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In this phase I/II clinical trial the antitumor activity of high-dose tamoxifen when administered in combination with vinblastine was assessed
and the toxicity profile of this combination characterized. All 25 patients enrolled in this study were required to have androgen-independent
prostate cancer and to maintain androgen ablation during treatment. Vinblastine was given by continuous infusion over 5 days. Doses were
increased from 0.9 mg/m2/day to 1.5 mg/m2/day in successive cohorts of at least 3 patients, with no further escalation even in the absence of
dose-limiting toxicity. Intra-patient dose escalation was permitted. Tamoxifen was administered at a dose of 200 mg/kg on day 1, then 120
mg/kg/day on day 2. Standard response criteria were utilized to assess antitumor activity and CTC toxicity criteria were used. Quality of life
(QOL) pain assessments were evaluated at each visit to the clinic. Most patients tolerated the highest dose of vinblastine at 1.5 mg/m2/day by
continuous infusion over 5 days with 200 mg/kg/day of tamoxifen on day 1 and day 2. One patient had a greater than 50% decline in prostate-
specific antigen that lasted for 170 days. Two patients received dose reductions because of toxicity. The most common serious toxicities
included neutropenia, and fatigue. Reversible neurosensory, neuromotor, neurocortical and neurocerebellar toxicities were reported. Six of
the 25 patients enrolled in the study (24%) experienced reversible neurologic toxicity of at least grade III. No statistically significant
differences between precycle assessment of QOL and subsequent cycles were observed. It is concluded that vinblastine at 1.5 mg/m2/day
continuous IV infusion combined with tamoxifen 200 mg/kg/day on day 1 and day 2 is inactive, and not without toxicity in the treatment of
advanced metastatic androgen-independent prostate cancer.
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Prostate cancer is the most prevalent visceral malignancy

and the second most common cause of cancer-related

mortality in males in the USA (1, 2). This year it is

estimated that 170 000 men will be diagnosed and that

30 200 will die of prostate cancer (3). Testicular suppression

is the cornerstone of treatment for metastatic prostate

cancer (4). Although hormonal ablation is extremely

effective, androgen-independent disease will ultimately in-

tervene in most patients (4, 5). Treatment options for

androgen-independent prostate cancer are extremely limit-

ing, with no regimen showing a survival advantage (6�/8).

Cytotoxic chemotherapy has traditionally been felt to have

a minimal place in the treatment of prostate cancer after a

series of trials in the pre-PSA (prostate-specific antigen) era

failed to demonstrate significant clinical activity. More

recently, however, several agents are showing promise (i.e.,

docetaxel, mitoxantrone) (6�/8). Nonetheless, there is a

tremendous need for more active treatment options that are

more clearly targeted towards prostate-specific endpoints.

TGF-b plays an important role in regulating prostate cell

growth (9). TGF-b directly inhibits the growth of prostatic

carcinoma cells in vitro (10) and appears to have the same

effect in vivo (11). Loss of TGF-b responsiveness is an early

step in neoplastic transformation. Tamoxifen has been

shown to alter prostate cancer cell growth via a non-

estrogenic process similar to TGF-b (12). Tamoxifen

inhibits protein kinase C (PKC) and alters the TGF-b
transduction pathway by inducing p21. p21 induction is

associated with a decrease in the phosphorylation of Rb and

cell cycle arrest at the G1/S phase interface (12). Based on

those observations, we initiated a phase II trial of high-dose

tamoxifen in patients with androgen-independent metastatic

prostate cancer (34). Thirty patients were treated with 160

mg/m2/day tamoxifen. Steady-state plasma concentrations

�ORIGINAL ARTICLE �

# Taylor & Francis 2003. ISSN 0284-186X Acta Oncologica

DOI: 10.1080/02841860310010718



of 2.99/1.3 mM were reached. One patient had an 80%

decline in PSA and disease stabilization was observed in six

patients.

Vinblastine is a semi-synthetic, nitrogen-containing alka-

loid (13, 14). It inhibits mitosis in the metaphase and blocks

transition at the G2/M phase interface (15). This blockage is

associated with alterations of the fine structure of the

spindle. Vinblastine has some activity as a single agent, with

one report suggesting a response rate of 21% (16). At the

time of developing this protocol, vinblastine was showing

promise when combined with estramustine (17). Further-

more, the side effect profile of high-dose tamoxifen

(cerebellar) was considerably different from that of vinblas-

tine (i.e. myelosuppression). Furthermore, Trump et al. had

recently conducted a phase-I trial of high-dose tamoxifen

plus vinblastine (18). In that study, vinblastine as adminis-

tered at 1.5 mg/m2/day over 5 days and patients received up

to 520 mg/m2/day tamoxifen for 13 days. The maximum

tolerated dose as determined in that study was 300 mg/m2/

day tamoxifen and the regimen was well tolerated with no

unusual side effects reported. Based on these data, plus in

vitro evidence of synergy in several prostate cancer cell lines

(19), we conducted a phase-I/II trial in patients with

androgen-independent metastatic prostate cancer.

