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Background: This phase Il trial (Cancer and Leukemia Group B 90102) sought to determine the efficacy of cisplatin,
standard infusion of gemcitabine and gefitinib in patients with advanced urothelial carcinoma.

Patients and methods: Eligible patients had previously untreated measurable disease, Eastern Cooperative
Oncology Group (ECOG) performance status of zero to two and creatinine clearance >50 ml/min. Treatment consisted
of cisplatin 70 mg/m? day 1 and gemcitabine 1000 mg/m? on days 1 and 8 given every 3 weeks concurrent with gefitinib
500 mg/day orally for six cycles. Maintenance gefitinib 500 mg/day was continued for responding or stable disease.
Results: Fifty-four of 58 patients were assessable. Twelve patients (22%) had node-only disease, and 25 (46%) had
an ECOG performance status of zero. There were 23 objective responses for an overall response rate of 42.6% [95%
confidence interval (Cl) 29.2% to 56.8%]. The median survival time was 15.1 months (95% CI 11.1-21.7 months) and
the median time to progression was 7.4 months (95% Cl 5.6-9.2 months).

Conclusions: The combination of cisplatin, gemcitabine and gefitinib is well tolerated and active in advanced
transitional cell carcinoma. The addition of gefitinib does not appear to improve response rate or survival in comparison

to historical controls of cisplatin and gemcitabine alone.
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introduction

The American Cancer Society estimates that urothelial tract
(transitional cell) carcinoma (TCC) will be diagnosed in

~67 160 patients and cause death in 13 750 patients in the
United States in 2007 [1]. Among patients with advanced
disease, the median survival varies and is dependent upon the
prevalence of visceral metastases and performance status in the
trial cohort [2].

A recent update of a randomized phase III trial comparing
the combination of methotrexate, vinblastine, doxorubicin and
cisplatin to the less toxic combination of cisplatin and
gemcitabine (GC) suggested similar objective response
proportions and 5-year survival for the two regimens [3].
Currently, GC remains a standard treatment regimen for
patients with advanced disease. This regimen is frequently
administered on a 21-day schedule owing to the degree of
myelosuppression seen with the 28-day schedule. A randomized
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phase II study of a 3- versus 4-week schedule of GC in 96
advanced non-small-cell lung cancer (NSCLC) patients
suggested similar response rates (42% versus 38%,
respectively), but a lower incidence of grade 3 or 4
thrombocytopenia (5.5% versus 29.5%) with the 3-week
schedule [4]. A retrospective analysis of the 3- and 4-week
schedules of GC in 212 advanced TCC patients showed very
similar response rates and 5-year survival [5].

The epidermal growth factor receptor (EGFR) is a 170-kDa
transmembrane receptor tyrosine kinase and EGFR signaling
has been shown to regulate cell proliferation, apoptosis,
angiogenesis, invasion and spread of TCC in preclinical models
[6]. EGFR is expressed in about two-thirds of nonmetastatic
muscle-invasive bladder cancer specimens, correlated with
primary tumor stage and associated in some studies with tumor
recurrence, progression and patient survival [7-10]. Although
the patterns and prognostic value of EGFR expression in
metastatic urothelial carcinoma have not been extensively
studied, strong EGFR immunostaining patterns were observed
in the majority (13 of 20) of bladder cancer metastases in one
study [11]. Therefore, the EGFR pathway represents a potential
therapeutic target in urothelial carcinoma.
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Gefitinib (ZD 1839, Iressa®) is an orally active selective
EGFR tyrosine kinase inhibitor which has demonstrated
synergy with the antitumor activity of platinum and other
chemotherapeutic agents in a variety of cell lines and human
tumor xenograft models [12, 13]. Antitumor activity was seen
at all levels of EGFR expression but correlated with degree of
expression of EGFR. In EGFR-expressing human bladder
cancer cell lines, gefitinib inhibited extracellular signal-
regulated kinase and Akt/protein kinase B phosphorylation as
well as EGFR phosphorylation [14]. Furthermore, EGFR
targeting by the antibody C225 inhibited angiogenesis in mouse
models of TCC, and this activity was enhanced by paclitaxel
[15, 16]. Gefitinib’s dose-limiting toxicity was diarrhea in
single-agent studies but it has been combined safely with GC
for the treatment of NSCLC [17].

