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Abstract

Objectives Docetaxel-based chemotherapy is effective in

patients with castration-resistant prostate cancer (CRPC).

This phase II study assessed the outcome and predictive

factors for prognosis and toxicity following intermittent

chemotherapy with docetaxel, estramustine phosphate, and

carboplatin (DEC) in patients with CRPC.

Methods Thirty-five patients were treated with a DEC

regimen that consisted of a 28-day cycle of drugs as fol-

lows: docetaxel (60 mg/m2 on day 1), carboplatin (AUC 5

on day 1) and estramustine phosphate (560 mg daily).

Treatment was continued intermittently. The end point was

to test the effect of DEC on the response rate and overall

survival (OS). Statistical correlations between the out-

comes and predictive factors, including clinical parameters

and 8 single-nucleotide polymorphisms (SNPs) related to

drug metabolism, were assessed.

Results Prostate-specific antigen levels decreased by

more than 30% in 65.7% of the patients. The median OS

following DEC was 17.8 months, and the median total time

of chemotherapy holiday was 7.7 months (range 1.7–35.8).

On multivariate analysis, serum lactate dehydrogenase

(LDH) was an independent prognostic factor for OS

(p = 0.007). On SNP analysis, patients carrying the TT

genotype of the ABCB1 C3435T polymorphism showed a

significantly more severe leukocytopenia during the first

cycle of DEC therapy compared to patients with the

CC ? CT genotype (p = 0.036).

Conclusion Combination chemotherapy with DEC has a

potential effect on CRPC with acceptable toxicity. Serum

LDH may be a promising predictor of prognosis, and the

ABCB1 C3435T polymorphism may be a genetic predictor

of the severity of leukocytopenia in patients with CRPC

treated with DEC.
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Introduction

Prostate cancer is currently the most common malignancy

in men and the second or third leading cause of death in the

Western world [1]. Although prostate cancer may be ini-

tially responsive to androgen ablation therapy, it can finally

become refractory to hormonal manipulation. Two large

phase III randomised trials showed that docetaxel-based

chemotherapy enhanced survival in the treatment of cas-

tration-resistant prostate cancer (CRPC) [2, 3]. Further-

more, many combination therapies carry expectations of

demonstrating the additive and synergistic effects of tax-

anes in patients with CRPC. To date, several studies have

evaluated the benefit of combination chemotherapy with

taxanes, estramustine phosphate (EMP) and carboplatin

(TEC), of which the combination utilizing docetaxel as the

taxane (docetaxel, EMP, carboplatin = DEC) was reported

to have achieved particularly high response rates (58–98%)

in patients with CRPC [4]. With regard to the schedule for

the administration of docetaxel for CRPC, intermittent
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therapy has been conducted to reduce the side effects and

maintain a high quality of life (QOL) [5].

Although taxane-based chemotherapy is promising for

the treatment of CRPC, it remains open to debate what type

of patients will have higher survival benefit. In addition,

individual variation in response to chemotherapy may

result in differences in the severity of adverse reactions

(ARs). This individual variation has been partially

explained by single nucleotide polymorphisms (SNPs). We

previously reported that SNPs in drug metabolism-related

genes were associated with prognosis and ARs in urolog-

ical cancer [6, 7].

Here, we report the results of a phase II study evaluating

the efficacy and patient tolerance of intermittent combi-

nation chemotherapy with DEC in patients with CRPC. We

also evaluated the prognostic factors and predictors of ARs,

including clinical parameters and SNPs in patients with

CRPC.

Patients and methods

Patients

Our study included patients with CRPC treated at Akita

University Hospital, Japan. A history of surgical or medical

castration was required in all patients. Patients were diag-

nosed by biochemical and/or clinical progression following

either (1) a second or subsequent cycle of hormonal ther-

apy, or (2) other regimens including monotherapies of

docetaxel, EMP, dexamethasone and prednisolone. The

definition of diagnosis of CRPC and its progression were

based on the criteria of the Prostate Cancer Clinical Trials

Working Group [8].

Treatment regimen

The DEC regimen consisted of a 28-day cycle of docetaxel

[60 mg/m2 intravenously (IV) on day 1], carboplatin (IV to

the area under the curve of 5 on day 1) and EMP (560 mg

orally daily). Pre-medication consisting of dexamethasone

(8 mg IV) was administered 30 min prior to each docetaxel

infusion. Two consecutive DEC cycles were performed and

efficacy and toxicity were assessed. Before further therapy

with DEC, a chemotherapy holiday was taken from the

treatment until the prostate-specific antigen (PSA) levels

were elevated above the baseline. Dose-down regimens

were prepared for elderly patients and for those with a

history of severe ARs. Luteinzing hormone releasing hor-

mone agonist was continued throughout the study. Treat-

ment was stopped for any of the following reasons:

progression of disease, severe adverse events, or with-

drawal of consent.