MATERIAL AND METHODS

Patient enrolment

All patients had androgen-independent metastatic prostate

cancer. All patients had failed testicular suppression with

either surgical or medical castration (medical castration was

continued throughout the duration of this study) and

antiandrogen withdrawal if an androgen receptor antago-

nist had been initiated. Clinically progressive disease was

characterized by two conditions: 1) PSA of at least 20 ng/ml

for those with intact prostates, or 10 ng/ml for those having

their prostate removed, ablated with radiation or cryosur-

gery, and 2) a documented 50% increase in PSA (2

measurements separated by at least one week). Patients

were required to have an ECOG performance status of 2 or

better and a life expectancy of more than 4 months. Patients

were excluded if they were on active therapy for their cancer,

or did not have progressive disease since their last treat-

ment. Patients were excluded from the trial if they had

received prior cytotoxic chemotherapy or an injectable

radioisotope. This trial was conducted prior to the publica-

tion of the PSA Consensus Guidelines for Eligibility and

Response in this population (20).

All patients were staged within 4 weeks prior to beginning

therapy by bone scan, CT scan of the abdomen and pelvis,

and chest x-ray. Baseline laboratory studies and bone

marrow core biopsy/aspirates were collected within 4 weeks

prior to starting therapy. Follow-up laboratory studies were

obtained at each visit to the clinic. PSA was obtained at

baseline, then monthly. Bone scans, x-rays of bone lesions

and CT scans were repeated after every three cycles. A

complete response was defined as complete disappearance

of all small tissue tumor masses for at least two measure-

ment periods separated by 4 or more weeks, normal PSA

for a 4-week period, recalcification of osteolytic lesions,

disappearance of osteoblastic lesions, and absence of

disease-related decline. Objective partial response was

defined as a decrease of 50% or greater in the sum of the

bidimensional products of all measurable soft lesions, a

greater than 50% decrease in the number of areas on bone

scans showing increased uptake, a greater than 50%

recalcification of osteolytic lesions and the resolution of

pleural effusion and/or lymphangitic spread. Progressive

disease was defined as an increase of greater than 25% of

the sum of the products of all measurable lesions, appear-

ance of any new lesion, a greater than 50% increase in PSA.

Stable disease was defined as neither responding nor

progressing. Declines in PSA were reported similarly to

those of the consensus conference guidelines (20). Patients

were removed from the study for progressive disease or

unacceptable toxicity. Toxicity was graded by the National

Cancer Institute’s Common Toxicity Criteria, version 1.0.

Dose-limiting toxicity (DLT) was defined as any grade 3 or

greater non-hematological toxicity within the first 28 days

of daily dosing, or absolute neutrophil concentration

(ANC) B/50 for more than 5 days or ANC B/500 of any

duration with fever, occurring in at least 2 out of 6 patients.

Maximum tolerated dose (MTD) was defined as one dose

level below that dose level at which DLT was seen.

This study was approved by the NCI’s Institutional

Review Board and all patients signed an informed consent

prior to participating in the trial.

Study design

Patients received tamoxifen for one week before starting on

vinblastine. The first cycle of vinblastine and tamoxifen was

28 days while all other cycles were 21 days in duration. The

first cohort of 3 patients was started on 0.9 mg/m2/day�/5

days CIV of vinblastine. If the doses were well tolerated for

one cycle, the dose was increased to 1.2 mg/m2/day�/5 days,

if this dose was tolerated for 1 cycle, the dose was increased

to 1.5 mg/m2/day�/5 days. If 3 patients completed a dose

level and had not experienced DLT, then this level of dosing

was complete. Patients whose doses were escalated to a new

dose level could be counted as one of the three necessary

patients at both dose levels. If DLT was observed, an MTD

below 1.5 mg/m2/day�/5 days was defined and this dosage

was used in the phase-2 portion of the trial. If one patient

experienced DLT, three additional patients were accrued at

that dose level. If no other patient experienced DLT, then

accrual continued in groups of 3. If one additional patient

experienced DLT, then the next lower dosage level was the

MTD for the phase 2 portion of this trial. Even if DLT was
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not reached at 1.5 mg/m2/day�/5 days, no further dose

escalation was allowed (Table 1).