Based on promising efficacy observed in previous preclinical
studies and clinical trials [18, 19], Cancer and Leukemia Group
B (CALGB) undertook a trial of fixed dose rate infusion of
gemcitabine at 10 mg/m*/min in combination with cisplatin
and gefitinib in advanced urothelial carcinoma patients [20].
However, patients in this first cohort of 25 assessable patients
experienced unacceptable toxicity based on predefined trial
criteria which did not require a possible causal relationship
between grade 4 non-hematologic toxicity or deaths with the
treatment regimen. Two deaths were due to internal carotid
artery thrombosis and urosepsis. Other grade 4 non-
hematologic toxic effects included venous thromboembolism,
fatigue, hyperuricemia, hyponatremia, ureteral obstruction and
dyspnea. Because the fixed dose rate infusion of gemcitabine
was a potential explanation for the observed toxicity, accrual
was discontinued to the trial and the protocol was amended to
allow accrual of a second cohort of patients treated with the
same regimen with the exception of a standard 30-min infusion
of gemcitabine.

The rationale for the current trial was based upon the high
prevalence of EGFR expression in advanced urothelial
carcinoma, experimental evidence for the importance of the
EGFR pathway in a variety of neoplastic processes in bladder
cancer and synergy of EGFR inhibition with chemotherapy in
preclinical studies. The current clinical trial was therefore
conducted to determine the efficacy and safety of
a combination of gefitinib, cisplatin and standard dose
gemcitabine. This report includes only the second cohort of
patients since results from the previous cohort have previously
been reported [20].

patients and methods

eligibility criteria

The study was approved by the CALGB Executive Committee and by the
institutional review boards of each participating site. All patients provided
written informed consent. Eligible patients had biopsy-proven TCC arising
from the urothelial tract including the bladder, ureter, renal pelvis or
urethra. Central pathology review was not required. Tumors with mixed
histologies were required to have a dominant transitional cell pattern.
Measurable metastatic disease (N2, N3 or M1) by RECIST criteria was
required [21]. Patients were required to have an Eastern Cooperative
Oncology Group (ECOG) performance status of zero to two. There could
be no evidence of symptomatic brain metastases, greater than grade 1
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peripheral neuropathy, or an active severe gastrointestinal, cutaneous or
ocular (especially a corneal or inflammatory) condition. Patients could not
have received prior systemic therapy including investigational therapy for
advanced urothelial carcinoma. No prior chemotherapy was allowed
excepting use as a single agent for radiosensitization. At least 4 weeks had to
have elapsed since previous major surgery or radiation. Patients could not
be receiving CYP3A4 inducers (e.g. phenytoin, St John’s Wort) within

7 days of initiating, or concurrently with, protocol therapy. Patients with
a currently active second malignancy other than nonmelanoma skin cancer,
or a treated malignancy with a >30% risk of relapse following completion of
therapy, were excluded.

Required baseline laboratory parameters included granulocytes 21500/
cmm, platelets 2100 000/cmm, bilirubin <1.25% normal, AST and ALT
<2x normal and a calculated creatinine clearance (using the modified
Cockroft and Gault formula) of >50 ml/min. Assessment of EGFR
expression was not required. Baseline evaluation included a history and
physical examination which included a visual acuity check, complete blood
count and routine serum chemistries. Computed tomography or
magnetic resonance imaging scans of the chest, abdomen and pelvis and
bone scans were carried out at baseline and repeated every three cycles of
treatment of response evaluation.

treatment plan

All patients received chemotherapy and gefitinib concurrently. Patients with
responding or stable disease (less than a 30% decrease and less than a 20%
increase in the sum of the longest diameters of all target lesions and the
appearance of no new lesions) after six cycles were continued on
maintenance gefitinib alone until tumor progression. Chemotherapy
consisted of gemcitabine administered at a dose of 1000 mg/m? i.v. over 30
min on days 1 and 8, followed by cisplatin 70 mg/m” on day 1, given on
a 21-day schedule for up to six cycles. Gefitinib was given continuously at
a dose of 500 mg/day orally.

