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Prognostic factors in Chinese patients with metastatic
castration-resistant prostate cancer treated with
docetaxel-based chemotherapy

Yuan-Yuan Qu1,2,*, Bo Dai1,2,*, Yun-Yi Kong2,3, Ding-Wei Ye1,2, Xu-Dong Yao1,2, Shi-Lin Zhang1,2,
Hai-Liang Zhang1,2, Chun-Guang Ma1,2 and Wei-Yi Yang1,2

This study aims to evaluate the potential value of patient characteristics in predicting overall survival (OS) in patients with metastatic

castration-resistant prostate cancer (mCRPC) treated with docetaxel-based thermotherapy. A total of 115 patients with mCRPC

undergoing a docetaxel q3w regimen were enrolled in this study. A survival analysis was performed using the Kaplan–Meier method. Cox

proportional hazards models were used to evaluate the prognostic value of all covariates for OS. OS was also analysed after stratifying

patients according to the results of multivariate analysis. The median OS for the entire cohort was 17.0 months. The multivariate

analysis showed that the prostate-specific antigen doubling time (PSADT), baseline haemoglobin (Hb) concentration, alkaline

phosphatase (ALP) concentration, cycles of chemotherapy and time to castration resistance were independent prognostic factors of OS.

According to the presence of PSADT ,46.3 days and baseline ALP o110 IU l21, all patients were divided into three risk groups:

low-risk group (no risk factors), intermediate-risk group (one risk factor) and high-risk group (two risk factors). Median OSs for patients

in low-, intermediate- and high-risk groups were 28.0 months (95% CI: 23.8–32.2), 21.0 months (95% CI: 18.9–23.1) and 11.0

months (95% CI: 7.6–14.4), respectively (P,0.001). In conclusion, PSADT, baseline Hb concentration, ALP concentration, cycles of

chemotherapy and time to castration resistance were independent prognostic factors of OS in Chinese patients with mCRPC treated

with docetaxel. PSADT combined with the baseline ALP concentration could be a useful risk stratification parameter for evaluating

survival outcomes.
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INTRODUCTION

Prostate cancer is the most frequently occurring cancer in men from

Western countries and represents the second leading cause of cancer-

related death, next to lung cancer.1 In China, the incidence of prostate

cancer has increased dramatically over the past two decades, most

likely due to economic development and lifestyle changes.2 Moreover,

most newly diagnosed Chinese prostate cancer patients already have

metastatic disease because prostate cancer screening using prostate-

specific antigen (PSA) and digital rectal examination is not a routine

practice in China.2

Androgen deprivation therapy is the initial treatment for metastatic

prostate cancer and leads to improvement in bone pain, regression of

soft tissue metastases, and a reduction in serum levels of PSA.3

Unfortunately, in virtually all patients, the disease inevitably advances

to the androgen-independent stage within a median of 18–24 months

after castration.4 Two randomized phase III studies, SWOG 99-164

and TAX 327,5 demonstrated that docetaxel-based chemotherapy

confers a significant survival benefit of 20%–24% in patients with

metastatic castration-resistant prostate cancer (mCRPC) compared

with a mitoxantrone regimen.6 Nevertheless, many patients failed to

respond to docetaxel chemotherapy and experienced considerable

toxicity. Currently, the identification of readily available prognostic

factors would be an essential step in optimising the management of

patients being treated with docetaxel.

Several prognostic factors in patients with mCRPC have been

reported, including Eastern Cooperative Oncology Group perfor-

mance status (ECOG PS), baseline serum PSA level, haemoglobin

(Hb), alkaline phosphatase (ALP), lactate dehydrogenase (LDH),

prostate-specific antigen doubling time (PSADT), time to castration

resistance and circulating tumor cells.7–14 However, the magnitude

of the benefit provided by each factor has varied among studies, and

the value of these factors in predicting overall survival (OS) for

Chinese patients is still unclear. In the present study, we retrospec-

tively analysed the data from 115 mCRPC patients treated with

docetaxel to explore the prognostic factors of survival outcomes in

Chinese patients.
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MATERIALS AND METHODS

Patients and variables

The present study is based on data from 115 consecutive Chinese

patients with mCRPC who received docetaxel-based chemotherapy

at a standard dose and schedule5 at our institution from November

2005 to September 2011. These patients were diagnosed between

October 1997 and July 2010. All eligible patients had histologically

confirmed adenocarcinoma of the prostate and confirmed cases of

mCRPC, which was determined by three sequential rises in serum

PSA level with castrate levels of serum testosterone (,50 ng dl21).

