

Study population. Patients with LAMUC who underwent GCsplit or
GCarbo as a first-or second-line therapy for renal dysfunction unfit
for cisplatin with a glomerular filtration rate (GFR) of
approximately 40-60 ml/min between 2008 and 2015 were chosen
and reviewed using their charts. Patients with normal renal function
treated with GC between 2008 and 2015 were also reviewed as a
reference group. Patients who underwent these chemotherapies as
neoadjuvant or adjuvant treatments associated with total cystectomy
or nephroureterectomy were excluded from this study. 

Definition and outcomes. Application of GCsplit or GCarbo was
determined for patients with 40-60 ml/min of either estimated GFR
based on the patient’s serum creatinine level or 24-h creatinine
clearance with correction by body surface area. Physicians assigned
patients at their discretion to receive either GCsplit or GCarbo
therapy and determined the timing of cisplatin injections (days 2
and 3, or days 2 and 9) and AUC of carboplatin. Patients treated
with GCsplit and GCarbo were compared for background, response
in tumor size, overall survival (OS), and progression-free survival
(PFS) from the first of chemotherapy. The frequency and grade of
hematological AEs were also investigated using Common
Terminology Criteria for Adverse Events (CTCAE) v4.0 (8). The
new response evaluation criteria in solid tumors, Revised RECIST
guideline (version 1.1) (9), was used for response in tumor size
measured by computed tomography or magnetic resonance image
every 1 to 6 months.

Statistical analysis. Statistical analyses were performed using the
Prism software (GraphPad, San Diego, CA, USA). Comparisons
between the two groups were performed using unpaired two-sided
t-test, Fisher exact test, and Chi-square test for trend. The Kaplan–
Meier method was used to display OS and PFS, and the log-rank
test was used for statistical analyses. In all analyses, p-values less
than 0.05 were considered statistically significant.

Results
Patient background. A total of 10, 16, and 15 patients were
treated with GCsplit, GCarbo, and GC, respectively. There were
no differences in gender, age, median number of cycles
administered, primary site, history of resection of primary site,
and the rate of second-line use between the GCsplit and GCarbo
groups. However, more men and patients with resection of
primary site were included in the GCarbo group than in the
GCsplit group (Table I). Although there were significant
differences in serum creatinine and estimated GFR between the
GCsplit and GCarbo groups, there was no significant difference
in 24-h creatinine clearance corrected with body surface area
between these groups (Table II, Figure 1). 

Response in tumor size. Waterfall plots of the best response
rate in each group are shown in Figure 2. The overall response
rates (ORR), including complete response (CR) and partial
response (PR), in the GCsplit, GCarbo, and GC groups were

80%, 56%, and 67%, respectively (not significant, Table III).
CR in the GCsplit, GCarbo, and GC groups was 20%, 19%,
and 33%, respectively. In CR cases in each group, relatively
small tumors completely disappeared in both the GCarbo and
GC groups. Interestingly, an invasive huge mass of left renal
pelvic cancer in a case of the GCsplit group also completely
disappeared (Figure 3).

Overall survival and progression-free survival. PFS and OS
of patients treated with each protocol were estimated. The
PFS was significantly better for the GCsplit than for the
GCarbo group (p=0.0404). PFS at 1 year for the GCsplit,
GCarbo, and GC groups was 47.6%, 22.0%, and 20.7%,
respectively. The median PFS for the GCsplit, GCarbo, and
GC groups was 9.9, 6.4, and 5.3 months, respectively (Figure
4, left). The OS was also significantly better for the GCsplit
than for the GCarbo groups (p=0.0454). OS at 1 year for the
GCsplit, GCarbo, and GC groups was 80.0%, 55.1%, and
33.9%, respectively. The median OS for the GCsplit,
GCarbo, and GC groups was 18.1, 12.5, and 11.2 months,
respectively (Figure 4, right).

Frequency and grade of AEs. Neutropenia was significantly
more severe for the GCsplit group than the GCarbo group
(p=0.0103). All patients treated with GCsplit had grade 3 or
4 neutropenia, and 80% of the patients had grade 4
neutropenia. Conversely, although 81% of the patients treated
with GCarbo had grade 3 or 4 neutropenia, only 25% had
grade 4 neutropenia (Figure 5, left). In the GCarbo group, all
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Table I. Characteristics of patients treated with gemcitabine/cisplatin
(GC), GCsplit or gemcitabine/carboplatin (GCarbo). The GCsplit and
GCarbo groups did not differ significantly in these characteristics. 

