
Abstract. Background/Aim: Easily assessable clinical
predictors of response to chemotherapy in advanced
castration-resistant prostate cancer (CRPC) are few. The
objective of this retrospective study was to search for and
identify such candidate predictors of outcome. Patients and
Methods: A retrospective analysis of clinical data of CRPC
patients entered in the Clinical Therapeutics’ departmental
prostate cancer database from 1996-2009 was performed.
Univariate and multivariate analyses for progression-free
survival and overall survival included patients receiving both
docetaxel- and non-docetaxel-containing regimens. Results:
From 1996 until June 2009, 286 out of 313 patients in our
database were treated with chemotherapy. Prostate-specific
antigen (PSA) reduction >30% correlated with improved
survival irrespective of treatment. Beyond previously reported
predictors, i.e. baseline PSA >30 ng/dl, hemoglobin below 10
mg/dl, weight loss, poor performance status, elevated lactic
dehydrogenase and alkaline phosphatase, and time to CRPC
of less than or equal to two years was associated with a poor
overall survival and shorter progression-free survival upon
univariate analysis. Pain was associated with shorter
survival. Multivariate analysis confirmed time to CRPC,
lactate dehydrogenase and alkaline phosphatase as
independent predictors of overall and progression-free
survival. Conclusion: Time to castration resistance is an

important predictor of outcome in CRPC. PSA reduction
>30% predicts survival improvement following chemotherapy
for CRPC regardless of chemotherapy applied.

Establishing effective chemotherapy treatment in castrate-
resistant prostate cancer (CRPC) has been more challenging than
in other solid tumors. Advanced age at onset of disease, along
with a long natural history of the disease, have hindered efficient
drug development. Eventually, in 2004, single-agent docetaxel
chemotherapy in combination with prednisone was found to
confer a moderate yet significant survival benefit in castration-
resistant metastatic disease as compared to mitoxan-trone and
was thus introduced as the gold standard in clinical practice (1,
2). More recently, cabazitaxel was approved by the FDA for use
in second-line therapy based on analogous findings (3).

In contrast to the case with other solid tumors, chemo-
therapeutic doublets or triplets have not proven more
efficacious than single-agent activity. Currently, exciting new
agents such as lenalidomide, dasatinib, targeting the tumor
microenvironment are being tested in the clinic, most of them
in combination with docetaxel. In the meantime, androgen
signaling inhibition is being revisited and the tumor
microenvironment is assuming its ‘nodal’ role in resistance to
current treatment strategies (4, 5).

In view of these exciting new developments in prostate
cancer therapeutics, we reviewed our database and studied the
impact of chemotherapy in an effort to assess how to best apply
this treatment modality in the future. We specifically searched
for clinical predictors of improved overall survival following
chemotherapy other than those already identified. 

Patients and Methods

Patient selection for analysis was based on the following criteria:
histologically confirmed adenocarcinoma of the prostate, evidence of
progressive CRPC, presence of measurable or evaluable disease,
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Eastern Cooperative Oncology Group (ECOG) Performance Status
(PS) of 0 to 3. Progression was defined as a prostate-specific antigen
(PSA) rise of 25% or greater than the lower value in three consecutive
measurements at least 1 week apart, or as imaging evidence of
progression. Time to castration resistance was calculated from the time
of diagnosis irrespective of stage until confirmation of advanced
CRPC. Advanced CRPC was confirmed by rising PSA in the presence
of metastatic or recurrent locally advanced disease no longer amenable
to existing locoregional therapeutic modalities. Pain was assessed on a
scale of 0-5, with 0-1 no to minimal pain, 2-3 moderate pain and 4-5
severe pain requiring high doses of opioids. 

Statistical analysis. The Clinical Therapeutics’ Prostate Cancer
Database was updated February 2010. Descriptive statistics and
exploratory data analysis were used to summarize the patients’
characteristics. Categorical data were described using contingency
tables. Continuously scaled measures were summarized with descriptive
statistical measures (i.e., mean (±s.d.) or median (range)). Progression-
free survival (PFS) and overall survival (OS) were calculated from the
date of the initiation of chemotherapy. For PFS, objective progression
or death from the disease were considered as events, while patients
dying from other causes or with no progression were censored at the
time of the last follow-up. Kaplan-Meier OS analysis was performed
to estimate the OS and PFS functions. The two-sided log-rank test was
used to assess the difference of survival functions among sub-groups.

