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Abstract. The role of maintenance therapy with Gemcitabine
(GEM) following cisplatin‑based combination chemotherapy
(CBCC) in patients with surgically treated advanced
urothelial carcinoma (UC) remains to be fully elucidated.
In the present case control study, a retrospective analysis
was performed to evaluate the role of GEM monotherapy
following surgical intervention for advanced UC. Between
1999 and 2013, 38 patients were identified with surgically
treated advanced UC after having completed CBCC, who
were additionally treated quarterly with two consecutive
GEM (1,250 mg/m 2) infusions as maintenance therapy. This
collective was matched by propensity score matching to a
control collective (n=38) that received primary CBCC alone,
and the overall survival (OS), cancer‑specific survival (CSS)
and progression‑free survival (PFS) rates were determined
for the two collectives using Kaplan‑Meier estimates and the
log‑rank test. Regression analysis was performed using the
Cox proportional hazards model. The median follow‑up time
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was 37 months (interquartile range: 9‑148). Interestingly,
patients treated with GEM following primary chemotherapy
had a significantly improved outcome with respect to
the 5‑year OS (46.2 vs. 26.4%, P=0.0314) and 5‑year CSS
(61.3 vs. 33.4%, P=0.0386) rates. Notably, the 5‑year PFS
rate did not differ between the two groups (10.3 vs. 16.1%,
P=0.134). It is proposed that additional GEM maintenance
monotherapy is able to improve survival rates following
primary CBCC in surgically treated patients with advanced
UC, suggesting a possible treatment option for patients with,
e.g., unclear disease status, or those who would require an
active maintenance therapy in the future. Prospective studies
should further determine the impact of GEM monotherapy
with respect to PFS rates in groups comprising larger
numbers of patients.
Introduction
The efficient ‘killer’ in the form of advanced urothelial
carcinoma (UC) is often underestimated at present: 5‑year
overall survival (OS) rates rarely exceed 40‑50%, even
following surgical treatment and adjuvant chemotherapy,
with disappointing progression‑free survival (PFS) rates
observed of 16 to 18 months (1,2). Following the failure of
primary cisplatin‑based combination chemotherapy (CBCC),
in general, there are limited choices for second‑ or third‑line
therapies (3). The aim of the present study was to offer a
comparatively safe additional maintenance treatment for
patients with stable disease following CBCC, with the
objective of improving survival rates and the time to first
progression. Gemcitabine (GEM) was selected as the treatment for the present study. After having noted the promising
response rates (4,5) and encouraging case reports (6),
together with low reported rates of adverse events (4‑7),
38 patients, predominantly after having achieved stable
disease post‑chemotherapy, were treated quarterly with two
consecutive injections of 1,250 mg/m 2 GEM as previously
described (4). Subsequently, OS, cancer‑specific survival
(CSS) and PFS rates were determined, in comparison with