Drug administration

Tamoxifen (Nolvadex†) was provided by Zeneca Pharma-

ceuticals (Wilmington, DE) and vinblastine was purchased

by the NIH pharmacy as a generic commercial product.

Patients were administered a loading dose of 200 mg

tamoxifen on day 1. Approximately one week after starting

the daily dosing of 120 mg of tamoxifen, vinblastine was

given as a continuous infusion for 5 days.

Statistics

Statistical evaluation of results from pain/quality of life

survey. Seventeen of the 25 (68%) patients enrolled in this

trial provided at least one response to a survey focusing on

quality of life and pain while on treatment. We concentrated

on the results from five questions that were to be answered

prior to each of cycles 1 through 4 of therapy. From among

these 17 patients, based on 5 questions and up to 4 potential

time points, only 65.5% of the potential survey responses

were completed. Thus, the results obtained may not reflect

those of the entire set of treated subjects.

For each survey question, we cross-tabulated the pre-

cycle 1 response with the response for pre-cycles 2, 3 and 4.

Among the resulting contingency tables that had sufficient

data for statistical evaluation (at least 5 subjects addressing

both a pre-cycle 1 question and the same question at a later

cycle), we performed an exact marginal homogeneity test of

agreement between the two cycles (21). This test is a

generalization to tables larger than 2�/2 of the McNemar

test for differences in paired categorical data. In the case of

perfect agreement, indicating no change between pre-cycle 1

and each subsequent cycle, all of the counts would occur on

the main diagonal. The difference between pre-cycles 2, 3

and 4 values, and pre-cycle 1 values for each survey

question was calculated, using negative differences indicat-

ing that the later cycle value was less than the pre-cycle 1

value, and a positive value indicating the opposite. For the

four questions in which a larger value corresponded to more

pain, a negative difference indicated a decrease in pain; for

‘question 19’, the opposite was true.

RESULTS

Patient characteristics

Twenty-five patients with androgen-independent prostate

cancer were enrolled in this study (see Table 2). The average

age was 67 years (range 53�/78) and the median perfor-

mance status was 2 (96%). Seventeen out of 25 (68%)

patients had bone lesions at the start of treatment and 16

out of 25 (64%) had positive CT scans. Five of 25 (20%)

patients had received external beam radiation for pain

control. All 25 patients had failed hormonal ablation prior

to enrolling. The median time from diagnosis of prostate

cancer to the start of the clinical trial was 59 months (range,

6 to 143 months). At the time of initial diagnoses, 62% of

patients had an initial Gleason score between 5 and 7, while

38% of patients had scores between 8 and 10. Five patients

were receiving narcotics for pain control at the time of start

of treatment.

Clinical outcomes

Eighteen patients were removed from study owing to

progressive disease, 2 were removed because of toxicity, 3

came off treatment for other reasons and 2 patients refused

further treatment. Five patients were taken off-study within

30 days, while 3 patients were taken off-study between 31

and 60 days. One patient withdrew from study prior to

receiving vinblastine, 5 patients withdrew after receiving one

dose of vinblastine (1.2 mg/m2/day). Two patients had a 5/

25% increase in PSA for 131 days and 239 days, respectively.

One patient had a decline in PSA �/50% that lasted for 170

days (210 to 70.6 ng/ml).

Toxicities

Two patients required dose reductions because of toxicity.

Both patients had their treatment reduced from 1.2 mg/m2/

Table 1

Dosage levels

Dosage level Vinblastine dose (mg/m2/day) No. of patients

1 0.9 3

2 1.2 11

3 1.5 13

Table 2

Demographics of patients

No. of patients 25

Age: median 67 years (Range 53�/

78 years)

Performance status

Median 2

0 0 0%

1 1 4%

2 22 96%

Gleason at diagnosis (mean) 8

5�/6 3 12%

7 11 44%

8�/10 10 40%

No. of patients with bone

lesions at start

17/25 (68%)

No. of patients with positive

CT scans

16/25 (64%)

Date from diagnosis to on

study (months)

Avg. 59

months

(Range 6�/

143 months)
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day to 0.9 mg/m2/day for grade IV neutropenia, and 1.5 mg/

m2/day to 1.2 mg/m2/day, respectively, for grade IV neu-

tropenia.