Multivariate analysis was performed using the Cox proportional hazards
regression model to identify the independent variables affected the
duration of overall survival or time to treatment failure (TTF) after
adjusting for other factors. P-values were derived from two-sided tests
and the statistical analyses were carried out using Splus version 7.0
(Insightful Corp., Seattle, WA, USA) software.

Results

Patient characteristics. From March 1996 to June 2009, 313
caucasian patients with CRPC were registered and 287 were
subsequently treated with first-line chemotherapy. Baseline
characteristics are given in Table I. Patients were castration-
resistant by PSA and/or imaging criteria and had metastatic
or locally recurrent disease not amenable to locoregional
modalities. 

Most patients (248, 86.4%) had bone metastases, while 43
(15%) had visceral metastases. Nearly half of the patients
(49%) had moderate to severe pain with a pain score ≥2 in a
scale of 0-5, while 25% experienced weight loss prior to
chemotherapy initiation. Lactate dehydrogenase (LDH) and
alkaline phosphatase (ALP) were elevated above normal in 110
(38.3%) and 115 (40%) patients respectively. 
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Table I. Patient characteristics.

Docetaxel-containing regimen Non-docetaxel-containing regimen All patients

No. of patients Median No. of patients Median No. of patients Median
(range) (range) (range)

Total 134 153 287
Patient age (years) 72 70 71

(45-97) (50-90) (45-97)
Performance status

0 56 (41.8%) 28 (18.3%) 84 (29.3%)
1 55 (41%) 55 (36.0%) 110 (38.3%)
2 18 (13.4%) 49 (32%) 67 (23.3%)
3 5 (3.7%) 21 (13.7%) 26 (9%)

Pain score
0-1 87 (64.9%) 57 (37.25%) 144 (50.2%)
2-3 33 (24.6%) 58 (37.8%) 91 (31.7%)
4-5 13 (9.7%) 36 (23.6%) 49 (17.1%)

Pain score missing data 1 (0.8%) 2 (1.3%) 3 (1.04%)
Presence of bone metastases 115 (85.8%) 133 (86.9%) 248 (86.4%)
Missing data on bone metastases 5 (3.7%) 2 (1.3%) 7 (2.4%)
Presence of visceral metastases 17 (12.7%) 24 (15.7%) 43 (15%)
Liver metastases 9 (6.7%) 17 (11.1%) 26 (9%)
Missing data 7 (5.3%) 3 (2%) 10 (3.5%)
Lung metastases 10 (7.4%) 8 (5.2%) 18 (6.27%)
Missing data on lung metastases 8 (6%) 2 (1.3%) 10 (3.5%)
Anemia (hemoglobin≤10 g/dl) 16 (11.9%) 23 (15%) 39 (13.6%)
Missing data on Hb 2 (1.5%) 2 (1.3%) 4 (1.4%)
Elevated LDH 45 (33.6%) 65 (42.2%) 110 (38.3%)
Missing data on LDH 29 (21.6%) 71 (46.4%) 100 (34.8%)
Elevated ALP 51 (38%) 64 (41.8%) 115 (40%)
Missing data on ALP 20 (14.9%) 33 (21.6%) 53 (18.5%)
Weight loss 28 (20.9%) 44 (28.8%) 72 (25.1%)
Missing data on weight loss 4 (3%) 14 (9.1%) 18 (6.3%)



Chemotherapy regimens. Docetaxel-based chemotherapy was
administered to 134 (46.7%) patients. Other chemotherapeutic
regimens included oral etoposide and estramustine (76, 26.5%),
carboplatin in combination with estramustine and oral etoposide
(32, 11.4%), carboplatin with cyclophosphamide (13, 4.5%),
vinorelbine (18, 6.3%), mitoxantrone, estramustine and
vinorelbine combination (11, 3.8%), and mitoxantrone (2, 0.7%). 