KALOGIROU et al: GEM MONOTHERAPY IN SURGICALLY TREATED ADVANCED UROTHELIAL CARCINOMA

a matched control group that received best supportive care
alone.
Patients and methods
Patient characteristics and GEM monotherapy. The present
study included 38 patients suffering from advanced UC of the
lower or upper urinary tract, who were surgically treated by
radical cystoprostatectomy with extended lymphadenectomy
or nephroureterectomy between 1999 and 2013 at our institution (the ‘maintenance collective’). Patients who did not
receive surgical care prior to adjuvant chemotherapy were
excluded from the study. Indications for adjuvant primary
chemotherapy were an advanced pathological tumor stage of
pT3 or above (8), positive nodal status (N+), lymphangiosis
(L1) or haemangiosis (V1) carcinomatosa, or perineural invasion (Pn1). Following the completion of primary CBCC [a
treatment of methotrexate, vinblastin, adriamycin and cisplatin, or methotrexate, vinblastin, epirubicin and cisplatin,
or GEM and cisplatin (GC), administered in a standardized
regimen (9)], patients were staged by performing computed
tomography (CT; Siemens SOMATOM Force; Siemens
Healthcare AG, Erlangen, Germany) of the thorax and the
abdomen. Of the patients examined, 33 were staged stable
disease (n=30) or remission (n=3), whereas five patients
were staged as mixed response (n=3) or progressive disease
(n=2). For one patient, no information concerning the disease
status was available. Further follow‑up was performed every
four months by CT of the thorax and the abdomen, or by
magnetic resonance imaging (MRI; Siemens MAGNETOM
Prisma MRI Scanner, Siemens Healthcare AG) of the
abdomen with simultaneous chest X‑ray scanning (Philips
Bucky DIAGNOST X-ray system; Philips Medical Systems,
Hamburg, Germany). Progression of the disease was defined
as the appearance of any new lesion and/or a 25% increase in
the sum of the pre‑existing lesions. The time to progression
was defined as the time from the initial diagnosis to the first
event of clinical progression.
After checking inclusion criteria [sufficient renal function, i.e., glomerular filtration rate (GFR) >30 ml/min,
hepatic function and the haemogram], all the patients were
offered GEM maintenance therapy, and written informed
consent was obtained from all the patients. The patients were
treated quarterly with two consecutive (on days 1 and 8 of
the cycle) short, 30 min infusions of 1,250 mg/m 2 GEM on an
outpatient basis. As supportive agents, the patients received
8 mg orally administered ondansetron prior to the GEM infusion. Blood tests were performed by the general practitioner
of the patients prior to and following the therapy to monitor
adverse events. GEM monotherapy was discontinued in the
event of a marked clinical progression with rapid decline of
the general health status, and severe renal (GFR <30 ml/min)
or hepatic (>2‑fold increase in the level of transaminases)
dysfunction, in addition to severe anaemia, leukopenia or
thrombopenia. Two patients discontinued GEM monotherapy
for personal reasons. Following the discontinuation of GEM
monotherapy due to progression of the disease, a further two
patients received second‑line treatment [320 mg/m 2 vinflunine in one patient, and dose‑reduced GC in the other (to
50% of the standard dose in the other patient]. There were no
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dose reductions of GEM when administered alone; in patients
not qualifying for the full dose of the drug (1,250 mg/m 2),
therapy was discontinued.
Data analysis, matching approach and the control collective. The present study made use of cases of patients with
UC who had received surgical attention at the Departments
of Urology and Paediatric Urology at the University Medical
Center of Würzburg, and at the University of Marburg
(n=62) between 1993 and 2009. These patients receiving
the best supportive care alone following first‑ or second‑line
chemotherapy were set as controls (the ‘control collective’).
To improve comparability, the GEM monotherapy patient
collective (n=38) was matched with 38 patients of the
control collective by propensity score matching, using the
bioconductor package ‘MatchIt’ for R, version 3.10 (the type
of matching employed was the nearest neighbour method;
http://www.r‑project.org). The matching criteria were age
at diagnosis, gender, location of the primary tumor (lower
or upper urinary tract), the tumor/lymph node/metastasis
(TNM) status [using the version of the TNM classification of
the International Union Against Cancer revised in 2009 (8)]
and the number of initial chemotherapy cycles. Kaplan‑Meier
estimates for the OS, CSS and PFS rates were realized with
the open‑source software "R", version 3.10, and the bioconductor package ‘survival’, as well as Cox proportional hazard
models concerning CSS in the two collectives. The log‑rank
test was used to determine statistical differences between
survival estimates, and Pearson's chi‑squared test was used
to realize intergroup comparisons. On occasions where two
means of normally distributed data were to be compared, the
two‑sided unpaired student's t‑test was used. More than two
group means were differentiated by analysis of variance with
post hoc testing (Tukey's test) where significant differences
occurred. P<0.05 was taken to indicate a statistically significant difference.
Results
The characteristics of the patient collectives are shown in
Tables I and II. Following matching, no statistical differences
were identified with respect to the age at diagnosis, gender, site
of the primary tumor, the TNM status or the number of initial
chemotherapy cycles. The follow‑up was also comparable.
Patients in the monotherapy collective received GC more often
than patients in the control collective did (P<0.01). However,
no significant statistical differences were identified regarding
the efficacy of primary chemotherapy (P=0.06).
Regarding oncological outcomes, 22 patients died in
the maintenance collective, 21 mortalities of which were
cancer‑specific. In the control collective, mortality was
recorded in 29 patients and cancer‑specific mortality in
23 patients, results which were statistically significant
(P=0.0076 for mortality from any cause, and P=0.046 for
cancer‑specific mortality). Clinical failure was noted in
18 patients in the maintenance collective and in 21 patients
in the control collective, results which were comparable
(P=0.33).
The 5‑year OS rate was significantly higher (49.2%) in the
maintenance collective compared with the control collective
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Table I. Patient characteristics showing unmatched collectives.
Variable
Number of patients
Follow‑up (months)
Age
Initial cycles
Mono cycles

