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Docetaxel and gemcitabine combination therapy in advanced
transitional cell carcinoma of the urothelium: results of a
phase II and pharmacologic study
Herlinde Dumeza, Marc Martensb, Johan Selleslacha, Gunter Guetensa,
Gert De Boecka, Rita Aertsa, Ernst A. De Bruijna, Robert A. Maesc and
Allan T. van Oosteroma

Our objective was to determine the response to

gemcitabine plus docetaxel in advanced urothelial

transitional cell carcinoma in a phase II trial, and

gemcitabine distribution between plasma and erythrocytes,

following docetaxel administration. Patients with locally

advanced or metastatic transitional cell carcinoma,

following a maximum of one prior chemotherapy regimen,

were given gemcitabine 800 mg/m2 on days 1 and 8 plus

docetaxel 85 mg/m2 on day 8, every 21 days. Gemcitabine

was measured in the plasma and erythrocytes of nine

patients before and after docetaxel administration.

Thirty-four patients (median 63 years; range 49–79 years),

of whom seven had prior chemotherapy and 27 were

chemotherapy-naive, received a median of six cycles

(range 1–6). Complete and partial remissions were

observed in two and 16 (including three pretreated)

patients, respectively, for an overall response rate of 53%.

Median response duration was 5 months (range 1–39 + ).

Haematoxicity was manageable, despite grade 3 infections

in 24% of patients, but other toxicities were mostly mild.

An apparent shift of gemcitabine from plasma to

erythrocytes occurred after docetaxel in five of six

patients evaluable for this analysis. We conclude

gemcitabine plus docetaxel is tolerable and highly active in

treated and untreated patients with advanced transitional

cell carcinoma. Anti-Cancer Drugs 18:211–218 �c 2007
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Introduction
Transitional cell carcinoma (TCC) of the urothelium is

considered a chemosensitive malignancy. For more than a

decade, the combination regimen of methotrexate/

vinblastine/doxorubicine/cisplatin (M-VAC) has been

considered the standard for these patients. On the basis

of encouraging results with the combination of gemcita-

bine and cisplatin (GC), a phase III trial comparing GC

with M-VAC randomized 405 patients, and showed that

the two regimens are associated with similar response

rates, time to progression and overall survival, whereas

GC is less toxic than M-VAC. On the basis of this superior

risk–benefit ratio, the GC regimen should be favoured as

a new standard treatment in patients with locally

advanced and metastatic TCC of the urothelium [1].

The overall response rate for GC ranges from 41 to 57%,

with a complete remission (CR) rate of 15–22% and a

median survival of 12.5–14.3 months. This combination

chemotherapy can provide palliation, but only a moderate

survival advantage, and few patients achieve long-term

disease control. These modest results and the unsuccess-

ful attempt to increase efficacy with dose-intensive

M-VAC schedules have prompted the identification of

new active combinations in TCC, such as taxanes and

gemcitabine. Triplets of these drugs with platinum are

also currently being compared with GC and M-VAC [2,3].

We favoured the combination of gemcitabine and

docetaxel because it is useful as a second-line treatment

after M-VAC and as a first-line treatment in patients with

impaired renal function.

Gemcitabine is an analogue of the nucleoside deoxy-

cytidine and is inactive in its parent form. Intracellular

phosphorylation of the parent drug yields the active

diphosphate and triphosphate metabolites. The

diphosphate form inhibits ribonucleotide reductase

(an enzyme important for DNA biosynthesis), whereas

the triphosphate form is incorporated into DNA, in

competition with the normal nucleotide base deoxycyti-

dine, as a fraudulent base [4]. Once the gemcitabine

triphosphate metabolite is incorporated into DNA,

one additional nucleoside is incorporated, after which

DNA chain synthesis is terminated. This ‘masked

chain termination’ leaves the fraudulent base relatively
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resistant to excision repair by DNA repair enzymes and

thus may overcome a key mechanism in the development

of drug resistance [5].

Docetaxel, a semisynthetic analogue of paclitaxel, func-

tions by stabilizing tubulin, which results in the

inhibition of mitotic and interphase cellular functions

[6]. Docetaxel induces phosphorylation of bcl-2, promot-

ing apoptosis. The combination of DNA synthesis

termination by gemcitabine and the promotion of

apoptosis by docetaxel may lead to a synergistic effect

of these two agents in vivo.

We performed this trial to assess the antitumour effect of

the combination of gemcitabine (Gemzar) and docetaxel

(Taxotere) in patients with advanced TCC of the

urothelium, and to further evaluate the toxic effects of

this combination [7]. Blood sampling was performed in

nine patients to determine the gemcitabine concentra-

tions in plasma and erythrocytes, and assess the altera-

tions in gemcitabine distribution following docetaxel

administration (as detected in our phase I study [8]).

