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There is no standard second-line chemotherapy treatment for
recurrent or metastatic urothelial cancer (MUC). The purpose of
this phase II study was to evaluate the efficacy and toxicity of the
three-drug combination of paclitaxel, ifosfamide, and nedaplatin
(TIN). Patients with MUC were eligible after treatment failure with
methotrexate, vinblastine, doxorubicin, and cisplatin, or gemcita-
bine and cisplatin. Doses for TIN therapy were paclitaxel
175 mg ⁄ m2 on day 1, ifosfamide 1500 mg ⁄ m2 on days 1–3, and
nedaplatin 70 mg ⁄ m2 on day 1, every 4 weeks. Tumor response,
the primary efficacy parameter, was assessed according to unidi-
mensional measurements (Response Evaluation Criteria in Solid
Tumors criteria, version 1.0). Secondary efficacy parameters were
overall survival (OS) and progression-free survival (PFS). Toxicity
was assessed according to the National Cancer Institute Common
Toxicity Criteria, version 3.0. A total of 45 patients (13 females and
32 males) with MUC were evaluable for response and toxicity. The
overall response rate was 40.0%. Median PFS time was 4.0 months
(95% confidence interval [CI], 4.6–11.6). Median OS time was
8.9 months (95% CI, 10.5–18.9). Grade 3 or 4 hematologic adverse
events were neutropenia (95.6%), anemia (15.6%), and thrombo-
cytopenia (17.8%). The most common grade 3 or 4 non-hematolo-
gic adverse events were anorexia (4.4%) and elevated aspartate
transaminase ⁄ alanine transaminase (2.2%). No toxic death was
observed. The main limitation of this study is that only 10 patients
(22.2%) who were previously treated with gemcitabine and cis-
platin were included. In conclusion, TIN as second-line treatment
for MUC is an active regimen with a manageable toxicity profile.
(Cancer Sci 2011; 102: 1171–1175)

U rothelial carcinoma of the bladder is the fourth most com-
mon cancer in men.(1) Systemic chemotherapy has been

the mainstay of management for metastatic urothelial cancer
(MUC).(2) Cisplatin-based combinations have evolved as the
standard for first-line systemic therapy for MUC. The metho-
trexate, vinblastine, doxorubicin, and cisplatin (MVAC) regimen
was reported to show an impressive complete remission rate of
approximately 40–50% with substantial toxicity and a toxic
death rate of 3–4% in MUC.(3,4) The gemcitabine and cisplatin
(GC) regimen provides almost the same response rate as MVAC
with less toxicity.(5) Neither of the two combinations proved
superior over the other with prolongation of survival up to 14.8
and 13.8 months for MVAC and GC, respectively.(6) With
cisplatin-containing combination chemotherapy, patients with
lymph node metastases only, good performance status, and ade-
quate renal function may achieve excellent response rates,
including a high degree of complete responses, with up to 20%
of patients achieving long-term disease-free survival.

However, no standard therapy has been established for
patients pretreated for MUC.(7) Recently, new combination regi-
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mens, including paclitaxel and gemcitabine,(8–10) and paclitaxel
and carboplatin,(11) indicated the efficacy and tolerability of pac-
litaxel-based therapy for the treatment of such patients. It has
also been shown that ifosfamide is one of the most promising
agents in salvage chemotherapy for MUC when it is given with
paclitaxel(12) or gemcitabine.(13,14) Combination regimens using
three agents, for example, paclitaxel, cisplatin, and methotrex-
ate,(15) gemcitabine, ifosfamide, and cisplatin,(16) or paclitaxel,
ifosfamide, and nedaplatin,(17) may provide higher response
rates and longer survival than those with two agents. A prelimin-
ary study(18) indicated that nedaplatin had a higher inhibition
index than cisplatin in all tissues from 12 urothelial cancer
patients by the histoculture drug response assay.(19) The results
suggest that nedaplatin can be effective for patients with pro-
gressive disease after cisplatin-based chemotherapies, such as
MVAC or GC, although nedaplatin is cross-resistant to cis-
platin.(20) Based on these data, this phase II study was carried
out to evaluate the efficacy and toxicity of a regimen combining
paclitaxel, ifosfamide, and nedaplatin (TIN) for MUC.