ʻMaintenance collectiveʼ

ʻControl collectiveʼ

P‑value

38
9‑148 (37)
33‑80 (66)
1‑6 (3.1)
1‑48 (5.1)

62
1‑99 (35)
26‑84 (67)
1‑6 (2.8)
NA

0.062
0.201
0.25

Sex		 	
Male
30 (78.9%)
48 (77.4%)
Female
8 (21.1%)
14 (22.5%)
Localization		 	
Lower urinary tract
29 (76.3%)
42 (67.8%)
Upper urinary tract
9 (23.7%)
20 (32.2%)
pT 		 	
Tis
1 (2.6%)
0 (0.0%
1
5 (13.1%)
3 (4.8%)
2a
4 (10.5%)
6 (9.7%)
2b
4 (10.5%)
7 (11.3%)
3a
9 (23.7%)
11 (17.7%)
3b
4 (10.5%)
20 (32.3%)
4a
8 (21.0%)
14 (22.6%)
4b
0 (0.0%)
1 (1.6%)

0.84

<0.01

a

pT1+2 vs. pT3+4
0.04

pNa		 	 
0/x
11 (28.9%)
3 (4.8%)
1
11 (28.9%)
20 (32.3%)
2
13 (34.2%)
36 (58.1%)
pN0+1 vs. pN2+3
3
3 (7.8%)
3 (48.4%)
<0.01
pMa			
0
32 (84.2%)
55 (88.7%)
1
6 (15.7%)
7 (11.3%)
<0.01

Further details for the pathological (p) staging categories, and the pT, pN and pM subcategories, may be found in (8). NA, not applicable.

a

(26.5%, log‑rank P=0.0314), in addition to the 5‑year CSS rate
(61.3% in the maintenance collective vs. 33.4% in the control
collective; log‑rank P=0.0386). The 5‑year PFS rate did not
differ significantly between the control and the maintenance
collectives (10.3% in the maintenance collective vs. 16.1% in
the control collective; log‑rank P=0.134). Fig. 1 summarizes
these results. Prognostic factors that influence the CSS rate
were also identified in all patients by compiling Cox proportional hazard models. In addition, the present study revealed
that the efficacy of primary chemotherapy (P= 0.0168) and
GEM maintenance therapy (P=0.0396) were independent
prognostic factors in uni‑ and multivariate analysis (Table III).
All the other examined factors (age, gender, the location of
primary tumor, the TNM status and the number of initial
chemotherapy cycles) were not significantly predictive of the
CSS rate.

Discussion
Uro‑oncologists find that their available options soon become
limited with respect to advancing UC following primary
CBCC (3). Rapid rates of clinical failure (on average,
16‑18 months) quickly exhaust secondary or third‑line treatment options (2); what remains is supportive therapy (e.g.
radiation therapy or polymodal pain management) and, ultimately, following palliative care, mortality.
To improve the survival rate and the time to first progression, maintenance therapy is required. GEM monotherapy
has been assessed in specific solid and haematological
cancers (10‑12) and, although no established maintenance
therapy for UC is available at present, predominantly Japanese
researchers have gained experience in this cancer entity
with GEM monotherapy, demonstrating comparably low,
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Table II. Patient characteristics showing matched collectives.
Variable