Patients and methods
Eligibility

Patients with histologically confirmed TCC of the

bladder or urinary tract, with measurable locally advanced

disease considered unresectable for cure or with measur-

able metastases, and who had received a maximum of one

previous chemotherapy regimen for the treatment of

their TCC were eligible if they met the following criteria:

adequate organ function [defined as absolute neutrophil

count (ANC) Z 2000/ml, platelet count Z 100 000/ml,

normal bilirubin, aspartate aminotransferase (ASAT) and

alanine aminotransferase (ALAT) < 2� upper normal

limit (UNL), alkaline phosphatase < 2.5 UNL or

< 5 UNL if of bone origin; creatinin clearance > 20 ml/

min]; age Z 18 years; a World Health Organization

performance status < 2; and an estimated life expec-

tancy > 12 weeks. Previous chemotherapy or radio-

therapy had to be completed at least 4 weeks before

enrolment. Patients with other severe medical illnesses

were excluded: uncontrolled congestive heart failure,

angina pectoris, hypertension or arrhythmia, myocardial

infarction within 1 year, significant neurological or

psychiatric disorders, active infection, active ulcer disease

and unstable diabetes mellitus or other contraindications

to corticotherapy, pre-existing ascites, pleural or peri-

cardial effusion. Pregnant or lactating women and

patients unwilling to use adequate contraception were

also excluded. Other exclusion criteria were: symptomatic

or known central nervous system metastases; existing

peripheral neuropathy grade 2 or more; previous or

concurrent second primary malignancies; concurrent

treatment with experimental drugs; participation in

clinical trials with experimental agents within 30 days

of study entry; and prior use of taxoids, gemcitabine or

other nucleoside analogues. All patients provided written

informed consent and agreed to regular follow-up. The

protocol was approved by the institutional medical ethics

committee.

Treatment plan

Patients received gemcitabine 800 mg/m2 in 250 ml NaCl

0.9% intravenously over 30 min on days 1 and 8.

Docetaxel (provided by Aventis Pharma, Brussels,

Belgium) was administered intravenously at a dose of

85 mg/m2 in 250 ml glucose 5% over 1 h on day 8 before

gemcitabine. A 1-h interval exists between the end of

docetaxel infusion and the start of gemcitabine adminis-

tration on day 8. Treatment cycles were repeated every

21 days in an outpatient setting. This schedule was

determined by our phase I study [7].

The premedication for docetaxel was methylprednisolone

32 mg orally twice daily, starting on day 7 in the evening

and continuing for the next 2 days. Prophylactic

granulocyte colony-stimulating factor or other haemato-

poietic growth factors were not allowed during the first

cycle of treatment. In cases of neutropenic fever or

prolonged neutropenia grade 4 (< 500/ml for a minimum

of 5 days), granulocyte colony-stimulating factor was

given prophylactically on subsequent cycles. Further

supportive treatment (e.g. antiemetics, antiallergics,

analgesics) was given as medically indicated and reported

in the case report forms. Concomitant radiotherapy was

not allowed, unless for local pain control to a small area

not encompassing the solely measurable lesion.

Treatment continued for six cycles unless there was

evidence of unacceptable toxicity or progressive disease

(PD), patient refusal, or when it was no longer in the best

interests of the patient according to the treating

physician.

Evaluations during treatment

Pretreatment evaluations included: history and physical

examination; complete blood count with differential and

platelet count; biochemical profile (calculation of the

creatinin clearance with the Cockroft and Gault formula);

electrocardiogram; chest radiograph; and computed

tomography (CT) scan of the chest, abdomen and

pelvis with documentation of tumour measurements

within 2 weeks before the start of the study.

Complete blood counts were performed weekly during

treatment. A history was taken, including concurrent

illness and concomitant medication, and a physical

examination was performed before each treatment cycle;

toxicities were scored according to the National Cancer

Institute Common Toxicity Criteria (NCI-CTC version

2.0) on days 1 and 8 of every cycle before each treatment.
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The biochemical profile was also assessed on days 1 and 8

of each cycle. The weight of the patient was recorded on

every cycle to document any weight gain attributable to

oedema.

CT scans and chest radiographs were repeated every two

cycles to assess response. It was intended that all patients

with stable disease (SD), CR or partial response (PR)

had CT scans approximately 3-monthly following the end

of the study, until there was evidence of disease

progression.

Dose adjustments

If the ANC was less than 1500/ml or the platelet count

less than 100 000/ml on day 1 of a treatment cycle,

treatment was delayed 1 week. Patients in whom the

ANC or platelet counts had not recovered after a 2-week

delay were withdrawn from the study. If the ANC was

1000–1499/ml or the platelets 75 000–99 000/ml on day 8,

docetaxel and gemcitabine were given at 75% of the day 1

doses. If the ANC was less than 1000/ml or the platelet

count less than 75 000/ml on day 8, docetaxel and

gemcitabine at the day 8 dose were postponed until

recovery (with a maximum of 2 weeks postponement).