Patients underwent a physical exam at the start of each cycle. Tumor
response was evaluated every three cycles using RECIST criteria until
disease progression [20]. One cycle in the maintenance phase was
represented by a 4-week period. All patients were followed for survival.

dose modification

If chemotherapy was delayed pending hematologic recovery [absolute
neutrophil count (ANC) > 1500/pl, platelet count > 100 000] between
cycles, gefitinib was continued. In the event of febrile neutropenia or

a nadir platelet count <50 000, the gemcitabine dose in subsequent cycles
was reduced by 25%. Within a cycle, the day-8 gemcitabine dose was
reduced by 25% for a day-8 platelet count of 50 00075 000/pl or ANC of
500-1000/pl and by >50% for lower values. For grade 3 or 4 non-
hematologic toxicity, treatment was held for up to 3 weeks to allow
resolution to grade < 1 before retreatment at a 20% lower dose of
chemotherapy. Specifically for grade 3 or 4 diarrhea, gefitinib and
gemcitabine were held and resumed with 50% and 25% dose reductions,
respectively. Grade 3 or 4 skin rash required holding gefitinib until
resolution to grade < 1 at which time gefitinib could be resumed at the same
dose level. A second occurrence of severe skin rash required a 50% dose
reduction in the gefitinib dose. Patients were removed from protocol
therapy for a >3-week delay in reinstituting protocol therapy or more than
two occurrences of the same severe toxicity necessitating dose reduction.

statistical design and data analysis

The primary end point for the trial was objective response rate (ORR)
defined as the proportion of patients who had experienced either complete
response (CR: the disappearances of all target and non-target lesions and
the appearance of no new lesions) or partial response (PR: at least a 30%
decrease in the sum of the longest diameters of all target lesions and the
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appearance of no new lesions) using the RECIST criteria [21]. Other end
points were toxicity, duration of response, progression-free survival (PFES)
and overall survival (OS). Duration of response was defined as the time
between a CR or PR to the date of disease progression or death, whichever
occurred first. Survival duration was defined as the time between study
entry and death, while PFS was defined as the time between study entry and
date of disease progression or death, whichever occurred first. A target
sample size of 50 patients was based on the null hypothesis that the ORR
among bladder cancer patients treated with cisplatin, gemcitabine and
gefitinib was <45%. The trial was designed to have 90% power and a type I
error rate = 0.07 to reject the null hypothesis if the true ORR was at least
65%. This study was monitored for response and for toxicity using a three-
stage design, with two interim analyses to be carried out after 12 and 30
patients had been enrolled to the trial. The stopping rule for unacceptable
toxicity was based on a threshold of toxic death or grade 4 non-hematologic
toxicity deemed to be possibly, probably or definitely related to treatment.

The ORR and 95% confidence interval (CI) for the ORR were calculated
based on the binomial distribution. The Kaplan—Meier product-limit
method was used to estimate the PFS, OS and duration of response.

As part of the quality assurance program of the CALGB, members of the
Data Audit Committee visit all participating institutions at least once every
3 years to review source documents. The auditors verify compliance with
federal regulations and protocol requirements, including those pertaining
to eligibility, treatment, adverse events, tumor response and outcome in
a sample of protocols at each institution. Such on-site review of medical
records was carried out for a subgroup of 34 patients (62.96%) of the 54
patients under this study. Patient registration and data collection were
managed by the CALGB Statistical Center. Data quality was ensured by
careful review of data by CALGB Statistical Center staff and by the study
chairperson. Statistical analyses were carried out by CALGB statisticians.

results

A total of 58 patients were accrued from August 2003 to April
2005. Two patients were withdrawn from the study before
beginning study treatment and two additional patients were
deemed ineligible because the creatinine clearance was <50 ml/
min. Per protocol, these four patients were excluded from the
analysis. Baseline patient characteristics are shown in Table 1.
All patients had dominant TCC histology. The median age was
63.6 years and 43 of 54 (80%) assessable patients were male.
Utilizing the Bajorin risk criteria (ECOG performance status > 2,
visceral metastases), 26% of the patients were in a good-risk
group (zero risk factors), 67% in an intermediate-risk group
(one risk factor) and 7% in a poor-risk group with two
risk factors present.