ʻMaintenance collectiveʼ

ʻControl collectiveʼ

P‑value

Number of patients
38
38
Follow‑up (months)
9‑148 (37)
1‑97 (34.5)
0.562
Age (years)
33‑80 (66)
28‑83 (68)
0.24
Initial cycles
1‑6 (3.1)
1‑5 (2.4)
0.06
Mono cycles
1‑48 (5.1)
NA
Gender	 	 	
Male
30 (78.9%)
29 (76.3%)
Female
8 (21.1%)
9 (23.7%)
0.7
Localization	 	 	
Lower urinary tract
29 (76.3%)
30 (78.9%)
Upper urinary tract
9 (23.7%)
8 (21.1%)
0.69
a
pT 	 	 	
Tis
1 (2.6%)
0 (0.0%
1
5 (13.1%)
0 (0.0%)
2a
4 (10.5%)
6 (15.8%)
2b
4 (10.5%)
5 (13.2%)
3a
9 (23.7%)
9 (23.7%)
3b
4 (10.5%)
16 (42.1%)
4a
8 (21.0%)
0 (0.0%)
pT 1+2 vs. pT 3+4
4b
0 (0.0%)
1 (2.6%)
0.18
a
pN 	 	 	
0/X
11 (28.9%)
3 (7.9%)
1
11 (28.9%)
13 (34.2%)
2
13 (34.2%)
22 (57.9%)
pN 0/X+1 vs. pN 2+3
3
3 (7.8%)
0 (0.0%)
0.135
pMa	 	 	
0
32 (84.2%)
34 (89.5%)
1
6 (15.7%)
4 (10.5%)
0.29
Efficacy of primary chemotherapy	 	 	
Regression
3 (7.9%)
1 (2.6%)
Stable
30 (78.9%)
23 (605%)
Progression
2 (5.2%)
3 (7.9%)
Mixed response
3 (7.9%)
3 (7.9%)
reg+stable vs. prog+mixed
N/A
1 (2.6%)
8 (21.1%)
0.06
Type of primary chemotherapy	 	 	 
GC
35 (92.2%)
20 (52.6%)
MVAC/MVEC
1 (2.6%)
18 (47.4%)
Other
2 (5.2%)
0 (0.0%)
<0.01
Adverse events monotherapy		 	
Yes
3 (7.8%)
NA
No
35 (92.2%)
NA
NA
Discontinuation of monotherapy		 	
Personal
2 (5.2%)
NA
Side effects
3 (7.8%)
NA
NA
Second‑line therapy	 	 	 
Yes
2 (5.2%)
1 (2.6%)
No
36 (94.8%)
37 (97.4%)
0.243
Further details for the pathological (p) staging categories, and the pT, pN and pM subcategories, may be found in (8). GC, Gemcitabine
and cisplatin; MVAC, methotrexate, vinblastin, adriamycin and cisplatin; MVEC, methotrexate, vinblastin, epirubicin and cisplatin; NA, not
applicable.
a
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Table III. Regression analysis.
Univariate

Variable
Age
Sex
Location (lut/uut)
Initial cycles (<3 vs. >3)
Efficacy of primary
chemotherapy
GEM maintenance
pTa (pT 1+2 vs. pT 3+4)
pNa (pN 0+1 vs. pN 2+3)
pMa

Multivariate

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

χ2

P‑value

Coefficient

2.6
0.78
0.27
1.31

0.1066		
0.377		
0.6043		
0.2527		

5.72
4.24
3.4
0.47
0.18

0.01681
0.8865
0.03957
0.6756
0.06539		
0.4918		
0.6728		

HR

CI 95% (low‑high)

P‑value

2.4270
1.9653

0.41‑5.14
0.51‑3.78

0.0207
0.0434

Further details for the pathological (p) staging categories, and the pT, pN and pM subcategories, may be found in (8). CI, confidence interval;
lut, lower urinary tract; uut, upper urinary tract; GEM, Gemcitabine.
a

Figure 1. Kaplan‑Meier estimates for (A) overall, (B) cancer‑specific and (C) progression‑free survival for the Gemcitabine maintenance collective (solid
line, n=38) in comparison with the matched control collective (dashed line, n=38). The log‑rank P‑values are indicated on the right‑hand side of the panels.