Materials and Methods

Eligibility. Patients eligible for study were those with a histo-
logical diagnosis of urothelial carcinoma of the bladder, ureter,
or renal pelvis who had progressive or recurring disease, mea-
surable disease according to the Response Evaluation Criteria in
Solid Tumors (RECIST) criteria, were previously treated with
MVAC or GC, aged ‡20 years, with an Eastern Cooperative
Oncology Group performance status of 0–2 and with adequate
bone marrow (neutrophil count ‡1000 cells ⁄ lL, platelets
‡50 000 cells ⁄ lL), hepatic (aspartate transaminase [AST] and
alanine transaminase [ALT] £1.5 · upper limit of normal,
unless there were liver metastases, in which case AST and ALT
£5.0 · upper limit of normal), and renal function (creatinine
clearance [CCr] ‡30 mL ⁄ min). Creatinine clearance was calcu-
lated according to the following formula: creatinine clearance
(mL ⁄ min) = (urine creatinine ⁄ serum creatinine) · urine volume
(mL) ⁄ (time [h] · 60]. All previous therapies for urothelial can-
cer had to be discontinued for ‡4 weeks before study entry and
all acute toxic effects, excluding alopecia or peripheral neuropa-
thy, of any prior therapy had to be recovered from. Life expec-
tancy had to be ‡12 weeks and all patients needed to provide
signed informed consent.

Exclusion criteria were: a serious uncontrolled medical disor-
der or active infection that would impair the ability to receive
study treatment; known allergy or hypersensitivity to paclitaxel,
ifosfamide, or nedaplatin; concomitant malignancy other than
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Table 1. Baseline characteristics of patients with metastatic uro-

thelial carcinoma who participated in this study

Characteristic n %

No. of patients 45 —

Median age, years (range) 68 (35–78) —

Male:female 32:13 —

ECOG performance status

0 35 77.8

1 6 13.3

2 4 8.9

Primary site

Bladder 26 57.7

Renal pelvis 13 28.9

Ureter 6 13.3

Metastatic sites

Lymph nodes 31 68.9

Pelvic mass 5 11.1

Lung 15 33.3

Liver 9 20.0

Bone 6 13.3

Adrenal 1 2.2

Ovary 1 2.2

Duodenum 1 2.2

Peritoneum 1 2.2

Contralateral renal pelvis 1 2.2

No. of sites with tumor involvement

1 25 55.6

2 14 31.1

‡3 6 13.3

Prior chemotherapy

MVAC 35 77.8

GC 10 22.2

—, Not applicable; ECOG, Eastern Cooperative Oncology Group; GC,
gemcitabine and cisplatin; MVAC, methotrexate, vinblastine,
doxorubicin, and cisplatin.

Table 2. Best overall response to paclitaxel, ifosfamide, and

nedaplatin as second-line chemotherapy regimen in 45 patients with

metastatic urothelial carcinoma

Response No. of patients (%)

CR 2 (4.4)

PR 16 (35.6)

SD 15 (33.3)

PD 12 (26.7)

Total 45 (100)

CR, complete response; PD, progressive disease; PR, partial response;
SD, stable disease.
urothelial cancer; and female patients who were pregnant or lac-
tating.

This study was carried out in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. Approval to
carry out the study was obtained from the institutional review
board before the start of the trial.

Treatment plan. Paclitaxel was given at 175 mg ⁄ m2 for 3 h
by i.v. infusion on day 1 after premedication (given 1 h previ-
ous) consisting of dexamethasone 20 mg, ranitidine 50 mg, and
diphenhydramine 50 mg. Ifosfamide was given at 1500 mg ⁄ m2

per day i.v. on days 1, 2, and 3 for 4 h ⁄ day (total dose
4500 mg ⁄ m2). Mesna uroprotection at 300 mg ⁄ m2 i.v. was
given with the ifosfamide infusion, then at 3 and 6 h afterwards.
Nedaplatin was given at 70 mg ⁄ m2 i.v., for 3 h on day 1 with
vigorous pre- and post-hydration and mannitol. The chemother-
apy schedule was recycled every 28 days. If the CCr was
<60 mL ⁄ min, the doses of ifosfamide and nedaplatin were
reduced to 3600 mg ⁄ m2 and 70 mg ⁄ m2, respectively, in the case
of 45 £ CCr < 60 mL ⁄ min, and 3375 mg ⁄ m2 and 35 mg ⁄ m2,
respectively, in the case of 30 £ CCr < 45 mL ⁄ min. If a com-
plete response (CR), partial response (PR), or stable disease
(SD) response was obtained and the disease site was considered
to be resectable after TIN treatment, salvage surgery or radiation
therapy was carried out.