treatment

Of the 54 eligible patients, 25 completed the combination
treatment phase and initiated maintenance therapy. Among
these patients, the median number of gefitinib cycles was 11
cycles including the combination treatment phase. In the
maintenance phase of treatment, these patients received

a median of 4.2 months (95% CI 2.8-8.0) of gefitinib alone.
The maximum number of gefitinib cycles reported was 47
cycles for one patient. A total of 27 of 58 (47%) patients
experienced some dose reduction for gefitinib at any time; by
definition, this excluded patients who stopped gefitinib
abruptly and permanently (e.g. serious toxicity or disease
progression) or transiently (dose delays).
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Table 1. Baseline patient characteristics

Characteristic (number evaluable) n %
Demographics
Median age in years (interquartile range) 63.6 (58.0-70.6)
White 52 96
Male 43 80
Location of primary tumor
Bladder (n = 51) 34 67
Renal pelvis (n = 54) 15 28
Ureter (n = 52) 13 25
Urethra (n = 53) 2 4
Sites of metastases
Distant metastases 53 98
Sites of metastases
Nodal/soft tissue 27 50
Liver 19 35
Bone 9 17
Lung/pleura 27 50
Pattern of metastases
Any visceral metastases 39 72
Nodal disease only 12 22
Neither documented 3 6
ECOG performance status
0 25 46
1 24 44
2 5 9
Prognostic risk factors®
0 14 26
1 36 67
2 4 7

*ECOG performance status of two or more and presence of visceral
metastases count as one risk factor each, adapted from Bajorin et al. [2].
ECOG, Eastern Cooperative Oncology Group.

clinical outcomes

In 54 assessable patients, there were 23 confirmed objective
responses (7 CRs and 16 PRs) for an overall objective response
proportion of 42.6% (95% CI 29.2% to 56.8%). The response
proportion was 57% (8 of 14), 38% (15 of 39) and 25% (1 of 4)
in patients with zero, one and two risk factors. The median
duration of response for the 23 confirmed responders was 7.1
months (95% CI 5.1-8.9). At the time of this analysis (January
2008) with a median follow-up time of 39.5 months, 51
patients had died. The median OS was 15.1 months (95% CI
11.1-21.7). The Kaplan—-Meier plot for OS is presented in
Figure 1. The median time to progression was 7.4 months (95%
CI 5.6-9.2). The Kaplan—Meier plot for PFS is presented in
Figure 2.

toxicity

Fifty-four patients received at least one dose of protocol
therapy and were assessable for toxicity. The median number of
cycles of chemotherapy as well as gefitinib administered to
patients was 6 (interquartile range 3—6) and 6 (interquartile
range 3-10), respectively. Toxic effects with a potential
relationship to the treatment regimen are listed in Table 2.
Twelve (22%) patients each experienced maximum grade 3 and
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Figure 2. Kaplan-Meier progression-free survival distribution.

grade 4 hematologic toxicity, while 35 (65%) and eight (15%)
patients experienced maximum grade 3 and grade 4 non-
hematologic toxicity, respectively. No fatal toxic effects were
observed. Specific unrelated nonmalignant causes of death
reported included pulmonary embolism, gastrointestinal
hemorrhage, staphylococcal endocarditis and complications of
small bowel obstruction.

discussion

This multicenter phase II clinical trial of standard dose
gemcitabine plus cisplatin chemotherapy with concurrent and
maintenance gefitinib has demonstrated activity in advanced
urothelial carcinoma. However, the objective response
proportion, PFS and OS are not significantly superior to
previous results reported with GC alone. The true response rate
is unlikely to have been significantly underestimated by the
proportion of patients with an unconfirmed partial response
(7.4%) or inadequately assessed response status (9.3%).
Although the distribution of performance status in the trial
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cohort is typical of modern clinical trials of advanced urothelial
carcinoma, an unusually high proportion of patients (72%) had
visceral metastases, which is a consistently powerful predictor
of inferior survival [2]. However, based on the Bajorin risk
factor distribution of our trial cohort, the observed median
survival in our study approximates the predicted median
survival [2], suggesting that the addition of gefitinib to the GC
regimen does not provide significant additional benefit.

Adverse events observed in this trial were typical for the
known toxicity profiles of the individual agents. Unlike the
prior cohort treated with fixed dose rate gemcitabine with
cisplatin and gefitinib which was prematurely terminated due
to dose-limiting toxicity consisting primarily of a vascular,
metabolic, infectious or constitutional nature [20], we observed
fewer grade 4 non-hematologic toxic effects, especially vascular
and thrombotic events. Furthermore, no toxic deaths occurred.
Overall, the treatment regimen was tolerable and the vast
majority of deaths were secondary to progressive disease or
unrelated causes.