Second-line chemotherapy was administered to 175 (61%)
patients (data on 32 patients are missing). It included
doxorubicin plus ketoconazole (101, 57.71%), oral etoposide
and estramustine (50, 28.57%) and vinorelbine (24, 13.71%).
Mitoxantrone was not commonly used. 

Table I depicts patient characteristics by docetaxel- and non-
docetaxel-containing treatment groups. There were no
differences in age nor in presence of bone or visceral
metastases. Patients who received non-docetaxel-containing
treatment more often had impaired performance status, pain,
weight loss and higher PSA. 

Median overall PFS following first-line treatment was 6
months (95% confidence interval 5.1-7.1 months). Docetaxel-
based treatment conferred 6.6 months PFS (95% confidence
interval (CI) 5.1-8.1 months) as compared to 5.5 months (95%
CI 4.4-7.5 months) with other regimens (Figure 1A). 

Median OS was 16 months (95% CI 15.1-17.1 months). There
was a two-month difference in OS between patients receiving
docetaxel (17 months) (95% CI 14.8-17.0 months) and those
receiving treatments (15 months) (95% CI 16-23.2 months)
(p=0.066) (Figure 1B). A PSA reduction >50% was reached in
148 (51.6%) patients regardless of treatment, while in 95
(33.1%), reduction exceeded >80%. Supplemental Figures A-C
depict waterfall plots of PSA modulation following treatment.
There was no difference between docetaxel and non-docetaxel
treatment with regard to >50% or >80% PSA reduction (p-
value=0.8). Overall PSA reduction >30% predicted improved OS
and PFS (supplemental figures D-E) as anticipated. 

Pretreatment predictors of PFS and OS. We sought possible
associations between OS and PFS and pretreatment
characteristics. Given the lack of significant difference in
outcome, the analysis included all patients treated with
chemotherapy. 

Characteristics included age >70 years, pretreatment
hemoglobin <10 g/dl, pretreatment PSA >30 ng/dl, elevated
ALP, elevated lactic LDH, presence of visceral metastasis,
extent of bone metastatic disease, impaired ECOG performance
status PS ≥2, pain score and time from diagnosis to castration
resistance. 

PFS analysis: Univariate analyses identified associations
between shorter PFS and laboratory parameters such as PSA
>30 ng/dl (Figure 2A), anemia (hemoglobin≤10 g/dl) (Figure
2B), elevated LDH (above upper normal limit) (Figure 2C).
Interestingly age >70 years was indicative of a longer time to
disease progression (Figure 2D).

Elevated ALP, weight loss (defined as >10% weight in a
month) and impaired performance status (PS>1) associated
with shorter PFS were marginally significant (Figure 2E-G).
Importantly, time from diagnosis to castration resistance of less
or equal to 2 years was strongly associated with a poor
outcome (Figure 2H). A moderate or severe level of pain (pain
score >2 in a 0-10 scale), presence of visceral metastases and
extent of bone metastatic disease did not influence PFS. 
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Figure 1. A: Progression-free survival by chemotherapy type (p=0.62 in
log-rank test). Median PFS is 6.6 months for docetaxel-containing
regimens and 5.5 months for non-docetaxel-containing regimens. B:
Overall survival (from Rx date) by chemotherapy type with median follow-
up of 48 months. Median survival is 17 months for docetaxel-containing,
15 months for non-docetaxel-containing regimens, (p=0.07 in log-rank
test). Supplemental Figure A-C: Waterfall plots of PSA modulation
following treatment. A PSA reduction >50% was reached in 148 (51.6%)
patients, while in 95 (33.1%), reduction exceeded >80% (A). There was
no difference between docetaxel (B) and non-docetaxel treatment (C) with
regard to >50% or >80% PSA reduction. (p-value: 0.8). D-E: PSA
reduction >30% predicted improved OS (D) and PFS (E).