Hypersensitivity reactions occurring during docetaxel

infusions despite premedication were appropriately

treated according to their severity by slowing the infusion

rate, interrupting the infusion, giving dexamethasone and

promethazine, and resuming the infusion, or discontinua-

tion in the most severe cases (bronchospasm, generalized

urticaria, hypotension and angio-oedema). The dose was

not reduced in cases of fluid retentions. The clinical

tolerance of the patient, the overall tumour response and

the medical judgement of the investigator determined if

it was in the best interest of the patient to continue in

association with diuretics or to discontinue the study

drug. In cases of grade 3/4 neurotoxicity, the patient was

withdrawn from the protocol. Nephrotoxicity, with a

reduction in creatinine clearance to < 20 ml/min, delayed

gemcitabine administration until recovery (maximum

2 weeks). The directives concerning hepatic dysfunction

were as follows: ASAT and ALAT > 2.5 and r 5 UNL,

respectively, with alkaline phosphatase levels r 2.5 UNL

warranted a dose reduction of 25% of both drugs; ASAT

and ALAT > 1.5 and r 5 UNL, respectively with

alkaline phosphatase levels > 2.5 and r 5 UNL also

warranted a dose reduction of 25% of both drugs; ASAT

and ALAT > 5 UNL or alkaline phosphatase levels

> 5 UNL (unless bone metastases were present in the

absence of any liver disorder) warranted a dose delay of a

maximum of 2 weeks. In cases of an abnormal bilirubin,

drug administration was delayed by a maximum of 2

weeks. Patients who did not recover to the minimum

requirements after 2 weeks delay were withdrawn from

the study. If patients experienced other grade 3 or 4

nonhaematological toxicities (except alopecia and nail

changes), treatment was postponed for 2 weeks, and

resumed if the toxicity resolved to grade 2 or less.

Bioanalytical method for gemcitabine determination in

plasma and red blood cells

In nine patients, after obtaining appropriate informed

consent, blood samples were collected immediately

before gemcitabine infusion on day 1, at the end of the

infusion (30 min) and 90 min thereafter to determine

gemcitabine concentrations in plasma and erythrocytes.

On day 8, blood samples were drawn at the following time

points: before the start of the docetaxel infusion, 30 min

thereafter, 1 h after the end of the docetaxel infusion (i.e.

just before the start of gemcitabine infusion), 90 min

after the end of the gemcitabine infusion, and once

between 13:30 and 21:30 h after the end of the

gemcitabine infusion.

Erythrocytes were separated from plasma with the

MESED device in three centrifugation steps [8] and

both specimens were immediately frozen at – 201C until

further analysis.

To extract gemcitabine from plasma, 100 ml of the internal

standard 20-deoxycytidine (1.0 mg/ml) was added to 200 ml

of plasma. After vortexing, the sample was treated with

6 ml of isopropanol (15%) in ethyl acetate and mixed

thoroughly. After centrifugation, the organic phase was

transferred to another polypropylene tube and evaporated

until dry. The residue was redissolved in 1 ml of the

mobile phase (see below, a 5�dilution) and filtered over

a 0.45-mm polyvinylidine diflouride high-performance

liquid chromatographic (HPLC) filter (Acrodisc; Waters

Milford, USA) for HPLC injection (20 ml).

In the sample pretreatment of the erythrocytes, 400 ml of

demineralized water was added to 100 ml of red blood

cells (RBCs). After vortexing and lysis of the RBCs,

100 ml of the internal standard was added and the sample

was then treated in the same way as described for the

plasma extraction.

A HPLC method was used and validated for the

determination of gemcitabine and its main circulating

metabolite 20-difluoro-20,20-deoxyuridine in human plasma

and erythrocytes, with 20-deoxycytidine as internal

standard. Separation was achieved on a Chrompack

Spherisorb ODS-2 (Varian Chrompack International,

Middelburg, The Netherlands) reversed-phase column

(25 m� 4.6 mm, 5 mm). The mobile phase was Pic B7

reagent (Waters Milford, USA) in 15% methanol (pH 3.1)

with a flow rate of 1.0 ml/min. Gemcitabine and

20-deoxycytidine are detected by ultraviolet detection at

270 nm. The limit of quantitation was about 100 ng/ml for

gemcitabine. Within-run and between-run precisions

were less than 10%, and average accuracies were between

90 and 110%.
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The erythrocyte sample pretreatment procedure for

gemcitabine was not essentially different from that

reported previously. The internal standard work solution

(10mg/ml; 300 ml) and 50 ml of the tetrahydrouridine

solution (10 mg/ml) extracted with isopropanol (15%) in

ethyl acetate (2� 5 ml) was transferred to another

polypropylene tube and evaporated (as described above).