The frequent expression of EGFR in urothelial carcinoma
makes the addition of gefitinib to GC a reasonable
investigational question. The failure to detect a significant
improvement in clinical outcomes with this regimen could be
due to several reasons. Activating mutations of the fibroblast
growth factor receptor 3 tyrosine kinase but not of the EGFR
kinase domain have been reported in bladder cancer [22].
Automated sequencing and PCR of the EGFR kinase domain in
11 bladder cancer cell lines and 75 tumor samples found no
mutations or evidence of overexpression of EGFR even though
50% of tumor samples were positive for the EGFR kinase
domain by routine immunohistochemistry [23]. Other
potential molecular mechanism of gefitinib resistance are the
uncoupling of EGFR from its downstream effector Ras/
mitogen-activated protein kinase [24], as well as the
phosphorylation (activation) status of EGFR [25].

However, it is possible that gefitinib itself, its potentiation of
chemotherapy or EGFR targeting is an ineffective strategy in
urothelial carcinoma. Single-agent gefitinib given at a dose of
500 mg daily achieved an objective response in only 3% (1 of
29) of patients who had progressed after prior chemotherapy
with advanced urothelial carcinoma in a Southwest Oncology
Group trial [26]. It remains unknown whether concurrent
administration of gefitinib and chemotherapy might lead to
antagonism as was suspected for another EGFR inhibitor,
erlotinib, and chemotherapy in advanced NSCLC [27, 28].
However, the role of maintenance gefitinib remains worthy of
investigation in future clinical trials in urothelial carcinoma in
light of the promising results in the maintenance phase of this
trial in which some patients experiencing prolonged disease
stability on gefitinib alone.

In summary, this multicenter phase II clinical trial of
cisplatin, standard dose gemcitabine and concurrent and
maintenance gefitinib, demonstrated activity in advanced
urothelial carcinoma. However, gefitinib does not appear to
add substantial benefit to chemotherapy alone. The treatment
was well tolerated without excessive or unexpected toxic effects.
Investigation of other treatment schedules of gefitinib (e.g.
maintenance only), other EGFR inhibitors (e.g. cetuximab,
erlotinib) or other combination strategies may still be of
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Table 2. Toxic effects reported as possibly, probably or definitely related to treatment

Toxicity (n = 54) Grade 1

n %
Neutropenia 4 7
Anemia 12 22
Thrombocytopenia 6 11
Hypotension 1 2
Thromboembolism 0 0
Skin rash 12 22
Diarrhea 18 33
Dehydration 0 0
Febrile neutropenia 0 0
Documented infection 0 0
Dyspnea 0 0
Elevated serum creatinine 13 24
Auditory loss 0 0
Edema 4 7
Fatigue (asthenia, lethargy, malaise) 10 19
Emesis 9 17
Mucositis/stomatitis 7 13
Melena/Gastrointestinal bleeding 0 0
Hematuria 2 4
Elevated ALT 7 13
Elevated alkaline phosphatase 6 11
Hypokalemia 13 24
Hypomagnesemia 6 11
Hyponatremia 14 26
Neuropathy: motor 12 22
Neuropathy: sensory 9 17
Hypocalcemia 6 11

Grade 2 Grade 3 Grade 4
n % n % n %
8 15 8 15 11 20
17 31 8 15 1 2
6 11 13 24 1 2
3 6 2 4 0 0
0 0 1 2 0 0
17 31 11 20 0 0
8 15 14 26 1 2
6 11 11 20 0 0
0 0 4 7 0 0
0 0 6 11 0 0
11 20 4 7 0 0
14 26 2 4 0 0
3 6 3 6 0 0
1 2 1 2 0 0
26 48 11 20 2 4
13 24 13 24 1 2
2 4 4 7 0 0
0 0 1 2 0 0
1 2 1 2 0 0
2 4 1 2 0 0
0 0 1 2 0 0
0 0 5 9 2 4
12 22 3 6 3 6
0 0 4 7 0 0
5 9 2 4 0 0
2 4 1 2 0 0
9 17 2 4 1 2

ALT, alanine aminotransferase.

interest because of the strong evidence for a critical role for the
EGFR pathway in urothelial carcinoma.
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