Evaluation

A post-therapy change in PSA levels was defined on the

basis of the maximum degree of change from baseline

within 3 months of therapy. Tumour progression was

defined by following RECIST guidelines. Toxicity was

graded according to the National Cancer Institute Common

Toxicity Criteria version 4.0 (NCI-CTC v4.0). Levels of

pre-treatment platelet count, hemoglobin, serum alkaline

phosphatase (ALP), serum lactate dehydrogenase (LDH)

and PSA were measured prior to initial DEC therapy, and

only PSA levels were measured every 3 months thereafter.

The presence of bodily pain prior to initial DEC therapy

was evaluated from the patient’s medical records. The

primary endpoint of the study was response rate. The

secondary endpoints included safety and overall survival

(OS) from the time of initiation of chemotherapy. For the

evaluation of prognosis, the variables which were signifi-

cant predictors in the univariate analysis were included in

the multivariate analysis.

DNA extraction and genotyping

DNA was extracted from blood samples using a QIAamp

Blood kit (Qiagen, Hilden, Germany). Patients were gen-

otyped for polymorphisms of 8 SNPs in 6 genes (MAP4,

MAPT, ABCG2, CYP3A5, XRCC1 and ABCB1) considered

to be involved in the metabolism of DEC (Table 1). The

genotype of each SNP was determined either by poly-

merase chain reaction restriction fragment length poly-

morphism or by direct sequencing. Written informed

consent for enrolment in this study and for the use of DNA

and clinical information was obtained from all patients

participating in this study, which was was approved by the

institutional review board of Akita University School of

Medicine. We examined the influence of age and genetic

factors on OS and the development of severe toxicity

during the first cycle of DEC therapy using univariate and

multivariate analyses. Severe leukocytopenia was defined

as greater than grade 3.

Statistical analysis

The Kaplan–Meier method was used to estimate OS. Each

continuous independent variable was dichotomised at the

median value. Differences in survival were tested using the

log-rank test. Hazard ratios and 95% confidence intervals

(Cis) for cancer death were assessed using the Cox pro-

portional hazard regression model. Odds ratios and 95%

CIs for dichotomised grades of ARs in each genotype grade

were determined by multiple logistic regression analysis.

Statistical analysis was performed using SPSS 15.0�.

Differences were considered significant at p \ 0.05.
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Results

Patient characteristics

A total of 35 patients with CRPC were enrolled in the study

between 2003 and 2009. Their pre-treatment characteristics

are summarised in Table 2. The median age was 68 years

(range 54–79). The Eastern Cooperative Oncology Group

performance status (ECOG-PS) was 0–1 in 97.1% of

patients. Sixteen (47.5%) patients suffered recurrence after

local definitive treatments. Prior combined androgen

blockade was performed in 33 (94.3%) patients, and 30

(85.7%) patients were previously administered EMP. All

patients were docetaxel-naı̈ve in this study. Under patho-

logical examination, the grade of cancer in the majority

(80.0%) of the patients was classified as ‘poorly differen-

tiated’ according to the general rule for clinical and path-

ological studies on prostate cancer from the Japanese

Urological Association and the Japanese Society of

Pathology [9]. Gleason’s score was 7–8 in 13 patients,

9–10 in 6 and unclassified in 16. Bone metastasis was

present in 30 (85.7%) patients, while extra-osseous

metastasis was present in 18 (51.4%). Median baseline

PSA level at initiation of DEC regimen was 99.6 ng/mL

(range 0.036–4900). Median duration from diagnosis of

CRPC to initiation of DEC regimen was 14.9 months

(range 1.0–109.1).

Clinical outcomes

A median of 3 cycles (range 1–9) was administered to each

patient. Clinical responses to DEC therapy are summarised

in Table 3. PSA levels were decreased by[30% in 65.7%

and by[50% in 45.7% of patients as a maximum response.

Measurable tumours were assessed in 34.3% (12/35)

patients, the response rate being 66.7% (8/12). The median

follow-up time was 11.1 months (range 2.6–48.2). At the

time of final analysis, 19 (54.3%) patients had died due to

disease progression. Median OS following the initiation of

DEC regimen was 17.8 months (Fig. 1). Fourteen (40.0%)

patients had a chemotherapy holiday after 2 consecutive

DEC therapy cycles. Median total time of chemotherapy

holidays from initial to final DEC therapies was 7.7 months

(range 1.7–35.8). The 2-year survival rate following initi-

ation of DEC therapy was 27.1%, while 5-year survival

rates following CRPC and initial hormone treatment were

35.2 and 61.0%, respectively.