Multivariate analysis for the purpose of identifying
candidate prognosticators of outcome was performed. All
significant, even if marginally so, univariate parameters were
included, namely age >70 years, weight loss, PS ECOG >1,
pretreatment elevated ALP, pretreatment PSA>30 ng/dl,

anemia (hemoglobin <10 g/dl) and time to castration
resistance. LDH was not included given the extent of missing
data in the cohort (Table I). Finally, docetaxel-containing
treatment vs. others was included. Baseline PSA >30 ng/dl
and time to castration resistance of less than 2 years, appear
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Figure 2. continued



to be independent adverse PFS predictors, with the latter
marginally so (Table II). 

OS analysis: Univariate analyses identified associations
between OS and PSA >30 ng/dl (Figure 3A), anemia
(hemoglobin<10 g/dl) (Figure 3B), elevated LDH (above
upper normal limit) (Figure 3C), elevated ALP (Figure 3D)
and weight loss (defined as >10% weight loss in a month),
time from metastatic disease diagnosis to castration
resistance of less than or equal to 2 years, were again
found to be strongly associated with OS. Finally pain and
a poor performance status were also associated with
shorter OS (Figures 3E-H). Age, presence of visceral
metastases and number of bone lesions were not associated
with outcome. 

Multivariate analysis was performed using the same
parameters as those included for PFS analysis. Time to
castration resistance <2 years, elevated ALP and impaired
ECOG PS >1 were identified as independently significant
predictors of a poorer overall survival (Table II) and weight
loss of borderline significance. 

Discussion

Establishing chemotherapeutic standards of care in prostate
cancer has proved a difficult task as compared to other solid
tumors. It took years and many patients to establish
docetaxel in treatment of metastatic CRPC (1, 2). Docetaxel
has improved the quality of CRPC patients’ lives and offered
a longer PFS and OS.

We wished to learn from our experience of chemotherapy
treatment in CRPC and identify associations of outcome with
easily assessable clinical and laboratory parameters and thus
propose candidate predictors of response (6-8).

We elected the agnostic route and assessed the difference in
PFS and OS between docetaxel-based chemotherapy and other
regimens. Interestingly, comparators were not all mitoxantrone-
based but included carboplatin, etoposide and the vinca
alkaloid vinorelbine.

In this retrospective analysis, we did not identify a
statistically significant difference in PFS or OS between
docetaxel- and non-docetaxel-containing regimens. Several
factors may have contributed to this result.

Given that a two-month OS difference was indeed observed,
this may be related to the smaller number of patients or the
retrospective nature of the analysis. Furthermore, the docetaxel
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Table II. Progression-free survival and overall survival.

Estimate Hazard 95% CI P-value
ratio Lower Upper

Proression-free survival
Hgb <10 g/dl –0.25 0.78 0.54 1.13 0.18
Elevated ALP 0.08 1.08 0.80 1.46 0.62
Weight loss 0.25 1.28 0.91 1.79 0.15
Non-docetaxel treatment –0.04 0.96 0.73 1.27 0.77
Time to CRPC <2 years –0.27 0.76 0.58 1.00 0.050
PSA >30 ng/ml at baseline 0.34 1.40 1.01 1.94 0.044
PS=2 or 3 –0.03 0.97 0.70 1.34 0.83

Overall survival
Hgb <10 g/dl –0.29 0.75 0.52 1.10 0.14
Elevated ALP 0.48 1.62 1.18 2.24 0.0032
Weight loss 0.28 1.33 0.95 1.84 0.093
Non-docetaxel treatment 0.09 1.09 0.82 1.46 0.54
Time to CRPC <2 years –0.41 0.66 0.50 0.87 0.003
PSA >30 ng/ml at baseline 0.20 1.22 0.87 1.72 0.24
PS=2 or 3 0.33 1.39 1.01 1.92 0.042

Figure 2. Univariate analysis for PFS correlation with PSA (A), hemoglobin (B), lactic dehydrogenase (C), age (D), alkaline phosphatase (E),
weight loss (F), performance status (ECOG) (G) and time to CRPC (H).