The residue was resuspended in 1 ml of mobile phase

(a 5�dilution) and filtered over a 0.45-mm polyvinylidine

diflouride filter for HPLC injection (20 ml).

Separation was achieved on a Chrompack Spherisorb

ODS-2 reversed-phase column (250�4.6 mm ID, 5 mm).

The mobile phase was Pic B7 reagent (Waters Milford,

USA) in 15% methanol (pH 3.1) with a flow rate of

1.0 ml/min. Gemicitabine and 20-deoxycytidine were

detected by ultraviolet detection at 270 nm. The order

of elution was 20-deoxycytidine followed by gemcitabine.

Response criteria

Patients who had received at least one cycle of treatment

were evaluable for response, on the basis of a set of target

lesions selected before the first treatment. A maximum of

five lesions were chosen from the same organ site, with a

maximum of 10 representative lesions. A target lesion was

defined as a lesion of at least 1 cm diameter on spiral CT

scan, or at least 2 cm diameter on chest radiograph or

clinical measurements with callipers. Lesions in an

irradiated area could be used as targets if the radiotherapy

had ended 3 months before study entry and provided that

they had since either progressed or appeared. Response

Evaluation Criteria in Solid Tumours were used to

determine best overall response [9]. A CR was defined

as the disappearance of all lesions; a PR defined as at least

a 30% decrease in the sum of the longest diameter of the

target lesions, taking as a reference the baseline sum; and

PD defined as at least a 20% increase in the sum of the

longest diameter of the target lesions, taking as a

reference the smallest sum recorded since the start of

the treatment or the appearance of new lesions. SD was

defined as neither sufficient shrinkage to qualify for PR

nor sufficient increase to qualify for PD, at least 6 weeks

after the start of the treatment. Best overall response

(OR) was the best response designation recorded from

the start of treatment until disease progression or

recurrence. CR and PR had to be confirmed by two

evaluations at least 4 weeks apart, but the date of best

response was the date that the best response was first

detected. The duration of response was measured from

the date CR or PR criteria were first met to the date of

recurrent disease, or objective progression in the absence

of other treatment.

All participants underwent CT scans to assess response

approximately every 6 weeks (two cycles) during treat-

ment and approximately every 3 months after completion

of treatment.

Statistical analysis

A Simon two-stage phase II study design was used where

the unacceptable and promising response rates were

designated as 10 and 30%, respectively. A test was initially

performed when the first seven patients were evaluable

for response. The trial would have been stopped if one

response or less was observed in these first seven

patients, with the conclusion that the combination was

ineffective and should not be investigated further. As two

or more responses were seen, accrual of additional

patients was planned until a minimum of 25 patients

were evaluable for response. The regimen was to be

declared promising if five or more responses were

observed among these 25 patients. The high response

rates observed prompted the inclusion of additional

patients, who were also included in this analysis.

The duration of response was calculated by Kaplan–Meier

methodology for all patients who had an objective

response. In this analysis, the duration of response was

measured from the date of start of treatment to the date

of documented progression. If another treatment was

started before documented progression, the duration of

response was ‘censored’ on the day of the start of the

new treatment. Overall survival was also depicted by

Kaplan–Meier methodology.

Results
Patient characteristics

Thirty-four patients with advanced TCC of the urothe-

lium, nine women and 25 men, were enrolled into the

study between March 1999 and April 2001 (Table 1). The

median age was 63 years (range 49–79 years) with a

median WHO performance status of 1 (range 0–2; only

two patients had a WHO performance status of 2). The

primary tumour site was the bladder in majority of the

patients (26), the kidney (pyelon, calyx) in five and the

ureter in three. Seven had progressed after first-line

systemic chemotherapy (M-VAC, cisplatin, methotrexate

and vinblastine or carboplatin, vinblastine and adriamy-

cin) and 27 (79%) had not received prior chemotherapy.

Twenty-eight patients (82%) underwent surgery for their

Table 1 Patient characteristics (N = 34)

Age (years) median (range) 63 (49–79)
Female/male 9/25
WHO performance status median (range) 1 (0–2)
Primary tumour site

bladder 26
kidney 5
ureter 3

Prior systemic chemotherapy
M-VAC 3
CMV 3
CVA 1

M-VAC, methotrexate, vinblastine, adriamycin and cisplatin; CMV, cisplatin,
methotrexate and vinblastine; CVA, carboplatin, vinblastine and adriamycin;
WHO, World Health Organization.
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primary tumour, but only one had been irradiated.

Sixteen had loco-regional advanced disease and/or patho-

logical lymph node invasion at the start of the study.

Thirteen patients presented with visceral metastases

(liver and/or lung), six had bone metastases and two had

muscle involvement. The median number of cycles

delivered per patient was six (range 1–6), with half the

patients receiving six cycles.

Adverse events

Thirty-four patients received a total of 152 cycles of

gemcitabine plus docetaxel chemotherapy during this

phase II trial.