although potentially promising response rates when used as a
monotherapy alone, Following primary CBCC, a novel study
published by Muto et al (7) demonstrated that GEM appeared
to have a prognostic benefit in an UC patient collective (n=33)
of palliative, non‑surgically treated patients. The authors
showed marked advantages in the maintenance group with
respect to CSS and PFS rates compared with a control group
receiving best supportive care alone, accompanied by a low
rate of adverse events.
This feature provided the foundational basis for the
present study. Knowing that, after disease stabilization
following primary CBCC, the time to first progression rarely
exceeds 24 months even in surgically treated patients with
advanced UC (2), it became desirable to study the oncological effects of a GEM monotherapy in this particular
patient group. In agreement with the study by Muto et al (7),
a marked improvement in CSS and OS rates for the GEM

maintenance patients was observed in the present study. It
was also demonstrated that the efficacy of primary CBCC
and GEM maintenance therapy were independent prognostic
factors for the CSS rate in all patients. However, in contrast
to Muto et al (7), presence of visceral metastasis was not
identified as a prognosticator of note for the patients in the
present study, predominantly due to the limited number of
cases. Additionally, and again in contrast to Muto et al (7),
the PFS rate was not affected by GEM monotherapy in the
patient collective in the present study. Since GEM is a drug
which the majority of the patients in the maintenance collective will have received prior to the study (GC is considered
standard care at our institution), it may be hypothesized that
the survival benefits observed in the present study are not the
result of the prolonged exposure to the drug itself, but are due
to a selection bias resulting from the retrospective nature of
the study.
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However, it is reasonable to surmise that more than merely
a selection bias accounted for the particular observations in
the present study. Adjuvant therapies prolonging the OS and
CSS rates, while having no effect upon the PFS rate, are well
known in the treatment of other cancer entities, predominantly
vaccination studies in prostate cancer, but also including
studies in haematological malignancies (13,14). Explanations
for these effects may include delayed drug response, as
well as changes in immunological and/or tumor‑biological
features. As GEM is known for changing humoral as well as
tumor immunology in solid cancers (15‑17), a combination
of immunological and tumor‑biological modifications in UC
leading to the observed survival benefits in the maintenance
group in the present study would be imaginable. However,
the underlying molecular mechanisms leading to a positive
response towards GEM monotherapy in UC have yet to be
fully elucidated, and should therefore be explored in future
studies for alleviated and personalized patient selection
regarding this type of maintenance therapy (e.g., establishment
of predictive biomarkers for the GEM treatment response).
This consideration is highly supported by one particular
patient of the present maintenance collective: After having
received an unpleasant diagnosis in the year 2002 at the age
of 49 with a pT3b pN3 M0 UC following anterior exenteration
and creation of an ileocoecal pouch, the patient enjoys good
health with no detectable sign of the disease in May 2015 in
the 48th cycle of GEM monotherapy. Prior to monotherapy,
the patient had received three cycles of GC, and was staged
stable disease thereafter. At present, neither primary CBCC
nor monotherapy have elicited any adverse effects with
respect to either haematological effects or a decline of renal
function in the patient.
Another aspect of GEM monotherapy as a maintenance
treatment concept is the incorporation of this additive therapy
regime with reference to vinflunine being approved for
second‑line chemotherapy following CBCC (18). We consider
that GEM monotherapy (with its low demands on renal function and favourable adverse event rates) could be scheduled
either prior to or following Vinflunine therapy, although
this question will need to be definitively addressed through
comprehensive and prospective clinical studies.
There were limitations to the present study. Being a
retrospective analysis, sampling bias must be considered.
Additionally, it has to be acknowledged that information
concerning the efficacy of primary CBCC was not available
in ~20% of the control collective. Furthermore, in view of the
comparatively small number of patients, changes in the time to
progression, as previously mentioned, will need to be examined in prospective studies to come, including larger patient
groups.
Despite these limitations, the present study indicates that
GEM monotherapy is a good choice for young, surgically
treated UC patients with stable disease, in the search for an
active maintenance therapy following primary CBCC; in our
experience, such a therapy often encourages patients mentally,
thereby improving the quality of life (and ultimately, as
demonstrated in the present study, the survival rate).
In conclusion, additional GEM maintenance therapy may
improve the survival rate in stable‑disease, surgically treated
patients with UC following primary platinum‑based chemo-
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therapy, and should therefore be validated in prospective
studies.
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