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A study of split-dose cisplatin-based neo-adjuvant
chemotherapy in muscle-invasive bladder cancer
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Abstract. The aim of this study was to investigate the
outcome of patients with muscle-invasive bladder cancer
(MIBC) receiving neo-adjuvant chemotherapy (neo-CT) using
a cisplatin-based regimen fractionated on days 1 and 8 of a
21-day cycle prior to organ-preservation (chemoradiation) or
cystectomy. Patients with stage T2-T4, NO, MO, transitional cell
carcinoma (TCC) of the bladder with a calculated glomerular
filtration rate (GFR) =40 ml/min were eligible for inclusion in
the study. Neo-CT comprised of gemcitabine (1,000 mg/m? dI,
d8, q21) plus cisplatin (35 mg/m? d1, d8, q21) for four cycles.
Following the administration of neo-CT, patients underwent
surgery or radiotherapy (RT) with or without concurrent chemo-
therapy (CRT), based on the response to neo-CT and clinician
and patient preference. A total of 23 patients were recruited:
21 males and 2 females; median age, 69 years (range, 49-85);
stage T2=11, T3A=7, T3B=5, grade 2=1, grade 3=22. One
patient progressed prior to neo-CT. In total, 75 cycles of neo-CT
were administered. Treatment was well-tolerated with only one
episode of neutropenic sepsis. Three of 22 patients developed
early progression and did not receive radical treatment. For the
remaining 19 patients, choice of definitive treatment (surgery
vs. RT/CRT) was based on response to neo-CT. Eight patients
had residual disease at cystoscopy following the completion
of neo-CT; six patients underwent surgery and two underwent
RT/CRT. A total of 11 patients had a complete response (CR)
to neo-CT, nine of whom were treated by RT/CRT, with the
remaining two declining radical treatment. Median follow-up
for alive patients was 57 months (range, 4.4-68.5). Three-year
survival was 37% (95% CI 17-58%) and 5-year survival was
31% (95% CI 15-52%). Neo-CT is effective and well-tolerated
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in MIBC. This split-dose cisplatin regimen facilitates treat-
ment in an outpatient setting and allows inclusion of patients
with compromised GFR.

Introduction

Bladder cancer is the second most common genitourinary
malignancy and is a significant cause of morbidity and
mortality. Almost 25% of patients have muscle-invasive disease
at presentation (1,2). In North America, the treatment of choice
for muscle invasive bladder cancer is radical cystectomy and
bilateral pelvic lymph node dissection. Although surgery may
be curative, approximately 50% of all patients with muscle
invasive transitional cell carcinoma (TCC) develop metastatic
disease within 2 years of cystectomy and subsequently succumb
to the disease, presumably due to a significant proportion of
patients harboring micrometastatic disease (3). On this basis,
neo-adjuvant and adjuvant chemotherapy have been tested in
numerous phase II and a few phase I1I studies (4-7).

There are two principal rationales for neo-adjuvant chemo-
therapy: i) to improve survival in patients with micrometastatic
disease and ii) to preserve the bladder by shrinking the primary
tumour to facilitate radiotherapy as an alternative defini-
tive therapy to surgery (8). The results of the South Western
Oncology Group (SWOG) neo-adjuvant study revealed an esti-
mated median survival of 6.2 years versus 3.8 years in favour
of patients having neo-adjuvant chemotherapy (P=0.027) (9).
Updated results from the UK MRC neo-adjuvant chemo-
therapy trial show a statistically significant 16% reduction in
the risk of mortality (hazard ratio, 0.84; 95% CI, 0.72-0.99;
P=0.037, corresponding to an increase in 10-year survival from
30 to 36%) following neo-adjuvant chemotherapy (10). The
SWOG study showed that of the 82% patients who underwent
cystectomy, 38% had no pathological evidence of disease (9).
Patients who achieved pTO status had a better prognosis than
those who did not, although this difference may be accounted
for by better disease biology rather than treatment effect.
By definition, this study did not address organ-preservation,
since the mandated treatment plan was for surgery following
neo-adjuvant chemotherapy. The potential disadvantage of
neo-adjuvant chemotherapy is correlated to the delay in defini-
tive treatment (cystectomy or chemo-radiotherapy), since this
may lead to disease progression in a proportion of cases, with
non-responding patients conceivably becoming inoperable.
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Current neo-adjuvant regimens used require in-patient or
prolonged hydration schedules, and therefore have a significant
impact on patient quality of life and health service resources.
Furthermore, these trials have been restricted to patients with
well-preserved renal function [typically glomerular filtration
rate (GFR) >60 ml/min], thus excluding a significant propor-
tion of bladder cancer patients who are elderly or have ureteric
obstruction.