All patients presented with metastatic disease(s) upon imaging (com-

puted tomography, magnetic resonance imaging or whole body radio-

nuclide bone scan). The time to castration resistance was calculated

from the time of diagnosis until the confirmation of CRPC. The pre-

sent study was approved by the Institutional Review Board of our

institution, and written informed consent was obtained from each

patient before enrolment.

We retrospectively collected the variables, including patient char-

acteristics at diagnosis (age, serum PSA level, Gleason score and meta-

static site(s)) and characteristics at the start of chemotherapy (age,

serum PSA level, PSADT, complete blood count, biochemistry profile,

ECOG PS, metastatic site(s), radical prostatectomy, cycles of chemo-

therapy and time to castration resistance). All laboratory analyses were

performed in the same laboratory.

Treatment

All patients were treated on a 21-day cycle, with 75 mg m22 of do-

cetaxel (Taxotere, Aventis, Essex, UK) administered intravenously on

the first day and 5 mg of prednisone administered twice daily through-

out the cycle. On days 1–3, dexamethasone was administered at a

dosage of 10 mg twice daily to prevent potential acute hypersensitivity

reactions or residual body fluid. The average number of chemotherapy

cycles was 6 (range: 1–16).

Definition and calculation of PSADT

By definition, PSADT was defined as the time required for the PSA

level to double. PSADT was calculated from the slope of the linear

regression calculated from the natural logarithm values of all serial

PSA (on the ordinate) versus time of measurement (on the abscissa),

according to the following formula: PSADT5(ln23T)/[ln(PSA2)2

ln(PSA1)], where ln is the natural log, T is the time (in days) between

PSA measurements, PSA2 is the PSA defining CRPC and PSA1 is the

next most recent PSA level.15

The end point of the present study

The end point of the present study was the effect of patient charac-

teristics on OS, calculated as the interval between the first day of

docetaxel administration and the date of death or the last follow-up

visit for censored (living) patients.

Statistical analysis

The number of chemotherapy cycles was classified according to the

mean value, baseline gamma-glutamyl transpeptidase (GGT) and

LDH concentrations were classified according to the upper limit of

normal range and baseline Hb concentration was classified according

to the cut-off point of 110 g l21. All other characteristics were divided

into dichotomous variables according to the median value. A survival

analysis was performed using the Kaplan–Meier method, and the dif-

ferences in OS rates were assessed by the log-rank test. The relation-

ship between a given explanatory covariate and the survival data was

evaluated using a univariate Cox regression analysis. Only variables

which were statistically significant in the univariate analysis (P,0.05)

were included in the multivariate model. A multivariate Cox propor-

tional hazards regression analysis was used to analyse the results while

controlling for important prognostic covariates that could potentially

confound the analyses. OS was also analysed after stratifying patients

by PSADT and baseline ALP concentration according to the results of

the multivariate Cox regression analysis. For all statistical tests, a two-

sided P value of less than 0.05 was considered statistically significant.

All statistical analyses were performed using SPSS software version

16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Patient characteristics

Follow-up continued until 30 April 2012. During the follow-up period

(median: 45.0 months; range: 2.0–74.0 months), 87 of 115 patients

(75.6%) died, and all deaths were attributed to prostate cancer or

prostate cancer–related complications. The median OS for the entire

cohort was 17.0 months (95% CI: 13.8–20.2; range: 2.0–46.0 months).

The Gleason scores were not available for 46 patients who came from

rural areas and were diagnosed at local hospitals so long ago that the

pathological specimens could not be obtained. The demographics and

disease characteristics for all patients were summarized in Table 1.

Univariate and multivariate Cox regression analysis for OS

Kaplan–Meier and log-rank tests were used to assess OS and compare

differences in survival time distributions among patient characteristics

with respect to OS (Table 2).