Evaluation. Tumor response, the primary efficacy parameter,
was assessed every two cycles according to RECIST criteria,
version 1.0.(21) Complete response required the total disappear-
ance of all evidence of cancer for at least 4 weeks. Partial
response (PR) required a more than 30% reduction in the sum of
the longest diameters of the target lesions without any new
lesions for at least 4 weeks. The response status was reviewed
by a panel of independent experts. Secondary efficacy parame-
ters were overall survival (OS) and progression-free survival
(PFS). The qualitative and quantitative toxic effects were graded
in agreement with National Cancer Institute Common Toxicity
Criteria, version 3.0.

Statistical analysis. For the primary end-point, the percentage
of change in the sum of the longest diameter of the target lesion
from baseline to the best response was calculated and recorded
in a waterfall plot. For the secondary end-point, PFS was calcu-
lated from the first day of treatment to the date of the first docu-
mented disease progression or death from any cause. The
Standard Southwest Oncology Group Phase II design(22) was
used to plan this study on the assumption that the regimen would
not be of interest if the true response rate was <20%, but that it
would be of interest if the response rate was 40% or more.
Alpha (the significance level) and 1-beta (the power) were set as
0.05 and 0.90, respectively. If more than four of the first 25
patients obtained a response, planned accrual of 20 more eligible
patients was to be carried out. Overall survival was defined as
the time between the first day of treatment and date of death
from any cause. Patients remaining on-study or alive at time of
analyses were censored at the date of the last follow-up. The
probability of PFS and OS was estimated using the Kaplan–
Meier method.

Results

Patient characteristics. Between April 2005 and January
2010, 45 patients with advanced transitional cell cancer were
entered into this phase II study. Because a response was
obtained in 36.0% of the first 25 patients, 20 additional patients
were enrolled in this study. All patients were assessable for effi-
cacy and safety. The baseline characteristics of the patients are
presented in Table 1.

Extent of exposure. Altogether 108 cycles were given with a
median of two cycles per patient (range, 1–6). In eight (17.8%)
patients the drug doses were reduced due to renal dysfunction.
1172
Seven patients stopped therapy after only one cycle, either
because of progressive disease (two patients), patient choice to
withdraw from treatment (four patients), or the adverse effect of
AST ⁄ ALT elevation (one patient). Fifteen (33.3%) patients were
treated with three or more cycles of therapy.

Responses to treatment. Of the 45 patients, two CR and 16
PR were obtained (Table 2). Plots of serial tumor measurements
over time and a waterfall plot of the best response, to better
characterize antitumor activity, showed that 28 (62.2%) of the
45 patients had some degree of tumor reduction (Fig. 1). The
overall response rate was 40.0%. Overall, at follow-up, five
(11.1%) patients were progression free. The median PFS and
OS were 4.0 months (95% confidence interval [CI], 4.6–11.6)
and 8.9 months (95% CI, 10.5–18.9), respectively (Fig. 2).
Responses stratified by the first-line chemotherapy and disease
doi: 10.1111/j.1349-7006.2011.01909.x
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Fig. 1. Waterfall plot of percentage changes showing the best
response in each patient with metastatic urothelial carcinoma who
underwent second-line chemotherapy treatment with paclitaxel,
ifosfamide, and nedaplatin. *Appearance of a new lesion.
site are shown in Tables 3 and 4, respectively. There was no sig-
nificant difference in the objective response (OR) rate, PFS, or
OS between patients who received MVAC and those who
received GC as the first-line therapy (37.1% vs 50.0%, median
4.0 vs 5.6 months, and median 8.8 vs 9.9 months, respectively).
Six (13.3%) patients (one CR, four PR and one SD) underwent
salvage surgery or radiation therapy after TIN therapy. Of these
six patients, three (50.0%) were followed-up for 50, 50, and
49 months after the salvage surgery without recurrence.

Toxicity. There were no toxicity-related deaths with TIN.
Grade 3 ⁄ 4 leukopenia, neutropenia, thrombocytopenia, anemia,
anorexia, and elevated AST ⁄ ALT were noted in 42 (93.3%), 43
(95.6%), 8 (17.8%), 8 (17.8%), 2 (4.4%), and 1 (2.2%) patients,
respectively (Table 5). The median onsets of neutropenia and
thrombocytopenia for all grades were both 11 days. Ten
(22.2%) patients displayed febrile neutropenia and were treated
with antibiotics until the neutrophil count recovered and the
fever abated. Granulocyte-colony stimulating factor was given
as a treatment for neutropenia a median of five times per course
(range, 0–11). Peripheral neuropathy was observed in seven
(15.6%) patients, but no grade 3 ⁄ 4 neuropathy occurred.
Another common side-effect was alopecia in 100%.

