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Objective
To evaluate the benefit of docetaxel rechallenge in patients
with metastatic castration-resistant prostate cancer (mCRPC)
relapsing after an initial good response to first-line docetaxel.

Patients and Methods
We retrospectively reviewed the records of consecutive
patients with mCRPC with a good response to first-line
docetaxel [serum prostate specific antigen (PSA) decrease
≥50%; no clinical/radiological progression]. We analysed the
impact of management at relapse (docetaxel rechallenge or
non-taxane-based therapy) on PSA response, symptomatic
response (performance status/pain/analgesic consumption),
and overall survival (OS). We used multivariate stepwise
logistic regression to analyse potential predictors of a
favourable outcome.

Results
We identified 270 good responders to first-line docetaxel. The
median progression-free interval (PFI) was 6 months from the
last docetaxel dose. At relapse, 223 patients were rechallenged
with docetaxel (82.5%) and 47 received non-taxane-based

therapy. There was no significant difference in median OS
{18.2 [95% confidence interval (CI) 16.1–22.00] and 16.8
[95%CI 13.4–21.5] months, respectively, P = 0.35}. However,
good PSA response and symptom relief/stable disease were
more frequent on docetaxel rechallenge (40.4% vs 10.6%, P <
0.001 for PSA). A PFI of >6 months and added estramustine
predicted a good PSA response and symptomatic response on
docetaxel rechallenge but only a PFI of >6 months predicted
longer OS. Haemoglobin (<13 g/dL) and pain were associated
with reduced OS. Docetaxel rechallenge increased the
incidence of grade ≥3 sensory neuropathy, nail disorders and
asthenia/fatigue.

Conclusions
Docetaxel rechallenge is a management option for responders
to docetaxel with a PFI of >6 months, but did not prolong
survival. Potential benefits should be weighed against the risk
of cumulative toxicity.
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Introduction

Docetaxel was the first cytotoxic agent to show a survival
benefit, as well as pain alleviation and improved quality of life,
in patients with metastatic castration-resistant prostate cancer
(mCRPC) [1–3]. In the pivotal TAX 327 phase III trial in 1006
patients with mCRPC, the 3-year survival rate was 18.6%
for docetaxel (75 mg/m2 every 3 weeks) plus prednisone

compared with 13.5% for mitoxantrone plus prednisone,
despite one in five patients crossing over to docetaxel at
progression [3,4]. In a phase II prospective randomised study
evaluating the impact of cross-over on outcomes, patients
crossing over from mitoxantrone to a 3-weekly docetaxel
regimen had considerably longer overall survival (OS)
than those receiving no further or a non-docetaxel-based
chemotherapy [31.7 months (95% CI 26.4–36.9) vs 7.5 months
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(95% CI 4.9–10.1)] [5]. Considering these results, a 3-weekly
docetaxel regimen became the standard of care for
symptomatic patients with mCRPC and asymptomatic
patients with progressive disease [6–8].

A variety of new therapeutic agents have recently been shown
to increase OS in patients with mCRPC. They include the
cytotoxic agent cabazitaxel, the hormone-blocking agents,
enzalutamide and abiraterone acetate, a radionucleotide
(radium-223), and sipuleucel-T immunotherapy [9–13].
However, until 2010, patients with mCRPC in the
post-docetaxel setting could only benefit from palliative
mitoxantrone plus prednisone therapy [14], although several
small retrospective studies had reported PSA response rates
ranging from 25% to 77% on docetaxel rechallenge after an
initial good response to first-line therapy with the drug
[15–25]. The aim of the present large-scale retrospective
European study was: (i) to evaluate the potential benefit of
reintroducing a taxane-based rather than a non-taxane based
chemotherapy in patients with mCRPC relapsing after an
initial good response to first-line docetaxel, (ii) to identify
potential predictors of favourable outcomes (biochemical and
clinical responses, OS) on docetaxel rechallenge.

Patients and Methods
The records of consecutive patients with mCRPC with a good
PSA response to first-line docetaxel were collated in 17 centres
in seven European countries (September 2009 to January
2011). A good response was defined as a ≥50% decline in PSA
according to the guidelines of the Prostate Cancer Working
Group 2 (PCWG2) [26] with no signs of radiological or
clinical progression. For inclusion in this retrospective study,
patients must not have had progressive disease at any time
during docetaxel therapy. We collected data on patient
demographics, prostate cancer history and management at
progression after first-line docetaxel (number and type of
therapy lines). The study was approved by the Institutional
Review Boards of the participating centres.

Outcome measures included PSA response, clinical outcome,
progression-free interval (PFI) since the last docetaxel dose
(progression being defined as per PCWG2 guidelines [26]), OS
(calculated from first day of rechallenge to death), and grade 3–4
toxicities. Clinical outcome categories were: symptom relief
[improved Eastern Cooperative Oncology Group (ECOG)
performance status (PS) and/or pain relief and/or reduced
analgesic consumption], stable disease (stable PS and/or stable
pain/analgesic consumption) or no response (worse PS and/or
worse pain/higher analgesic consumption).