The results of univariate and multivariate Cox regression analysis

for OS in 115 patients were summarized in Table 3. The univariate

analysis of baseline clinical characteristics identified a total of nine

statistically significant predictors of OS: baseline serum PSA level,

PSADT, baseline Hb concentration, ALP concentration, GGT con-

centration, LDH concentration, ECOG PS, cycles of chemotherapy

and time to castration resistance. Subsequent multivariate analysis

reserved PSADT (P50.005; HR50.407), baseline Hb concentration

(P50.028; HR50.495), baseline ALP concentration (P50.019;

HR51.934), cycles of chemotherapy (P,0.001; HR50.379) and time

to castration resistance (P50.030; HR50.548) as independent pro-

gnostic factors of OS. The median OS for patients with PSADT ,46.3

days and o46.3 days were 14.0 months (95% CI: 10.5–17.5) and 23.0

months (95% CI: 19.9–26.1), respectively (P50.001). OS curves were

reported in Figure 1. Median OS for patients with ALP o110 IU l21

and ,110 IU l21 were 15.0 months (95% CI: 12.1–17.9) and 26.0

months (95% CI: 21.0–30.9), respectively (P,0.001). OS curves were

reported in Figure 2.

Risk stratification according to PSADT and baseline ALP

concentration

According to the presence of PSADT ,46.3 days and baseline ALP

o110 IU l21, which were two of most statistically significant risk

factors in the multivariate analysis, we divided the entire cohort into

the following three risk groups: low-risk group (no risk factors), inter-

mediate-risk group (one risk factor, either PSADT ,46.3 days or ALP

o110 IU l21) and high-risk group (two risk factors, both PSADT

,46.3 days and ALP o110 IU l21). The median OSs for patients in

low-, intermediate- and high-risk groups were 28.0 months (95% CI:

23.8–32.2), 21.0 months (95% CI: 18.9–23.1) and 11.0 months (95%

CI: 7.6–14.4), respectively. The hazard ratios of intermediate- and

high-risk to low-risk were 1.927 (95% CI: 1.093–3.398) and 10.143
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(95% CI: 3.982–25.836), respectively. The OS curves according to risk

stratification were distinctly tiered and statistically significant

(P,0.001), as shown in Figure 3.

DISCUSSION

This retrospective observation study demonstrates the significant value

of several prechemotherapeutic variables, including PSADT, baseline Hb

concentration, baseline ALP concentration, cycles of chemotherapy and

time to castration resistance, as independent prognostic factors of OS in

patients with mCRPC treated with docetaxel-based chemotherapy.

The PSADT, which assumes that tumour growth is logarithmic, is a

simple tool used to determine the growth rate of the serum PSA level.

There are several reports available regarding the prognostic impact

of PSADT for prostate cancer patients.10,16,17 D’Amico et al.16 sug-

gested that the PSADT should be confirmed as a useful surrogate

marker for survival and as a tool to identify patients at risk of progres-

sion after radical prostatectomy or radiotherapy. Teeter et al.17

reported that in an older, racially diverse cohort, a short PSADT (less

than 9 months) on recurrence after radical prostatectomy was as-

sociated with worse all-cause mortality. Recently, an analysis of a

TAX327 cohort indicated that baseline PSADT was an independent

predictor of survival, demonstrating that patients with a short PASDT

(less than 55 days) had a lower chance of survival compared with

patients who had a more indolent PSADT.10 As mentioned above,

our study also demonstrated that a rapid increase in the serum PSA

level, namely, a short PSADT, is independently associated with a nega-

tive survival outcome. The median OSs for patients with PSADT ,46.3

days and those with PSADT o46.3 days were 14.0 months and 23.0

months, respectively (P50.001). Consequently, the PSADT was a valu-

able tool capable of selecting high-risk patients before the onset of

chemotherapy. It could be used to assess prognosis after relapse and

to guide therapeutic strategy in patients being treated with docetaxel.