Currently, systemic combination chemotherapy is the only
treatment that may result in long-term survival in patients with
metastatic disease. The chemosensitivity of bladder cancer
is demonstrated by objective response rates of 12-73% and
complete response rates of 0-35% in patients with metastatic
disease (11). Although antitumour activity has been demon-
strated with several single agents, the median duration of
survival associated with single-agent therapy has generally
varied between 4 and 6 months. The median survival time for
combination regimens, such as methotrexate plus vinblastine or
doxorubicin plus cisplatin, has been 8 months (12). The median
survival of patients with metastatic bladder cancer treated with
methotrexate, vinblastine, adriamycin and cisplatin (MVAC)
chemotherapy or cisplatin, methotrexate and vinblastine
(CMV), is approximately 1 year and long-term survival occurs
in only a small proportion of patients. Von der Maase et al
reported a phase III trial comparing MVAC versus gemcitabine
plus cisplatin (GC), both regimens requiring in-patient
admission. Patients received (gemcitabine 1,000 mg/m?
on days 1, 8, and 15; cisplatin 70 mg/m? on day 2) or standard
MVAC every 28 days for a maximum of six cycles. These
authors demonstrated that GC provides a similar survival
to MVAC with a better safety profile and tolerability (13).
Therefore, although this trial was not designed to show equiva-
lence of the two regimens, the results were interpreted as
showing therapeutic non-inferiority and GC was adopted as the
new standard in view of the better tolerability. With the upper
boundary of the confidence interval of the adjusted hazard
ratio for survival close to 1.2, non-inferiority may reasonably
be assumed (14). Therefore GC is a valuable alternative for
the growing elderly patient population with metastatic bladder
cancer, who may derive equal benefit from this regimen as
compared to MVAC, but with fewer side effects (15).

Experimental data suggest that a combination of
gemcitabine and cisplatin administered using an appropriate
schedule (simultaneous or close proximity exposure) are
capable of acting synergistically. Synergy may be mediated
by the inhibition of ribonucleotide reductase by gemcitabine
depleting the deoxynucleotide pool required for DNA replica-
tion, thereby inhibiting excision repair of cisplatin-induced
DNA crosslinks, or by gemcitabine incorporation into DNA
facilitating cisplatin crosslink formation (16,17). Thus,
dividing the dose of cisplatin over two weeks may increase
the potential for synergistic interaction with gemcitabine. Our
previous study conducted in patients with metastatic bladder
cancer using GC and exploring a 21-day schedule incorpo-
rating fractionated cisplatin showed that dose delays may be
avoided by using day 15 as a rest day from chemotherapy and
shortening the cycle length compared with widely used 28-day
schedules. It also proved that this regimen could be safely
delivered in an outpatient setting in a group of patients with
GFRs as low as 40 ml/min. The 21-day schedule was found
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to be less myelosuppressive and thus necessitated fewer treat-
ment delays. Splitting the cisplatin dose over days 1 and 8 also
reduced the renal toxicity associated with platinum analogues,
extending the potential spectrum of patients treatable with
this combination (18). On this basis, the current study was
designed to investigate extending the use of this regimen in
the neo-adjuvant context.

Patients diagnosed with muscle invasive TCC of the
bladder at cystoscopy were eligible to participate in this study.

Patients received up to four cycles of chemotherapy prior to
reassessment for definitive radical treatment. Response assess-
ment was undertaken by CT scan, cystoscopy and bladder
biopsy, and, then, in consultation with the patient and the
multi-disciplinary team, further management included one of
the two following options: i) Cystectomy was performed for
cases with persistent disease or at clinician or patient request;
ii) organ preservation. Patients opting for the organ preserva-
tion strategy underwent radical radiotherapy (55 Grays in
20 fractions over 4 weeks) or synchronous chemo-radiotherapy
and were eligible for entering into the national randomised
phase III trial (BC 2001) that was open and recruiting at the
time of this study.

This was a single arm phase II study investigating the
toxicity and efficacy of neo-adjuvant chemotherapy using the
combination of cisplatin administered on days 1 and 8 of a
21-day schedule with gemcitabine in patients with TCC of the
bladder in an outpatient setting.

Patients and methods

Study objectives. The primary endpoint was response rate.
Secondary endpoints were toxicity and survival. The South
Birmingham Local Research Ethics Committee approved the
study protocol.

Patients. The patients included 21 males and 2 females, with
a median age of 69 years (range, 49-85), with histologically
confirmed muscle invasive TCC. At least one measurable
lesion with a diameter of =2 cm was required. Other eligibility
criteria were: age =18 years; life expectancy >12 weeks; WHO
performance status 0-2; adequate haematological function
(Hb >10.0 g/dl; neutrophils >2.0x10%1; platelets >100x10°/1);
adequate renal function (GFR =40 ml/min calculated using
the Cockcroft formula); adequate liver function [serum
bilirubin within normal limits; AST, ALT, ALP <1.5 times
the upper limit of normal (ULN)]; women of child-bearing
potential required a negative pregnancy test prior to entry
and both males and females were required to use adequate
contraception continuing for 3 months after the study. Patients
were given a study information leaflet and provided written,
informed consent prior to recruitment into the study.