Discussion

Although urothelial cancer is chemosensitive, there are insuffi-
cient data to provide a recommendation on standard second-line
chemotherapy.(6) Various regimens have been investigated in an
attempt to prolong survival for first-line chemotherapy-resistant
MUC. In second-line chemotherapy for MUC, a paclitaxel-
based regimen, such as paclitaxel and cisplatin, or paclitaxel and
Fig. 2. Progression-free survival (A) and overall
survival (B) of urothelial cancer patients treated
with paclitaxel, ifosfamide, and nedaplatin as
second-line chemotherapy.
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carboplatin, provided 30–70% OR rates and a median OS of
7.9–11.5 months.(8–11) Phase II trials of a gemcitabine ⁄ ifosfa-
mide regimen had a 21–22% OR with a median OS of 4.8–
9.0 months.(13,14) A paclitaxel ⁄ ifosfamide regimen gave a 15%
OR with a median OS of 8 months.(12) Thus, combinations of
two anticancer drugs had similar results, that is, a median OS of
6–12 months.

A phase II study of gemcitabine, ifosfamide, and cisplatin
(gemcitabine 800 mg ⁄ m2, ifosfamide 1000 mg ⁄ m2, and cis-
platin 30 mg ⁄ m2, on days 1, 8, and 15 on a 28-day cycle) for
MUC(16) provided an OR of 40.8% with a median OS of
9.5 months. However, the intended schedule of weekly doses
given three times per cycle was not deliverable due to hemato-
logic toxicity. Thus significant toxicity can be expected and is of
concern, especially in patients who have undergone several
courses of first-line chemotherapy. Shinohara et al.(17) invented
the TIN regimen by modification of paclitaxel ⁄ ifosfamide ⁄
cisplatin(23) with the aim of higher relative dose intensity with
lower toxicities for MUC patients who had received prior che-
motherapy. They used nedaplatin, a second-generation platinum
complex with lower renal and gastrointestinal toxicities than cis-
platin,(24) instead of cisplatin, and reported a surprising result, a
75% OR (16% CR + 59% PR) with a median OS of 22 months.

The OR of 40% and the median survival of 8.9 months in this
study are similar to those for paclitaxel ⁄ gemcitabine(8–10) rather
than the first report on TIN by Shinohara et al.(17) One of the
reasons explaining this is a difference in patient characteristics
between the two studies of TIN. First, this study included only
eight (17.8%) patients who had a CR or PR after the first-line
chemotherapy, which indicated a good response to TIN
(Table 3). In contrast, 14 (43.8%) such patients were treated by
TIN in Shinohara’s study. Another possibility is that Shinohara’s
study included fewer patients with visceral metastases (lung and
liver metastasis in 18.8% and 6.3% of the patients, respectively)
than others,(8–11) including this study. Nineteen (42.2%) of the
patients in this study had multiple organ diseases, which showed
lower responses to TIN than lymph node or lung metastasis
(Table 4).

Grade 3 ⁄ 4 neutropenia, thrombocytopenia, and anemia were
noted in 43 (95.6%), eight (17.8%), and seven (15.6%) patients,
respectively. Although most of the patients displayed hemato-
logical toxicity, these adverse effects were manageable and no
delay in the start of chemotherapy was required. One patient
stopped the therapy because of AST ⁄ ALT elevation due to aller-
gic hepatitis induced by the polyoxyethylated castor oil solvent
used for paclitaxel. No other patient discontinued this treatment
due to toxic effects. Thus, the TIN regimen was well tolerated
with hematological toxicity being the most significant side-
effect.