regimen used was mainly that of an every two-week
administration, which may be inferior to standard treatment.
More importantly, in our opinion, the comparator arm did not
consist of single therapy mitoxantrone but included mainly

combination therapy that may very well be of analogous
efficacy (9). Given the lack of difference between the regimens,
we opted to assess candidate pretreatment prognosticators of
PFS and OS in the entire chemotherapy cohort. 
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Intermediate surrogates of response are of interest given the
need for measures that will help shorten trial follow-up in a
disease with such a long natural history. As previously reported,
our analysis confirmed PSA reduction ≥30% from baseline as
an important surrogate associated with both improved PFS and
OS (10). We remain cautious with regard to the value of PSA
modulation, given the shift in therapeutics such as active
immunotherapy and microenvironment targeting agents (11,
12). Furthermore, when therapeutic agents directly target the
androgen signaling axis, PSA modulation may only serve as a
pharmacodynamic measure as it may be unlinked with
treatment efficacy in the castration-resistant state. The primary
goal of this analysis was to search for easily assessable
pretreatment predictors of outcome. With that in mind, we
included clinical and laboratory information that pertain to
standard CRPC work up. 

Performance status and constitutional symptoms, such as
weight loss along, with cancer-related pain, have been
associated with OS in CRPC. Pain interference score was
proposed as an independent predictor of OS in a
retrospective analysis of 590 patients following a series of
smaller reports based mainly on results from univariate
analyses (13, 14). Interestingly, the presence of visceral
metastasis as a binary variable or extent of bone disease did
not correlate with OS or PFS in our analysis, unlike other
reports (15).

It is quite possible that the presence of pain is a more
accurate surrogate for extent of bone metastatic disease (16,
17). In our analysis, moderate and severe pain correlated with
OS, as has been recently reported, while impaired performance
status had an even stronger association. We elected the
performance status for the multivariate analysis as it is assessed
more commonly and easily than the pain score. 

Elevated LDH and ALP and high pretreatment PSA have
all been associated with poor outcome. In our multivariate
analysis, LDH data were not included given the lack of a
significant amount of data. ALP, more accurately the bone-
specific component, is a bone turnover marker that has been
associated in multiple reports with outcome and skeletal
events (15). Our multivariate analysis confirmed elevated
ALP to be an independent prognosticator of outcome for OS
but not PFS. 

According to our analysis, time to castration resistance is an
important prognosticator for both PFS and OS following
chemotherapy. A short time to castration resistance is invariably
associated with increased PSA velocity or short PSA doubling-
time, parameters that have been associated with a poor
outcome in multiple CRPC reports (18, 19). The advantage of
time to castration resistance is that it is easily assessable as it
does not require prior PSA measurements, which may not
always be available. As all patients were chemotherapy-treated
and no untreated control was available, we can only speculate
as to whether this is a specific prognosticator of chemotherapy
outcome. Given the central role of the androgen signaling axis
in prostate cancer progression, it would be reasonable to
consider time to castration resistance as an independent
prognosticator of disease outcome i.e. regardless of
chemotherapy given. Yet in this case, the parameter remains
significant, even though not strongly so, for PFS as well, which
is an outcome more likely to be treatment-specific.
Alternatively, there is considerable room for speculation that a
subset of prostate cancer patients inherently do better than
others, despite treatment provided. Undoubtedly, patients with
short time to castration resistance should be offered novel
experimental therapeutic approaches, if available, given the
impetus to improve their quality of life and OS. 
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Figure 3. Univariate analysis for OS correlation with PSA (A), hemoglobin (B), lactic dehydrogenase (C), alkaline phosphatase (D), weight loss (E),
time to CRPC (F), perfomance status (ECOG) (G) and pain score (H). 



In conclusion, we performed this analysis in an effort to
identify easily applicable candidate prognosticators of
outcome in CRPC. Asymptomatic or oligosymptomatic
patients with normal ALP in combination with a time to
castration resistance longer than two years may stand to gain
from chemotherapy. Of course this approach does not
preclude using other lines of hormonal therapy prior to
chemotherapy, or even a combination of intermittent
chemotherapy with hormonal therapy. 

Given current research on maximal androgen ablation with
agents such as abiraterone acetate and mdv3100 (4, 5), it will
be of interest to study whether time to chemotherapy treatment
will be prolonged with such agents or whether a combination
of maximal androgen ablation with chemotherapy will be
warranted at least following initial castration resistance. 
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