According to the inclusion criteria, all 115 patients developed bone

metastases. Bone metastases from prostate cancer are characterized by

both excessive bone formation and resorption due to the increased

number and activity of osteoblasts and osteoclasts.18 Total serum ALP,

a routinely and successively measured marker that is inexpensive and

readily available, could partly reflect osteoblastic activity. Although

total serum ALP is a relatively nonspecific biomarker and can be

elevated by either bone or liver metastasis, patients with bone meta-

stasis and an elevated baseline ALP are likely to have bone as the

dominant source of ALP.8 Additionally, patients with mCRPC rarely

have liver metastasis that could cause ALP elevations (only 2 of 115

patients had liver metastasis in this study). A study of 643 patients

indicated that the serum levels of total ALP and bone-specific alkaline

phosphatase were correlated highly and that total ALP primarily

reflected bone-specific alkaline phosphatase in men with mCRPC

and bone metastasis.18 In large multivariate analyses of patients with

metastatic androgen-independent prostate cancer, elevated levels of

serum total ALP were independently associated with shorter OS.19,20

Our current results also indicted that patients with baseline serum

total ALP o110 IU l21 had shorter OS than patients with baseline

serum total ALP ,110 IU l21 (15.0 months vs. 26.0 months,

P,0.001). Baseline ALP o110 IU l21 predicted a nearly two-fold

increased risk of death (HR51.934).

To our knowledge, no study to date has been performed to clarify

whether PSADT, combined with baseline ALP concentration, contri-

butes to independent prognostic information for OS in mCRPC

patients. Our study demonstrated that patients with a short PSADT

and a high baseline ALP concentration were at the highest risk of

decreased OS, patients with a long PSADT and a low baseline ALP

concentration were at the lowest risk of death, and patients with one

of the two risk factors fell into the intermediate-risk category. This

suggests that mCRPC patients can be risk-stratified according to

PSADT and baseline ALP concentration. Therefore, when estimating

the prognosis for mCRPC patients being treated with docetaxel, both

PSADT and ALP concentration should be calculated in order to provide

more accurate prognostic information. Furthermore, we suggest that the

combination of a short PSADT and a high baseline ALP concentration

Table 1 Patient characteristics at diagnosis and at the initiation of

chemotherapy in 115 mCRPC patients treated with docetaxal

Characteristics Median

Characteristics at diagnosis

Age (year) 65 (49–81)

PSA (ng ml21) 100 (2.9–3034.4)

Gleason score (No. of patients, %)

f6 5 (4.3)

7 21 (18.3)

8 15 (13.0)

9 22 (19.1)

10 6 (5.2)

Not available 46 (40.0)

Metastatic site(s) (No. of patients, %)

M0 24 (20.9)

M1a 21 (18.3)

M1b 68 (59.1)

M1c 2 (1.7)

Characteristics at the start of chemotherapy

Age (year) 68 (51–82)

PSA (ng ml21) 90.5 (0.1–4066.4)

PSADT (day) 46.3 (5.6–661.1)

WBC (3109 l21) 6.4 (3.2–14.7)

PTL (3109 l21) 165 (72–518)

Hb (g l21) 121 (68–150)

Albumin (g l21) 43.1 (31.2–50.7)

ALP (IU l21) 110 (33–1083)

GGT (IU l21) 33 (11–217)

LDH (IU l21) 234 (124–1693)

ECOG PS (No. of patients, %)

0 40 (34.8)

1 65 (56.5)

2 10 (8.7)

Metastatic site(s) (No. of patients, %)

Lymph node 39 (33.9)

Bone 115 (100.0)

Viscera 16 (13.9)

Lung 9 (7.8)

Bladder 4 (3.5)

Liver 2 (1.7)

Brain 1 (0.9)

RP (No. of patients, %)

Yes 12 (10.4)

No 103 (89.6)

Cycles of chemotherapy 5 (1–16)

Time to castration resistance (month) 23 (2–114)

Abbreviations: ALP, alkaline phosphatase; ECOG PS, Eastern Cooperative Oncology

Group performance status; GGT, gamma-glutamyl transpeptidase; Hb,

haemoglobin; LDH, lactate dehydrogenase; mCRPC, metastatic castration-resistant

prostate cancer; PLT, platelet; PSA, prostate-specific antigen; PSADT, prostate-

specific antigen doubling time; RP, radical prostatectomy; WBC, white blood cell.
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Table 2 Summary of the association between patient characteristics and overall survival (OS) for all patients