Study treatment. Pre-hydration with 1000 ml of 0.9% saline
with 20 mmol potassium chloride and 1 g magnesium
sulphate was administered over 2 h. Gemcitabine (1000 mg/
m?) was administered in 250 ml of 0.9% saline and infused
over 30 min. This dose was followed by cisplatin (35 mg/
m?) administered with hydration using 0.9% saline (500 ml)
over 60 min. All drugs were administered via a peripheral
intravenous cannula. Antiemetic therapy comprised 8 mg
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Table I. Dose modification according to haematological toxicity. ~ Table II. Patient characteristics.
Dose modification Characteristics Patient no.
ANC 10771 Platelets mm® Gemcitabine Cisplatin  Gender
Male 21
>1.0 and =100,000 100% 100%
Female 2
0.5-1.0 or  50,000-99,000 50% 75% Age
<0.5 or <50,000 Delay*/ Delay*/ Median 69
14b 14b
Omit Omit Range (49-85)
“Day 1 treatments were delayed until haematological status allows Stage
treatment. This holds for the 100 and 75% dose. If the delay was T2 11
>3 weeks, the patient was withdrawn from the study. *Day 8 treatment T3A 7
was omitted. T3B 5
Grade
2 1
3 22
intravenous dexamethasone and 3 mg intravenous granis-
‘ ; Performance status
etron. The total duration of treatment was approximately 0 0
4 h. All 23 patients had haematology and clinical chemistry
evaluation within 24 h prior to each treatment, and dose 1 14
modifications were made as required (Table I). Patients 2 9
received a maximum of four cycles of treatment depending  Glomerular filtration rate (GFR)
on response and toxicity. 40-60 ml/min 10
>60 ml/min 13
Statistical considerations. In tota?, 20 patients were required  p ost-chemo treatment
to allow us to exclude a pathological complete response rate . .
. L . . No treatment in view of early progression 4
of <20%. Patients receiving treatment were included in the ]
toxicity assessment. Survival analysis was performed on an  Radical surgery 6
intention-to-treat basis. Data were frozen on 8th April, 2011. Radical bladder preservation therapy 11

The response was evaluated using RECIST 1.0 criteria, with
a central review of imaging by an independent radiologist.
Toxicity data were analysed using simple descriptive statistics.
Survival curves were calculated according to the method of
Kaplan and Meier (19).

Results

Patient characteristics. A total of 23 patients entered the trial
between September 2004 and July 2007. Patient characteristics
are shown in Table II. The median age was 69 years (range,
49-85). Of the 23 patients, 21 were male and 2 female. In total,
11 patients had stage T2 disease and 12 had T3 disease prior to
chemotherapy. Ten patients had a calculated GFR of between
40 and 60 ml/min, which may have excluded them from other
cisplatin-based protocols.

Toxicity. Toxicity was graded according to Common Toxicity
Criteria version 2.0. A total of 75 cycles of chemotherapy were
administered. Treatment was well tolerated with only one
episode of neutropenic sepsis, which was uncomplicated and
was successfully managed with intravenous antibiotics.

Non-haematological toxicity comprised grade 3 nausea
and vomiting in 2 patients and grade 3 diarrhoea in 1 patient.
Grade 2 renal toxicity was observed in 1 patient with a drop
in GFR, although no clinically significant decline in renal
function was noted, even in patients with a baseline GFR of
40-60 ml/min. No significant neurotoxicity, ototoxicity or
pulmonary toxicity was observed.

No further treatment as patient
declined further radical treatment

Response. Efficacy analysis was performed on an inten-
tion-to-treat basis. One patient progressed with distant
metastases prior to initiation of neo-adjuvant chemotherapy
and only received palliative care. Three patients developed
early progression during neo-adjuvant chemotherapy and
did not receive radical treatment. It is plausible that by
undergoing neo-adjuvant chemotherapy, these patients were
identified as those with biologically aggressive disease and
were therefore spared the morbidity of futile radical therapy.
For the remaining 19 patients, the choice of definitive treat-
ment (surgery versus organ preservation treatment) was based
on response to neo-adjuvant chemotherapy. Eight patients
had residual disease on cystoscopy, six of whom underwent
cystectomy, while two patients chose RT. A total of 11 patients
had a complete pathological response to neo-adjuvant CT, of
whom nine underwent radical organ preservation treatment,
while two patients declined any further radical treatment and
there were no cystectomies in this group.