Adverse reactions

All ARs were reversible and most were moderate and grade

2 or less. ARs classified as grade 3 or 4 are listed in

Table 4. The percentage of grade 3 or 4 ARs for the first

cycle was 48.6% (Table 4). Thirteen (38.2%) patients

developed grade 3 or 4 leukocytopenia that was managed

successfully with granulocyte colony-stimulating factor

administration. Red cell or platelet transfusions were given

to patients who suffered from grade 4 anemia or throm-

bocytopenia. One patient died from a non-cancerous

cause—aspiration pneumonia.

Survival analysis

Survival rates were compared between 2 groups divided

as shown in Table 5. These parameters were previously

described as being poorly prognostic in CRPC [6, 10, 11].

The median OS was significantly shorter in patients with

LDH levels of[193 U/L than for those with lower levels

(11.5 vs. 29.0 months, p = 0.001), and the median OS

was significantly shorter for patients with platelet counts

of [25.59104/lL than for those with lower counts (13.8

vs. 19.4 months, p = 0.004). No significant association

was found between other clinical parameters and out-

comes. Multivariate analysis including 2 factors (platelet

count and LDH level) demonstrated that the LDH level

was an independent indicator of survival (odds ratio

6.084, 95% CI 1.650–22.438; p = 0.007) (Table 6;

Fig. 2).

Table 1 List of gene polymorphisms assessed in this study

Genes Type and

site

No. Primers Restriction

enzyme
Forward Reverse

MAP4 Intron rs56313601 TGCATGGTTTCCTTTCCCCTA TCTCTGAAACGTGTGTGGCTT BccI

MAPT Intron rs3744460 AAAGTGGAGGCGTCCTTGCGA CAGCTTCTTATTAATTATCTGC MnlI

ABCG2 V12M rs2231137 GCTTTTCTGTCTGCAGAAAGAT GAAGCTGTCGCGGGGAAGCC TspRI

CYP3A5 A6986G rs776746 ATGGAGAGTGGCATAGGAGATA TGTGGTCCAAACAGGGAAGAAATA SspI

XRCC1 C194T rs1799782 ATGCTTGGCCAGTTCCGTGTGAAG CACCTGGGGATGTCTTGTTGATCC AluI

XRCC1 A399G rs25487 TCCTCCACCTTGTGCTTTCT AGTAGTCTGCTGGCTCTGGG NciI

ABCB1 C3435T rs1045642 TTGATGGCAAAGAAATAAAGC CTTACATTAGGCAGTGACTCG MboI

ABCB1 Intron rs7779562 TGTTCTGCAATGAGAAGAATAA ATTGTAACACAAATTAATTATC TaqI
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Genetic variation affecting adverse reaction

Next, we explored the association between each genotype

and severe leukocytopenia. Two (6%) patients were

excluded from the SNP study due to non-availability of

Table 2 Patient characteristics

n (%)

Patient age (years)

Median 68

Range 54–79

ECOG performance status

0 28 (80.0)

1 6 (17.1)

2 1 (2.9)

Prior therapy

Surgery

Radical prostatectomy 9 (25.7)

Total cystoprostatectomy 3 (8.6)

Radiation 4 (11.4)

Hormone therapy

Combined androgen blockade 33 (94.3)

Diethylstilbestrol 11 (31.4)

Dexamethazone 15 (42.9)

Chemotherapy

Estramustine phosphate 30 (85.7)

Etoposide 2 (5.7)

Differentiation

Well 0 (0.0)

Moderate 4 (11.4)

Poor 28 (80.0)

Unknown 3 (8.6)

Metastatic site

Bone 30 (85.7)

Lymph nodes 12 (34.3)

Visceral 6 (17.1)

PSA at diagnosis (ng/mL)

Median 95.3

Range 3–8010

Baseline PSA berore DEC

Median 99.6

Range 0.036–4900

Laboratory data at baseline

Hemoglobin (g/dL)

Median 10.9

Range 7.2–13.7

Alkaline phosphatase (U/L)

Median 483.5

Range 67–4455

Lactate dehydrogenase (U/L)

Median 193

Range 103–2052

Platelet counts (9104/lL)

Median 25.5

Range 9.4–79.4

Table 3 Clinical outcomes

Effective no. of patients/total

no. of patients (%)

PSA decrease

30% or greater 23/35 (65.7)

50% or greater 16/35 (45.7)

75% or greater 10/35 (28.6)