The percentage of patients experiencing grade 3/4

adverse events is listed in Table 2.

Haematologic toxicity was common, including neutro-

penia grade 3 (13% of cycles), and grade 4 (9% of cycles),

thrombocytopenia grade 3 (3% of cycles), and anaemia

grade 3 (5% of cycles) plus one episode of anaemia grade

4. Five episodes of neutropenic fever (3% of cycles)

occurred, but there were no treatment-related deaths.

Important nonhaematologic toxicities included grade 3

cardiovascular toxicity (decompensation) in two patients,

hypotension grade 4 in one patient, diarrhoea grade 3 in

one patient, infection grade 3/4 in eight patients (26%),

pulmonary toxicity grade 3 in two patients and severe

peripheral oedema in two patients (moderate oedema

was present in another two). Alopecia developed in

all patients and most experienced mild fatigue or

asthenia. Almost half reported grade 1 or 2 nausea and/

or vomiting, and one-third developed mild anorexia. Nine

patients experienced flu-like symptoms and a cumulative

sensory neuropathy grade 1–2 occurred in five patients.

One was withdrawn from the protocol after his fifth

cycle because of pulmonary toxicity (deterioration in

diffusion capacity). All these toxicities were reported by

the investigator as possibly or probably study drug

related.

Treatment delays were required in 21 patients [in 43

(28%) cycles] and 12 patients required dose reductions or

omissions [in 20 (13%) cycles].

Treatment responses and survival

Response was not assessed in four patients: one patient

died from a severe pneumonia, judged by the investigator

as not drug related, before his first assessment; the

second did not return after the first administration of

gemcitabine on day 1 and was lost to follow-up; the third

was not assessed because the target lesion was not

measurable; and the fourth withdrew from the trial after

two cycles without assessment because of a rapidly

progressive deterioration, probably disease related. The

objective response rate was calculated from all 34 eligible

patients.

A CR was observed in two patients and a PR in 16, for an

OR rate of 53%. One of the patients with a CR had been

pretreated with mitomycin C bladder instillations after

transurethral resection (TURB) of the primary bladder

tumour and had presented with lymph node metastases.

She was still in CR when last seen in March 2004. The

second, a renal transplant patient, had a loco-regional

recurrence of TCC with multiple retroperitoneal and

cervical lymph nodes after nephro-ureterectomy and

partial cystectomy. Four months after achieving a CR,

she had a local recurrence in the bladder, removed by

TURB, and remained in CR at her last evaluation in

March 2004. One patient with a liver metastasis and a

pathological retroperitoneal lymph node 5 months after

cystoprostatectomy achieved a partial remission after six

cycles of gemcitabine–docetaxel and shows no signs of

progression as of March 2004 (3 years and 3 months

later). No major difference was seen in response rates

with respect to the primary tumour site, the site of

metastases (visceral or not) or pretreatment with

systemic chemotherapy. The median duration of

response, measured from the date of best response to

the date of disease progression, was 5 months (range

1–39 + months, ongoing). After 6 months, 29% of all

patients were progression free. Overall survival and

duration of response (calculated from the start of

treatment to progression) are shown in Figs 1 and 2

(Kaplan–Meier).

influence of docetaxel on the distribution of

gemcitabine

In nine patients, we had the opportunity to take blood

samples to determine gemcitabine concentrations in

plasma and RBCs. Partition ratios of gemcitabine (con-

centration in RBC/concentration in plasma) were calcu-

lated for each sample point on days 1 and 8. We noted a

highly significant (P < 0.001, linear fit, Fig. 1) concentra-

tion-dependent rise in partition ratios. The mean

partition ratio of gemcitabine on day 8 was 271%,

compared with 87% on day 1, indicating a shift of

Table 2 Frequency of grade 3 and 4 toxicities (152 cycles)

Toxicity Grade 3 Grade 4

No. of patients Percentage No. of patients Percentage

Infection 8 24 1 3
Dyspnoea 2 6
Peripheral oedema 2 6
Diarrhoea 1 3
Hypotension 1 3
Heart failure 2 6
Anaemia 8 1 0.65
Thrombocytopenia 4 5
Neutropenia 19 3 14 9
Neutropenic fever
( ± infection)

13 5 3
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gemcitabine into the erythrocytes after docetaxel

administration (P = 0.0548 unpaired Student’s t-test,

trend to significance).

Comparing the maximal concentration of gemcitabine

(Cmax) in plasma and RBCs on day 1 versus day 8, the

differentials were calculated for six evaluable patients

(Table 3).

Discussion
The combination of gemcitabine plus docetaxel is highly

active in patients with advanced TCC of the urothelium,

with an OR rate of 53%. Three PRs were observed among

the seven patients who had received previous platinum-

based chemotherapy. The responders were equally

divided concerning primary tumour localization and site

of the metastasis (visceral or pathological lymph nodes).