Characteristic                      GCsplit              GCarbo*                   GC
                                            (n=10)                 (n=16)                  (n=15)

Gender
  Male                                 4                         12                           9
  Female                             6                           4                           6
Age, years
  Median (range)             73 (62-78)           76 (64-83)           71 (54-82)
No. of courses
  Median (range)               3 (1-5)                 3 (1-6)                 3 (1-5)
Primary site
  Bladder                            6                           6                         10
  UUT                                 4                         10                           5
Surgery
  Yes                                   3                           9                           3
  No                                    7                           7                         12
Second-line
  Yes                                   6                           8                           8
  No                                    4                           8                           7

*Median area under the curve was 5 (range=3-5). UUT: Upper urinary
tract. 



patients had grade 2 or severe anemia, and one patient had
grade 4 anemia. In the GCsplit group, 20% of the patients had
grade 1 anemia, and none of the patients had grade 4 anemia
(Figure 5, middle). There was no significant difference in the
severity of anemia between the GCsplit and GCarbo groups.
Regarding thrombocytopenia, the distribution of grade in both
GCsplit and GCarbo groups was almost similar and not
significantly different (Figure 5, right).

Discussion

Dogliotti et al. compared GCarbo with GC for patients who
were cisplatin-eligible with GFR>60 ml/min and showed
equality to GC in PFS, OS, and toxicity (10). However, ORR
in the GC and GCarbo groups was 65.9% and 56.4%,
respectively (10). Moreover, the sample size of their study was
relatively small, with a total of only 110 patients (10). Even if
the efficacy of GC and GCarbo are similar for patients who are
cisplatin-eligible, this is still not enough to confirm GCarbo as

the standard of care for patients who are cisplatin-ineligible.
GCarbo was also compared with methotrexate/carboplatin/
vinblastine (M-CAVI) for patients with renal function ineligible
for cisplatin with GFR<60 ml/min. It showed less toxicity and
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Table II. Characteristics of patients treated with gemcitabine/cisplatin (GC), GCsplit or gemcitabine/carboplatin (GCarbo) based on blood test
data. Values are the median (range). 

Characteristic                                                 GCsplit                                         GCarbo                                            GC                                   p-Value*
                                                                        (n=10)                                          (n=16)                                          (n=15)

WBC, ×103/μl                                            4.97 (2.00-10.3)                          6.09 (3.75-7.15)                           5.67 (3.61-15.2)                        0.6500
N/L ratio**                                                 3.6 (1.2-7.6)                                2.9 (1.5-7.7)                                 3.2 (1.5-19.7)                            0.5721
Hb, g/dl                                                    11.8 (6.5-13.0)                             11.5 (8.6-13.1)                             10.8 (7.0-15.7)                            0.3910
Platelet, ×104/μl                                       16.9 (10.3-50.4)                          22.7 (14.7-34.1)                           26.0 (14.4-76.7)                          0.6581
CRP, mg/dl                                                 0.25 (0-4.6)                                  0.65 (0-8.8)                                  0.70 (0.10-10.5)                        0.3235
TP, g/dl                                                       6.6 (4.5-7.3)                                6.9 (6.2-8.0)                                 6.6 (5.7-7.7)                              0.0804
Alb, g/dl**                                                 3.8 (1.9-4.2)                                3.8 (2.8-4.3)                                 3.2 (2.6-4.6)                              0.4783
BUN, mg/dl                                            17 (11-66)                                     21.5 (16-47)                                14 (7-22)                                      0.7493
Cr, mg/dl                                                    0.88 (0.68-1.26)                          1.27 (0.89-1.99)                           0.71 (0.44-1.01)                        0.0009
eGFR, ml/min/1.73 m2                            53.6 (40.1-64.4)                          39.2 (26.2-52.3)                           76.2 (53.8-110)                         <0.0001
24-h CCr, ml/min**                                55.2 (39.7-85.2)                          52.7 (33.2-71.3)                           96.2 (62.7-129)                           0.1327

WBC: White blood cell, N/L ratio: neutrophil-to-lymphocyte ratio, Hb: hemoglobin, CRP: C-reactive protein, TP: total protein, Alb: albumin, BUN:
Blood urea nitrogen, Cr: creatinine, eGFR: estimated glomerular filtration rate, CCr: creatinine clearance. *GCsplit vs. GCarbo. **Patients whose
data are not available (missing data) were removed from the analyses.

Figure 1. Serum creatinine level (Cr), estimated glomerular filtration rate (eGFR) based on Cr, and 24-h creatinine clearance (24-h CCr) with
correction by body surface area are shown for patients treated with gemcitabine/cisplatin (GC), GCsplit or gemcitabine/carboplatin (GCarbo).
Broken lines in eGFR and 24-h CCr graphs show rates of 40 and 60 ml/min.

Table III. Response in tumor size of patients treated with
gemcitabine/cisplatin (GC), GCsplit or gemcitabine/carboplatin
(GCarbo). There were no significant differences in response. 