Measurable disease

PR 8/12 (66.7)

SD 3/12 (25.0)

PSA prostate-specific antigen, PR partial response, SD stable disease

Fig. 1 Kaplan–Meier estimates of overall survival from initiation of

DEC therapy

Table 2 continued

n (%)

Cancer pain

Negative 24 (68.6)

Positive 11 (31.4)

Time from CRPC to DEC

Median 14.9

Range 1.0–109.1

ECOG Eastern Cooperative Oncology Group, PSA prostate-specific

antigen, DEC docetaxel, estramustine phosphate and carboplatine

therapy, CRPC castration-resistant prostate cancer
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DNA samples. Allelic distribution is listed in Table 7. On

univariate analysis, patients carrying the TT genotype of

the ABCB1 C3435T polymorphism had significantly more

severe leukocytopenia during the first cycle of DEC ther-

apy (p = 0.037). In the multivariate model including

all clinical and genetic variables used in the univariate

analysis, the TT genotype of the ABCB1 C3435T poly-

morphism was an independent predictor of severe leuko-

cytopenia for the first cycle (odds ratio 14.537, 95% CI

1.253–824.316; p = 0.036) (Table 8). There was no sig-

nificant association between any genotype of the 8 SNPs

and OS.

Discussion

Regan et al. [4] reported on a pooled analysis that included

7 trials of TEC therapy. The pooled analysis showed that

Table 4 Percentage of grade 3

and higher toxic effect at first

cycle

Grade 3 % Grade 4 % Total %

Hematological

Anemia 3 8.8 0 0.0 3 8.8

Leukopenia 10 29.4 3 8.8 13 38.2

Thrombocytopenia 1 2.9 1 2.9 2 5.9

Febrile neutropenia 1 2.9 0 0.0 1 2.9

Stomatitis 1 2.9 0 0.0 1 2.9

Anorexia 1 2.9 0 0.0 1 2.9

Pneumonitis 0 0.0 1 2.9 1 2.9

Diarrhea 1 2.9 0 0.0 1 2.9

Transamirase 2 5.9 0 0.0 2 5.9

Table 5 Univariate analysis of

prognostic factors in patients

with castration-resistant prostate

cancer treated with DEC

PSA prostate-specific antigen,

CRPC castration-resistant

prostate cancer, DEC docetaxel,

estramustine phosphate and

carboplatine therapy, ECOG
Eastern Cooperative Oncology

Group

Factor Classification p

Age (years) [68 versus B68 0.647

Initial PSA (ng/mL) [91 versus B91 0.212

Baseline PSA (ng/mL) [115 versus B115 0.423

CRPC to DEC (months) [15 versus B15 0.284

Pretreatment

Dexamethazone Positive versus negative 0.138

Estramustine Positive versus negative 0.165

Initial stage c versus d 0.569

PSA response (ng/mL) Positive versus negative 0.158

[30 versus B30 0.181

[50 versus B50 0.447

[75 versus B75 0.594

Laboratory data

Hemoglobin (g/dL) [11 versus B11 0.18

Alkaline phosphatase (U/L) [484 versus B484 0.436

Lactate dehydrogenase (U/L) [193 versus B193 0.001

Platelet counts (9104/lL) [25.5 versus B25.5 0.004

Metastasis

Skeletal only Positive versus negative 0.461

Extra-osseous only Positive versus negative 0.652

Skeletal plus extraosseous Positive versus negative 0.744

ECOG-PS 0 versus [0 0.741

Time from initiation of hormonal therapy

to CRPC (months)

[17.7 versus B17.7 0.489

Time from initiation of hormonal therapy

to administration of DEC (months)

[36 versus B36 0.095

Pain Positive versus negative 0.926
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the proportion of patients achieving a PSA response of

[50% decrease from baseline was 69%, and that the

estimated median survival was 18 months [4]. Kikuno

et al. reported the results of a combination chemotherapy

that consisted of a 4-week cycle of docetaxel (30 mg/m2

weekly), EMP (10 mg/kg daily) and carboplatin (AUC 6).

The outcome of their study was extremely positive, with

95% PSA response and median survival of 26.6 months

[12], which appears to be much better than the results of

our study. However, the length of the pre-treatment period

and amount of medication given to patients in the study

conducted by Kikuno et al. seem to have been shorter and

lesser, respectively, than those in our study. For example,

EMP was administered prior to DEC regimen in 15.0%

patients in their study, but in 85.7% in our study. There-

fore, it is difficult to assess the superiority of either regimen

because of differences in patient characteristics and the

timing of initiation of DEC regimen. Our results suggest

that DEC may have a potential effect on patients with

CRPC, even at the later more advanced stage, and on those

who had been pre-treated with EMP.