Survival. At the time of censor, 15 of the 23 patients had
succumbed to the disease. The median follow-up for alive
patients was 57 months (range, 4.4-68.5). Survival data are
shown in Fig. 1. Median survival by intention-to-treat analysis
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Figure 1. Kaplan-Meier survival data.

was 25.3 months (95% CI 17.4-47.7). Three-year survival was
37% (95% CI 17-58%) and 5-year survival was 31% (95% CI
15-52%).

Discussion

Gemcitabine in combination with cisplatin has been widely
adopted as standard therapy for advanced muscle invasive
bladder cancer in the UK. Adoption of this therapy was based
upon better tolerability and non-inferiority compared with
older cisplatin-based regimens such as MVAC (13). Cisplatin
remains one of the most important drugs in the treatment of
advanced TCC of the bladder, although the question of doses
administered and scheduling continues to be debated. The
required cisplatin dose in a 3-week cycle is 70-80 mg/m?.
This dose requires prolonged intravenous hydration over an
8-h schedule, presenting practical problems for the majority
of centres, many of which therefore, administer cisplatin
with pre-hydration in an in-patient setting when using doses
in excess of 50-60 mg/m?. In the management of advanced
bladder cancer, administering chemotherapy in an outpatient
setting without compromising efficacy is likely to be benefi-
cial in terms of patient quality of life and health economics.
Splitting the cisplatin dose over weeks 1 and 2 and adminis-
tering concurrently with gemcitabine allows administration
over a shorter time in an outpatient setting. Importantly, this
maintains the required cisplatin dose intensity. Furthermore,
this schedule may facilitate the synergistic interaction between
gemcitabine and cisplatin. A number of trials of 28-day
regimens report frequent dose modifications and omissions,
particularly on day 15 in bladder and lung cancer (13,20,21).
Optimising the delivered dose while minimizing dose delays
and dose modifications due to toxicity are likely to have an
impact on disease-free and overall survival (18).

In this study, we delivered 75 cycles of chemotherapy
(150 doses), and encountered only 6 dose reductions (4%), 3
dose delays by 1 week (2%) and 3 dose omissions (2%) for
treatment-related toxicity. The maintenance of dose inten-
sity may have contributed to the encouraging pathological
response rates reported here. We included patients with GFR
as low as 40 ml/min with no clinically significant deterioration
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in renal function. This regimen thus widens the spectrum of
patients suitable for cisplatin-based chemotherapy compared
with numerous cisplatin-containing trials, which exclude
patients with a GFR of less than 60 ml/min. A pathological
response rate of 48% (11/23) is encouraging and compares
favourably with published data for other neo-adjuvant chemo-
therapy studies. The SWOG study showed that of the 82%
patients who underwent cystectomy, 38% had no evidence
of disease pathologically (9). Of note is that since patients in
the SWOG trial underwent cystectomy, this may have facili-
tated a more accurate assessment of pathological CR rates
compared with the random cystoscopic biopsies performed on
our patients undergoing organ-preserving treatment. Median
survival of 25.3 months and 5-year survival of 31% (95%
CI 15-52%) in this group of patients, while limited by the
small sample size and wide confidence intervals, is broadly
similar to other neo-adjuvant regimens in the published
literature. Furthermore, in our study, since the treatment was
well tolerated, the definitive treatment was not delayed due to
neo-adjuvant chemotherapy related toxicity.

Two large randomised neo-adjuvant studies in muscle
invasive bladder cancer have been conducted. Results of both
studies showed significant survival advantage (9,10). Although
many disciplines in cancer care would consider the data from
two completed phase III studies sufficient to alter the standard
of care, this does not seem to have occurred for the manage-
ment of invasive bladder cancer (22). It is the responsibility
of urology and oncology colleagues to collaborate in order to
provide state-of-the-art care for patients with muscle invasive
bladder cancer, which should include neo-adjuvant chemo-
therapy prior to surgery or organ preservation therapy in fit
patients. Personal bias and anecdotal evidence should not over-
rule evidence from phase III randomised trials. This lack of
widespread adoption of neo-adjuvant chemotherapy may relate
to the selected patients in clinical trials not reflecting typical
muscle invasive bladder cancer patients who may be older and/
or have impaired GFR, which may limit the applicability of
some of the chemotherapy regimens. The findings presented in
our study suggest that using the approach of split-dose cisplatin
is a worthwhile and resource-effective alternative to standard
schedules using in-patient bed resources or prolonged hydra-
tion, while maintaining dose intensity and good treatment
tolerance and efficacy with applicability to a broader range of
patients. Further evaluation of this regimen in larger studies in
a neo-adjuvant setting is required.
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