                            GCsplit, n (%)          GCarbo, n (%)            GC, n (%)
                                   (n=10)                       (n=16)                      (n=15)

ORR                           8 (80)                        9 (56)                       10 (67)
CR                              2 (20)                        3 (19)                         5 (33)
PR                               6 (60)                        6 (38)                         5 (33)
SD                              2 (20)                        6 (38)                         5 (33)
PD                              0 (0)                          1 (7)                           0 (0)

ORR: Overall response rate; CR: complete response; PR: partial
response; SD: stable disease; PD: progressive disease.



equality to M-CAVI in terms of PFS and OS (6). However, M-
CAVI was not recognized as the standard of care. There is still
no evidence regarding the efficacy of GCarbo proven by
prospective randomized controlled trials for patients who are
cisplatin-ineligible. As the survival time of patients with
LAMUC without chemotherapy is extremely limited, it is
necessary for patients, urologists, and oncologists to exploit the
standard treatment for patients with LAMUC who are cisplatin-
ineligible (11). 

In the present study, GCsplit led to significantly better OS
and PFS, in addition to a tendency for a better effect on

tumor shrinkage than GCarbo for patients who were
cisplatin-ineligible. Moreover, despite the background of
patients being unfavorable, GCsplit may be even better than
GC for patients who are cisplatin-eligible. For patients with
LAMUC who are cisplatin-eligible, the ORR of GCarbo was
56%, which is similar to that of GCarbo in a previous
reported study (10). This suggests that the background of the
present study may be like the study for patients who are
cisplatin-eligible, and GCsplit may contribute to survival
benefit even in patients who are cisplatin-eligible. This
superiority regarding survival of GCsplit over GCarbo may
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Figure 3. Computed tomographic images are shown before treatment and at complete response (CR) for representative CR cases for patients treated
with gemcitabine/cisplatin (GC), GCsplit or gemcitabine/carboplatin (GCarbo). White triangles indicate tumors.

Figure 2. Waterfall plots of the best response rate compared to baseline for patients treated with gemcitabine/cisplatin (GC), GCsplit or
gemcitabine/carboplatin (GCarbo).



be attributed to its intensity, making it strong enough for
patients with unfavorable backgrounds. These data suggest
that GCsplit may be more beneficial than GCarbo for
patients who are cisplatin-ineligible. 

Regarding AEs, neutropenia in the GCsplit group was
100% at grade 3 and 4, which was more severe than that for
the GCarbo group with 81% at grade 3 and 4. It was reported
that the frequency of grade 3 and 4 neutropenia in the GC and
GCarbo groups for cisplatin-eligible patients with LAMUC
was 35% and 45%, respectively (10). As hematological AEs

of chemotherapy were relatively more severe for Asian
patients than for non-Asian patients (12), a high incidence of
grade 3 and 4 AEs in the present study may be consistent with
the high efficacy of GCsplit for patients who are ineligible for
cisplatin therapy. There was a significant difference in
neutropenia; however, the severity of thrombocytopenia and
anemia between the GCsplit and GCarbo groups were similar,
and these hematological AEs may be manageable. Kim et al.
reported not only favorable responses but also tolerability of
GCsplit compared to GCarbo (7). Combining their data and
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Figure 5. The frequency and grade (G) of hematological adverse events for patients treated with gemcitabine/cisplatin (GC), GCsplit or
gemcitabine/carboplatin (GCarbo) are shown.

Figure 4. Patients were treated with gemcitabine/cisplatin (GC), GCsplit or gemcitabine/carboplatin (GCarbo). Progression-free survival (PFS)
and overall survival (OS) of patients treated with each protocol were estimated. The Kaplan–Meier method was used to display OS and PFS, and
the log-rank test was used for statistical analyses. The PFS was significantly better for the GCsplit than for the GCarbo group (p=0.0404). The OS
was also significantly better for the GCsplit than for the GCarbo groups (p=0.0454).



the results in this study, GCsplit may be a promising
alternative to GCarbo for patients with LAMUC who have
cisplatin-unfit renal function.

This study has certain limitations. This was a retrospective
study with a rather small sample size, and all patients were
Japanese. Accumulation of evidence is needed because the
incidence rate of LAMUC with GFR 40-60 ml/min is relatively
low. A prospective randomized controlled trial with a large-
sized population is needed to confirm our preliminary findings
of the efficacy of GCsplit for patients with LAMUC who are
ineligible for cisplatin. However, to our knowledge, this is the
first report to clarify the efficacy of GCsplit, and GCsplit may
be a candidate for the first-line treatment of cisplatin-ineligible
patients with LAMUC even with a high incidence of
neutropenia. In conclusion, GCsplit may be a better treatment
candidate for patients with advanced urothelial cancer who
have cisplatin-ineligible renal function. However, a prospective
randomized controlled trial with a large-sized population is
needed to confirm our preliminary results.
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