Characteristics No. of patients No. of deaths Median of OS (month) Log-rank test P

All patients 115 87 17.0 —

Characteristics at diagnosis

Age (year) 0.726

,65 51 35 18.0

o65 64 52 15.0

PSA (ng ml21) 0.790

,100 40 29 20.0

o100 75 58 16.0

Metastases 0.063

Yes 91 70 14.0

No 24 17 18.0

Characteristics at the start of chemotherapy

Age (year) 0.548

,68 55 37 15.0

o68 60 50 18.0

PSA (ng ml21) 0.016

,90.5 57 36 19.0

o90.5 58 51 14.0

PSADT (day) 0.001

,46.3 57 48 14.0

o46.3 58 39 23.0

WBC (3109 l21) 0.552

,6.4 56 46 19.0

o6.4 59 41 17.0

PTL (3109 l21) 0.824

,165 57 48 16.0

o165 58 39 20.0

Hb (g l21) 0.002

,110 28 24 10.0

o110 87 63 19.0

Albumin (g l21) 0.252

,43.1 57 47 15.0

o43.1 58 40 18.0

ALP (IU l21) ,0.001

,110 57 39 26.0

o110 58 48 15.0

GGT (IU l21) ,0.001

,54 89 63 20.0

o54 26 24 11.0

LDH (IU l21) 0.027

,250 71 44 21.0

o250 46 43 14.0

ECOG PS 0.002

0 40 21 24.0

1–2 75 66 15.0

Metastatic site(s) 0.680

Bone only 99 73 17.0

Bone and viscera 16 14 13.0

RP 0.060

Yes 12 7 25.0

No 103 80 16.0

Cycles of chemotherapy ,0.001

,6 59 55 12.0

o6 56 32 24.0

Time to castration resistance (month) 0.006

,23 57 48 14.0

o23 58 39 21.0

Abbreviations: ALP, alkaline phosphatase; ECOG PS, Eastern Cooperative Oncology Group performance status; GGT, gamma-glutamyl transpeptidase; Hb, haemoglobin;

LDH, lactate dehydrogenase; PLT, platelet; PSA, prostate-specific antigen; PSADT, prostate-specific antigen doubling time; RP, radical prostatectomy; WBC, white blood

cell.
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could be used as a guide for the early initiation of chemotherapy for

patients with mCRPC.

Previous studies have demonstrated that the baseline PSA level,

which is generally considered to be related to the tumour burden,

could be a prognostic factor of OS for mCRPC patients.9 In our study,

an elevated baseline PSA level was shown to be associated with shorter

OS in univariate analysis. However, the multivariate analysis failed to

confirm baseline PSA level as an independent prognostic factor of OS

(P50.407). This might be a result of the relatively small sample size

and the possible selection bias, as patients with ECOG PS greater than

score 2 were excluded in this study.

In the present study, we identified prognostic factors using only

prechemotherapeutic variables, which are easily measured by standard

assays in most institutions. This facilitates the oncologist’s ability to

predict the survival outcomes for mCRPC patients before the initia-

tion of chemotherapy. However, potential flaws in the current study

include its retrospective nature and the relatively small sample size.

Future prospective studies should be performed to validate our results

in a larger population of patients.

CONCLUSIONS

In conclusion, this retrospective analysis demonstrated that PSADT,

baseline Hb concentration, baseline ALP concentration, cycles of che-

motherapy and time to castration resistance could provide independent

prognostic information on OS in Chinese patients with mCRPC treated

with docetaxel. These variables can be used to optimize the manage-

ment of mCRPC. In addition, PSADT combined with baseline ALP

concentration could be a useful risk stratification parameter for evalu-

ating survival outcomes.
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Figure 3 Overall survival curves for 115 mCRPC patients treated with docetaxel

according to the risk groups. According to the presence of PSADT ,46.3 days

and/or ALP o110 IU l21, each patient was divided into low-, intermediate- and

high-risk groups. ALP, alkaline phosphatase; mCRPC, metastatic castration-

resistant prostate cancer; PSADT, prostate-specific antigen doubling time.
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