The most common grade III toxicities were fatigue and

neurologic symptoms. Five patients experienced grade III or

greater fatigue. Six patients developed reversible grade III

neurologic symptoms including neurocortical, neurocere-

bellar, neuro-motor and neuro-sensory symptoms. Pain,

weakness, thrombosis, nausea and vomiting were also

reported (Table 3).

Quality of life analysis

The full set of results for pain as reported at various time-

points is reported in Table 4A�/E. As an example, for

question 1, pre-cycle 1, 7/15 (47%) of patients reported pain

‘once in a while’, with 4/15 (27%) reporting that they almost

never had pain, and the same fraction reporting pain several

times a week, or almost constantly. When pain is initially

reported (question 2), it is generally either very mild (8/15;

54%) or only mildly distressing (5/15; 33%). The magnitude

of individual changes through time is better illustrated in

Table 5, which presents the frequency of differences between

the indicated pre-survey responses for each of the 5 relevant

questions. For the first 4 questions, a positive change

corresponds to an increase in pain, while the reverse is

true for the last question. The number of subjects who

responded to each question at both of the indicated time-

points and the p-value for the marginal homogeneity test

are shown in the table; no statistically significant differences

were found at the 0.05 level. However, the sample sizes were

often quite small, and because only 17 of the 25 patients

completed any part of the survey, and from that group of

patients, over one-third of the questions were not answered

across the time-points, these results are not necessarily

representative of the results that would be obtained from all

participants in the trial.

DISCUSSION

Despite the increasing use of chemotherapy for patients

with androgen-independent prostate cancer, no agent or

combination of agents has been shown to have an impact on

disease survival (6). Factors that regulate the growth of

prostate cancer cells are not well understood. A deeper

understanding of prostate cancer regulatory pathways is

imperative to the development of new therapeutic agents in

the treatment of this disease. One approach towards

developing new therapeutic agents has been to use agents

that modulate the negative regulatory factors of prostate

cancer. Transforming growth factor-b (TGF-b), a cytokine

that controls cell proliferation, differentiation and death, is

capable of inhibiting prostate cell growth in vitro (22�/24).

The TGF-b family includes many related factors that have

diverse functions during embryonic development and adult

tissue homeostasis (25,26). They bind to membrane recep-

tors that have a cytoplasmic serine/threonine kinase/protein

kinase C (PKC) domain. PKC is a signaling enzyme in

regulating the growth and/or differentiation of a variety of

cell types and inhibition of PKC activity is associated with

the loss of regulatory function (27). Binding of the ligand

causes the assembly of a receptor complex that phosphor-

ylates proteins that bind DNA and recruit transcriptional

co-activators or co-repressors (25, 26). Phosphorylation

causes SMAD proteins to move into the nucleus, where they

assemble complexes that directly control gene expression.

Down-regulation of the TGF-b receptor has been asso-

ciated with prostatic carcinogenesis (28). Loss of respon-

siveness to TGF-b has been associated with clinical

progression of prostate cancer (11), and there is also some

speculation that it might be responsible for androgen-

independent disease. Tamoxifen (1-[p dimethylaminoethox-

yphenyl]-1,2-diphenyl-1-butene) has been shown to up-

regulate TGF-b production and activation by many cell

types including human prostate cancer cell lines (29) and

human breast cancer cell lines (30). Tamoxifen has also

been shown to inhibit prostate cancer cell growth by its

PKC inhibitory activity (31) and induction of p21wafl/cip 1

(12). Hence, Tamoxifen has been shown to reverse the early

molecular and cellular events leading to prostate carcino-

genesis (32).

Table 3

Highest achieved

Patient no. Dose level Days on HDT/VBN Off-study reason

1. 1 118 PD

2. 3 69 PD

3. 2 72 PD

4. 3 146 PD

5. 3 78 O

6. 2 21 O

7. 2 31 PD

8. 2 96 O

9. 3 70 PD

10. 1 129 PD

11. NO VBN 3 T

12. 2 174 PD

13. 2 195 R

14. 2 55 R

15. 2 14 PD

16. 2 12 T

17. 3 146 PD

18. 3 203 PD

19. 1 98 PD

20. 2 11 PD

21. 2 47 PD

22. 3 74 PD

23. 1 53 PD

24. 1 67 PD

25. 3 223 PD

Abbreviations: HDT�/High-dose tamoxifen; VBN�/vinblastine;
PD�/progressive disease; T�/toxicity; O�/other; R�/refused.
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This clinical trial was designed to expand on the

preclinical observation that high-dose tamoxifen increases

the sensitivity of prostate cancer cells to growth inhibition

by TGF-b, induces stromal cell production of TGF-b and

induces cell-cycle blockade at the G1/S-phase interphase

(12, 29). Vinblastine, is known to bind directly to tubulin,

causing disruption of microtubules composing the mitotic

spindle (33) and thus blocking the cell in the G2/M-phase

interphase. Co-administration of vinblastine and tamoxifen

provides simultaneous blockade at two points within the cell

cycle. Preclinically, this combination leads to the synergistic

growth inhibition of prostate cancer cells (19). The toxicity

of each agent differs from the other. Thus, the goal of this

trial was to achieve clinical efficacy in the setting of

acceptable toxicity.