Of the five long-term survivors (two to more than 4

years), two progressed locally in the bladder shortly after

the end of the study, and needed a TURB and salvage

cystectomy, respectively, although their lymph node

metastases have remained in CR. The third patient,

who also had lymph node metastases, is still in CR and

the fourth has maintained a good PR of a liver metastasis.

One patient progressed on docetaxel and gemcitabine,

but responded on M-VAC and then had salvage surgery.

The 29% 6-month progression-free rate observed in this

study supports the conclusion that gemcitabine and

docetaxel is an effective regimen in this tumour type.

The regimen was generally well tolerated, with mostly

mild to moderate haematologic and nonhaematologic

toxicities. Only the infection rate was somewhat higher in

our trial population.

The results obtained with the combination of gemcita-

bine plus docetaxel are surprising in view of previous

studies assessing the activity of these drugs given as

single agent for TCC. The OR rate for single-agent

gemcitabine on the basis of five studies was 26%, which

was apparently independent of whether the patients had

received prior chemotherapy. Paclitaxel and docetaxel as

single agents have yielded OR rates of 7–56%, depending

on whether the patients had received prior chemotherapy

for metastatic disease. In the light of these data, and

considering the different mechanisms of action of both

drugs, they may exhibit true in-vivo synergy. Recently,

two phase II trials of the same drugs using different

administration schedules have been published, showing

OR rates of 17% (as second-line) and 33% [10,11]. The

higher response rate in our study (53%) can possibly be

explained by the greater fraction of chemotherapy-naive

patients together with a more favourable drug adminis-

tration schedule.

The other commercially available taxane, paclitaxel, has

also been studied in combination with gemcitabine in

advanced TCC. Two phase II studies were published in

2001, with OR rates of 54 and 60%. The response rates in

second-line treatment of metastatic disease were 47 and

Fig. 1
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Probability versus survival in months for the patients treated with
docetaxel and gemcitabine.

Fig. 2
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Probability versus time to progression in months for the patients treated
with docetaxel and gemcitabine.

Table 3 Differential (d) concentrations of gemcitabine on day 1
versus day 8

Patient no. dCmax plasma
(%)

(Massashift
in mg)

dCmax red blood
cells (%)

(Massashift
in mg)

1 + 21.4 ( + 1.27) + 973 ( + 37.3)
2 + 1.29 ( + 0.07) + 26.3 ( + 0.98)
3 – 4.74 ( – 0.19) + 1.06 ( + 0.04)
4 – 60.0 ( – 1.18) not evaluable
5 – 25.2 ( – 1.04) + 355 ( + 9.15)
6 – 27.5 ( – 1.97) – 54.6 ( – 2.01)
7 + 6.81 ( + 0.19) + 45.4 ( + 0.81)
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27%, respectively. The haematological toxicity seemed

somewhat higher than in the docetaxel combinations,

although this needs to be compared formerly to draw

definite conclusions [12,13]. Adding cisplatin to the

taxane–gemcitabine combinations results in OR rates

ranging from 58 to 80%, although these triplets can only

be given to chemotherapy-naive patients with adequate

renal function and cause considerable toxicity [3,14].

The combination docetaxel–gemcitabine has also shown

interesting activity in other tumour types. In studies of

extensively pretreated anthracycline-resistant breast

cancer patients, response rates ranged from 36 to 54%,

with median times to disease progression of 7–8 months.

In less pretreated patients, the combination produced an

OR of 79% [15,16]. It is noteworthy that objective

responses were also achieved with this regimen in some

patients who progressed while receiving taxane-based,

first-line therapy [17]. Alexopoulos et al. [18] performed a

phase II study with gemcitabine 900 mg/m2 on days 1 and

8 plus docetaxel 100 mg/m2 on day 8 every 3 weeks in 50

women with metastatic breast cancer refractory or

resistant to docetaxel monotherapy as first-line or

second-line treatment. Forty-six per cent of patients

responded, whereas 28% had SD with a median duration

of response of 6.1 ± 2.4 months [18]. In randomized

clinical trials, gemcitabine and taxane combinations have

produced response rates and survival outcomes equal to

older platinum-based regimens in non-small-cell lung

cancer patients. The improvement of disease-related

symptoms has outweighted toxicity in all these studies.

When combined with a platinum compound, they

produced the best results achieved to date in this disease

[19,20]. The combination of gemcitabine and docetaxel is

also a well-tolerated regimen in advanced pancreatic

cancer, with OR rates ranging from 18 to 27%. The

ultimate role of this combination versus single-agent

gemcitabine can only be determined by a randomized

phase III trial [21,22]. Sherman and Fine [23] showed

in vitro that these two agents were minimally effective

alone, but when combined they display additional

biochemical antiproliferative effects [23]. A 41% OR rate

in patients with advanced nonnasopharyngeal head and

neck cancer with first-line paclitaxel plus gemcitabine

should also be highlighted, although the median time to

progression was only 4 months [24]. Of 28 patients with

refractory germ cell tumours, six patients responded to

the combination of paclitaxel and gemcitabine, including

three complete responders [25].