Based on the concept of conservative treatment with

minimum deterioration of QOL, intermittent chemotherapy

is a promising option for patients with CRPC receiving

chemotherapy. In a large multi-institutional trial to assess

the efficacy of a combination chemotherapy with docetaxel

and high-dose calcitriol, Beer et al. [13] reported that most

patients took chemotherapeutic holidays and 45.5% patients

showed a [50% PSA decline at the time of re-treatment.

Because the DEC regimen appears to be associated with

higher ARs, along with a higher response rate than the

docetaxel regimen with or without EMP, the DEC regimen

may not suitable as a continuous therapy. In this study, 40%

patients took a chemotherapy holiday with a mean duration

of 7.7 months. Further analysis is warranted to compare the

QOL of patients having undergone intermittent versus

continuous combination chemotherapy with DEC.

It is important to identify which categories of patient are

most likely to benefit from docetaxel-based chemotherapy.

In the study by Oh et al. [4], extra-skeletal metastases,

ECOG-PS, hemoglobin, serum LDH and ALP levels were

associated with poor patient survival rates on multivariate

analysis. In addition to the LDH level, the univariate

analysis indicates that platelet count is a potential marker

in detecting poor survival rates in patients with CRPC

Table 6 Multivariable model predicting overall survival duration

Hazard ratio 95% CI p

Lactate dehydrogenase (U/L)

[193 6.084 1.650–22.438 0.007

B193

Platelet counts (9104/lL)

[25.5 3.143 0.941–10.501 0.630

B25.5

Fig. 2 Kaplan–Meier survival curves according to serum LDH level

Table 7 Allelic distributions of 8 SNPs

Grade 3 or 4 leukocytopenia, n (%)

- ?

Total 17 16

MAP4

CC 11 (64.7) 11 (68.8)

CT ? TT 5 (29.4) 4 (25.0)

MAPT

CC 8 (47.1) 5 (31.3)

CA ? AA 9 (52.9) 11 (68.8)

ABCG2

AG ? GG 15 (88.2) 14 (87.5)

AA 1 (5.9) 1 (6.3)

CYP3A5

*3/*3 10 (58.8) 11 (68.8)

*1/*3 ? *1/*1 6 (35.3) 4 (25.0)

XRCC1-A194G

CC ? CT 13 (76.5) 13 (81.3)

TT 4 (23.5) 3 (18.8)

XRCC1-C399T

GG 11 (64.7) 8 (50.0)

AG ? AA 6 (35.3) 8 (50.0)

ABCB1-intron

GG 6 (35.3) 8 (50.0)

CG ? CC 11 (64.7) 8 (50.0)

ABCB1-C3435T

CC?CT 16 (94.1) 10 (62.5)

TT 1 (5.9) 6 (37.5)
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treated with DEC therapy. Thrombocytosis is known to be

present in a wide range of malignancies, with a reported

incidence of 10–57% [14]. Interestingly, Helley et al. [15]

suggested that the level of platelet microparticles, which

may affect tumour chemotaxins, adhesion and prolifera-

tion, was a potential prognostic factor in patients with

CRPC undergoing docetaxel-based chemotherapy.

The individual variation in therapeutic effect may be

due to the biological characteristics of the cancer itself and

the innate properties of the patient as the cancer host. These

variations are partially explained by genetic polymorphism,

as represented by SNPs. Although the sample size was

small, we found that the TT genotype of the ABCB1

C3435T polymorphism was an independent predictor of

severe leukocytopenia in patients with CRPC treated with

DEC regimen. ABCB1 is responsible for a large portion of

the systemic efflux capacity towards docetaxel. ABCB1

expression and protein folding are reported to be largely

influenced by 3 SNPs including C3435T [16]. Sissung et al.

[17] revealed that these variations correlated with survival,

neutropenia and peripheral neuropathy in prostate cancer

patients. Although further study is warranted to assess

other ABCB1 SNPs that are known to be associated with

drug metabolism, our results support the view that the

genotype of ABCB1 SNPs has significant association with

ARs induced by docetaxel-based chemotherapy.

In spite of limited sample size, the results of this phase II

study evaluating DEC regimen showed that it has a high

response rate and potential survival benefits in late-stage

CRPC. We have demonstrated a significant impact of LDH

levels on prediction of overall survival. Furthermore, the

ABCB1 C3455T polymorphism was associated with severe

leukocytopenia, indicating that genotype analysis of the

ABCB1 polymorphism may be useful in predicting severe

leukocytopenia in patients undergoing combination che-

motherapy with DEC.
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