Our trial, which used standard phase-II eligibility criteria,

enrolled a population of patients with advanced, rapidly

progressing disease. Ninety-six percent of the patients had

an ECOG performance status of 2, 64% had soft tissue

disease, and 38% had a Gleason score greater than or equal

to 8. Five of the 25 patients (20%) were removed from the

study within the first 30 days owing to rapid tumor

Table 4

Response frequencies for each survey question, by cycle. Percentages of each frequency within a cycle are shown in parentheses

A. Question 1: Pain (1�/5)

Cycle 1. I almost never

have pain

2. I have pain

once in a while

3. I frequently

have pain several

times a week

4. I am usually in

some degree

of pain

5. I am in some

degree of pain

almost constantly

1 4 (26.7%) 7 (46.7%) 2 (13.3%) 2 (13.3%) 0

2 8 (66.7%) 2 (16.7%) 1 (8.3%) 1 (8.3%) 0

3 8 (53.3%) 4 (26.7%) 0 3 (20.0%) 0

4 8 (53.3%) 4 (26.7%) 1 (6.7%) 2 (13.3%) 0

B. Question 2: Pain (1�/5)

Cycle 1. When I do

have pain, it

is very mild

2. When I do

have pain, it is

mildly distressing

3. The pain I do

have is usually

fairly intense

4. The pain I

have is usually

very intense

5. The pain I

have is almost

unbearable

1 8 (53.5%) 5 (33.3%) 2 (13.3%) 0 0

2 8 (80.0%) 1 (10.0%) 1 (10.0%) 0 0

3 10 (71.4%) 2 (14.3%) 2 (14.3%) 0 0

4 9 (69.2%) 4 (30.8%) 0 0 0

C. Question 11 (1�/7): How uncomfortable do you feel today?

Cycle 1. Not at all 2 3 4 5 6 7. Very

uncomfortable

1 7 (43.7%) 5 (31.3%) 1 (6.3%) 3 (18.7%) 0 0 0

2 1 (33.3%) 0 1 (33.3%) 0 1 (33.3%) 0 0

3 1 (50.0%) 0 1 (50.0%) 0 0 0 0

4 6 (40.0%) 5 (13.3%) 0 2 (13.3%) 2 (13.3%) 0 0

D. Question 13 (1�/7): How much is pain or discomfort interfering with your daily activities?

Cycle 1. Not at all 2 3 4 5 6 7. A great deal

1 6 (37.5%) 4 (25.0%) 4 (25.0%) 1 (6.3%) 1 (6.3%) 0 0

2 0 1 (33.3%) 1 (33.3%) 0 0 1 (33.3%) 0

3 0 0 1 (50.0%) 0 1 (50.0%) 0 0

4 8 (53.3%) 4 (26.7%) 1 (6.7%) 1 (6.7%) 1 (6.7%) 0 0

E. Question 19 (1�/7): Rate how willing you were to see and spend time with friends in the past two weeks.

Cycle 1. Unwilling 2 3 4 5 6 7. Very willing

1 5 (31.3%) 6 (37.5%) 1 (6.3%) 0 2 (12.5%) 1 (6.3%) 1 (6.3%)

2 0 0 2 (66.7%) 0 0 0 1 (33.3%)

3 0 0 0 0 1 (50.0%) 0 1 (50.0%)

4 8 (57.1%) 2 (14.3%) 0 1 (7.1%) 1 (7.1%) 0 2 (14.3%)
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progression. In retrospect, this is not the population one

would expect to benefit from a high-dose tamoxifen regi-

men (34).

High-dose tamoxifen alone, standard-dose tamoxifen

plus intermittent vinblastine, or vinblastine alone have

had no significant activity in androgen-independent pros-

tate cancer. We cannot rule out that this regimen would

have activity in early-stage prostate cancer patients,

although in this advanced population the combination of

high-dose tamoxifen and continuous infusion vinblastine is

inactive. In addition, the neurologic toxicity is not trivial

and any further trials with this combination should proceed

with caution.
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