As with most phase II single-institution studies, the

favourable results observed in this trial may not be

reproducible in the multi-institution setting or with

patients who would not have met the fairly rigorous

eligibility criteria of our study. Nevertheless, we have

demonstrated that the combination of gemcitabine plus

docetaxel is highly active in the first-line and second-line

setting for patients with advanced TCC. The promising

activity and limited toxicity observed in this study should

be confirmed in the multi-institution setting and the

regimen should be compared with the actual standard

therapy for advanced TCC (gemcitabine/cisplatin and

M-VAC) in a randomized phase III trial. Regardless, the

docetaxel–gemcitabine combination allows patients with an

impaired renal function, who cannot receive platinum-based

schedules, to be treated for their liver-threatening disease.

During our phase I study with docetaxel and gemcitabine,

administered in the same schedule as in this phase II

study, gemcitabine pharmacokinetics were found to be

changed significantly by coadministration of docetaxel.

The plasma concentrations of gemcitabine were signifi-

cantly lower during the distribution phase following

administration of docetaxel, compared with those on day

1. In that study, no RBC sampling had been performed.

We attempted to explore this finding further, with in-vitro

incubation experiments using volunteer blood [26]. In the

whole sample pool, no influence of docetaxel on the

partitioning of gemcitabine was detected, but on sub-

analysis we found significantly more gemcitabine in male

erythrocytes after docetaxel impregnation versus the

inversed sequence of incubation. This phase II study

gave us the opportunity to check these findings in vivo. Of

the nine patients sampled, only data from six were

evaluable because of various sample and technical

problems. The concentration-dependent rise in partition

ratios of gemcitabine between RBCs and plasma, seen in

our in-vitro experiments, was confirmed by the measure-

ments in the patients of this phase II study: at higher

whole blood concentrations (RBC + plasma concentra-

tions), a greater fraction of gemcitabine is present in the

erythrocytes relative to plasma. Following treatment with

docetaxel on day 8, there was a trend to higher partition

ratios of gemcitabine (mean 271%) than day 1 (mean

87%), (P = 0.0548). All but one of our sampled patients

was male, consistent with the in vitro data showing

relatively more gemcitabine in the male erythrocytes

following docetaxel incubation compared with females.

The sample size of our plasma data was not sufficiently

large to detect a significant decrease in plasma concentra-

tions of gemcitabine after docetaxel infusion, as seen in

our phase I study. Conversely, comparing the maximal

concentrations of gemcitabine in plasma and in erythro-

cytes on day 1 with day 8, a shift of gemcitabine is

apparent from plasma to erythrocytes after the adminis-

tration of docetaxel in five of the six evaluable patients

(46.3 mg in total). A similar phenomenon could explain

the decrease in plasma concentrations of gemcitabine

following docetaxel pretreatment in our phase I study, at

least in association with male erythrocytes. The role of sex

differences in the behaviour of RBCs when exposed to

gemcitabine remains unclear, but docetaxel, or other

substances in the formulation of this taxane, certainly

influences the RBC handling of gemcitabine.

Docetaxel and gemcitabine for urothelial cancer Dumez et al. 217

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



References
1 von der Maase H. Current and future perspectives in advanced bladder

cancer: is there a new standard? Semin Oncol 2002; 29:3–14.
2 Hussain M, Vaishampayan U, Smith DC. Novel gemcitabine-containing

triplets in the management of urothelial cancer. Semin Oncol 2002; 29:
20–24.

3 Bellmunt J, Guillem V, Paz-Ares L, Gonzalez-Larriba JL, Carles J, Albanell J,
et al. Gemcitabine/paclitaxel-based three-drug regimens in advanced
urothelial cancer. Eur J Cancer 2000; 36:17–25.

4 Huang P, Chubb S, Hertel LW, Grindey GB, Plunkett W. Action of 2020-
difluorodeoxycytidine on DNA synthesis. Cancer Res 1991; 51:
6110–6117.

5 Plunkett W, Huang P, Gandhi V. Preclinical characteristics of gemcitabine.
Anticancer Drugs 1995; 6:7–13.

6 Ringel I, Orwitz SB. Studies with RP-56976 (Taxotere): a semi-synthetic
analogue of Taxol. J Natl Cancer Inst 1991; 83:288–291.

7 Dumez H, Louwerens M, Pawinsky A, Planting AS, de Jonge MJ, van
Oosterom AT, et al. The impact of drug-administration sequence and
pharmacokinetic interaction in a phase I study of the combination of
docetaxel and gemcitabine in patients with advanced solid tumours.
Anticancer Drugs 2002; 13:583–593.