Salvage surgery after the chemotherapy might have favorably
impacted the observed survival in this series. However, post-
chemotherapy metastasectomy is still controversial. Dodd
et al.(25) reported that salvage surgery after MVAC contributed
to long-term survival with a 5-year survival of 33%. Abe
et al.(26) showed the impact of metastasectomy on survival in
Cancer Sci | June 2011 | vol. 102 | no. 6 | 1173
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Table 3. Objective response (OR) to paclitaxel, ifosfamide, and

nedaplatin (TIN) as second-line chemotherapy in 45 patients with

metastatic urothelial carcinoma, stratified by response to first-line

chemotherapy

Response to first-line

chemotherapy

Response to TIN

n CR (%) PR (%) OR (%)

CR 2 1 (50.0) 1 (50.0) 2 (100.0)

PR 6 0 (0.0) 4 (66.7) 4 (66.7)

SD 12 0 (0.0) 2 (16.7) 2 (16.7)

PD 12 0 (0.0) 4 (33.3) 4 (33.3)

NE 13 1 (7.7) 5 (38.5) 6 (46.2)

Total 45 2 (4.4) 16 (35.6) 18 (40.0)

CR, complete response; NE, not evaluable (neoadjuvant or adjuvant
chemotherapy); PD, progressive disease; PR, partial response;
SD, stable disease.

Table 4. Objective response (OR) to paclitaxel, ifosfamide, and

nedaplatin (TIN) as second-line chemotherapy in 45 patients with

metastatic urothelial carcinoma, stratified by disease sites

Disease site
Response to TIN

n CR (%) PR (%) OR (%)

Multiple organs 19 1 (5.3) 3 (15.8) 4 (21.1)

Lymph nodes 19 1 (5.3) 9 (47.4) 10 (52.6)

Lung 4 0 (0.0) 3 (75.0) 3 (75.0)

Duodenum 1 0 (0.0) 0 (0.0) 0 (0.0)

Ovary 1 0 (0.0) 0 (0.0) 0 (0.0)

Local 1 0 (0.0) 1 (100.0) 1 (100.0)

Total 45 2 (4.4) 16 (35.6) 18 (40.0)

CR, complete response; PR, partial response.

Table 5. Toxicity profile of 45 patients who underwent treatment

with paclitaxel, ifosfamide, and nedaplatin as second-line chemo-

therapy for metastatic urothelial carcinoma

Toxicity
Grade (all cycles), no. of patients (%)

1 2 3 4

Hematologic

Leukopenia 0 (0) 2 (4.4) 21 (46.7) 21 (46.7)

Neutropenia 0 (0) 1 (2.2) 2 (4.4) 41 (91.1)

Thrombocytopenia 10 (22.2) 10 (22.2) 5 (11.1) 3 (6.7)

Anemia 10 (22.2) 14 (31.1) 7 (15.6) 0 (0.0)

Febrile neutropenia 10 (22.2)

Non-hematologic

Anorexia 12 (26.7) 13 (28.9) 2 (4.4) 0 (0.0)

Vomiting 3 (6.7) 0 (0.0) 0 (0.0) 0 (0.0)

Peripheral neuropathy 0 (0.0) 7 (15.6) 0 (0.0) 0 (0.0)

AST ⁄ ALT, elevated 0 (0.0) 0 (0.0) 1 (2.2) 0 (0.0)

Creatinine, elevated 0 (0.0) 1 (2.2) 0 (0.0) 0 (0.0)

Alopecia 0 (0.0) 45 (100.0) 0 (0.0) 0 (0.0)

Toxic effects were graded in agreement with National Cancer Institute
Common Toxicity Criteria, version 3.0. ALT, alanine transaminase;
AST, aspartate transaminase.
patients with MUC. The median OS was 42 months for patients
who underwent postchemotherapy surgery, which was signifi-
cantly longer than that for patients without surgery
(10 months).(26) In contrast, Otto et al.(27) reported that surgical
resection had no impact on survival but only on the quality of
life of patients with symptomatic disease. This study showed
that patients with a small number of metastatic sites who under-
went salvage resection had more favorable survival. Although
there is a limitation because of the small number of patients in
1174
this study, properly selected patients may be considered for
consolidation surgery.

The main limitation of this study is that only 10 patients
(22.2%) who were previously treated with GC were included.
Recently, more patients with MUC undergo GC rather than
MVAC as their first-line chemotherapy because of the antican-
cer activity and lower toxicity of GC, which means that there
are fewer gemcitabine-naı̈ve patients at the time of second-line
chemotherapy. Although paclitaxel ⁄ gemcitabine is hematologi-
cally less toxic than TIN, a regimen other than gemcitabine
should be considered. Further studies are needed including more
GC-failure patients.

In conclusion, TIN therapy is a tolerable and active regimen
for treating MUC after MVAC or GC failure. We suggest that
TIN can be one of the options for second-line chemotherapy for
MUC patients in the GC era. Salvage surgery can be offered to
patients with a good response to TIN, which may provide longer
survival.
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