8 Driessen O, Highley MS, Harper PG, Maes RA, de Bruijn EA. Description of
an instrument for separation of red cells from plasma and measurement of
red cell volume. Clin Biochem 1994; 27:195–196.

9 Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein
L, et al. New guidelines to evaluate the response to treatment in solid tumors.
EORTC, NCI of the United States, NCI of Canada. J Natl Cancer Inst 2000;
92:205–216.

10 Dreicer R, Manola J, Schneider DJ, Schwerkoske JF, George CS, Roth BJ,
et al. Phase II trial of gemcitabine and docetaxel in patients with advanced
carcinoma of the urothelium: a trial of the Eastern Cooperative Oncology
Group. Cancer 2003; 97:2743–2747.

11 Gitlitz BJ, Baker C, Chapman Y, Allen HJ, Bosserman LD, Patel R, et al.
A phase II study of gemcitabine and docetaxel therapy in patients with
advanced urothelial carcinoma. Cancer 2003; 98:1863–1869.

12 Meluch AA, Greco FA, Burris HA 3rd, O’Rourke T, Ortega G, Steis RG, et al.
Paclitaxel and gemcitabine chemotherapy for advanced transitional cell
carcinoma of the urothelial tract: a phase II trial of the Minnie pearl cancer
research network. J Clin Oncol 2001; 19:3018–3024.

13 Sternberg CN, Calabro F, Pizzocaro G, Marini L, Schnetzer S, Sella A.
Chemotherapy with an every 2-week regimen of gemcitabine and paclitaxel

in patients with transitional cell carcinoma who have received prior cisplatin-
based therapy. Cancer 2001; 92:2993–2998.

14 Pectasides D, Glotsos J, Bountouroglou N, Kouloubinis A, Mitakidis N,
Karvounis N, et al. Weekly chemotherapy with docetaxel, gemcitabine and
cisplatin in advanced transitional cell urothelial cancer: a phase II trial.
Ann Oncol 2002; 13:243–250.

15 Fumoleau P. Gemcitabine combined with docetaxel in metastatic breast
cancer. Semin Oncol 2003; 30:15–18.

16 Yardley DA. Gemcitabine and taxanes as a new standard of care in breast
cancer. Clin Breast Cancer Suppl 2004; 433:S107–S112.

17 Georgoulias VA. Docetaxel/gemcitabine: salvage chemotherapy in
anthracycline-pretreated patients with advanced breast cancer. Oncology
2001; 15:18–24.

18 Alexopoulos A, Tryfonopoulos D, Karamouzis MV, Gerasimidis G, Karydas I,
Kandilis K, et al. Evidence for in vivo synergism between docetaxel and
gemcitabine in patients with metastatic breast cancer. Ann Oncol 2004;
15:95–99.

19 Natale RB. Gemcitabine and taxane combinations in non small-cell lung
cancer. Clin Lung Cancer 2000; 2:S15–S21.

20 Georgoulias V. Docetaxel (Taxotere) in the treatment of non-small cell lung
cancer. Curr Med Chem 2002; 9:869–877.

21 Schneider BP, Ganjoo KN, Seitz DE, Picus J, Fata F, Stoner C, et al. Phase II
study of gemcitabine plus docetaxel in advanced pancreatic cancer:
a Hoosier Oncology Group study. Oncology 2003; 65:218–223.

22 Ryan DP, Kulke MH, Fuchs CS, Grossbard ML, Grossman SR, Morgan JA,
et al. A phase II study of gemcitabine and docetaxel in patients with
metastatic pancreatic carcinoma. Cancer 2002; 94:97–103.

23 Sherman WH, Fine RL. Combination gemcitabine and docetaxel therapy in
advanced adenocarcinoma of the pancreas. Oncology 2001; 60:316–321.

24 Fountzilas G, Stathopoulos G, Nicolaides C, Kalogera-Fountzila A,
Kalofonos H, Nikolaou A, et al. Paclitaxel and gemcitabine in advanced non-
nasopharyngeal head and neck cancer: a phase II study conducted by the
Hellenic Cooperative Oncology Group. Ann Oncol 1999; 10:475–478.

25 Hinton S, Catalano P, Einhorn LH, Loehrer PJ Sr, Kuzel T, Vaughn D, et al.
Phase II study of paclitaxel plus gemcitabine in refractory germ cell tumors:
a trial of the Eastern Cooperative Oncology Group. J Clin Oncol 2002;
20:1859–1863.

26 Dumez H, Guetens G, De Boeck G, Highley MS, de Bruijn EA,
van Oosterom AT, et al. In vitro partition of docetaxel and gemcitabine in
human volunteer blood: the influence of concentration and gender.
Anticancer Drugs 2005; 16:885–891.

218 Anti-Cancer Drugs 2007, Vol 18 No 2

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