Continuous variables were expressed as medians (ranges) and
categorical variables as frequencies (percentages). OS data
were censored at the last date the patient was known to be
alive at the study end date. OS data were analysed by the
Kaplan–Meier method and compared using the log-rank test.

Potential predictors of biochemical and clinical outcomes after
the first docetaxel rechallenge were analysed by a multivariate
stepwise logistic regression procedure in patients in whom all
selected variables were documented. The variables comprised
patient characteristics [age at initial diagnosis, prior curative
therapy, metastatic sites (bone, lymph node, visceral)], type of
progression (PSA, clinical, bone scan), pain, ECOG PS, number of
prior hormonal manipulations, number of docetaxel cycles before
rechallenge, added estramustine, haemoglobin (<13 or ≥13 g/dL),
alkaline phosphatase, Gleason score, PSA value (Log10), PSA
doubling time, and PFI from last first-line docetaxel dose.
Variables with a P ≤ 0.05 were kept in the final multivariate
model. A Cox proportional hazard analysis was performed to
identify potential predictors of OS. Odds ratios (ORs) or hazard
ratios (HRs) with 95% CIs were calculated. SAS® (version 9.2)
software was used.

Results
Patient Characteristics

Overall, 270 consecutive patients showed a good PSA response
to first-line docetaxel therapy. Throughout their PFI, they
received maintenance LHRH agonist therapy only. At
progression, 223 patients (82.6%) were rechallenged with
docetaxel. The remaining 47 patients (17.4%) received
non-taxane based second-line therapy [mitoxantrone/
prednisone (alone, 18; combined with estramustine, one),
vinorelbine (alone, six, combined with estramustine, two),
platinum-based therapy (eight), diethylstilboestrol (seven),
cyclophosphamide (four), capecitabine (one)]. Patients’ clinical
characteristics at progression were relatively well balanced
between the two regimens with the exception of clinical
progression/presence of pain at treatment initiation and
combination with estramustine during first-line docetaxel
therapy, which were more common within the non-taxane
arm (Table 1).

Activity of Therapies Prescribed after
First-line Docetaxel

The median OS (calculated from the first day of treatment for
relapse) was not significantly different between docetaxel
rechallenge (18.2 months, 95% CI 16.1–22.0) and second-line
non-taxane therapy (16.8 months, 95% CI 13.4–21.5; P = 0.35)
(Fig. 1). However, a good PSA response (≥50% decrease from
baseline) was significantly more common in docetaxel-
rechallenged patients than patients receiving second-line
non-taxane therapy (40.0% vs 11.0%, P < 0.001). Similarly,
there was a higher rate of stable disease (66% vs 49%) and a
lower rate of non-responders (18% vs 32%) in patients
rechallenged with docetaxel (Fig. 2).

The 223 patients rechallenged with docetaxel had received a
median of eight cycles of first-line docetaxel therapy. The
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number of prior docetaxel cycles received (>8 vs <8 cycles)
did not influence outcomes with subsequent docetaxel
rechallenge, either in terms of PSA response (no decline vs
decline; 33.8% vs 34.8%, P = 0.886), symptom relief (no vs
yes; 34.8% vs 31.6%, P = 0.851) or OS (HR 0.856, 95% CI
0.588–1.245, P = 0.416).

Impact of PFI on Response to First Docetaxel
Rechallenge

The median (range) PFI from the last first-line docetaxel
dose was 6 (1–54) months. There was a strong relationship
between PFI and outcome on docetaxel rechallenge. Patients
progressing at >6 months after the last docetaxel dose had
greater PSA response rates (54.9%) and symptom relief
(25.7%), and the longest median OS (20.4 months)
(Table 2).

Table 1 Clinical characteristics of patients with mCRPC progressing after a good PSA response to first-line docetaxel.

Overall Docetaxel rechallenge Second-line non-taxane therapy P

Patients, N 270 223 47
Characteristics at diagnosis
Median (range) age, years 62 (44–88) 63 (44–88) 62 (51–83) 0.50
Gleason score, %

8–10 54.2 54.7 52.3 0.87
≤7 45.8 45.3 47.7

Clinical stage, %
T1/T2, N0, M0 11.5 9.7 11.2 0.41
T3/T4, N0, M0 36.3 38.5 25.8
All T, N1, M0 13.5 22.6 15.1
M1 37.4 36.5 41.9

Prior curative local therapy, % 55.9 54.3 63.8 0.26
Characteristics at first-line docetaxel

Median (range) age, years 68 (49–90) 68 (49–90) 66 (52–87) 0.36
Aged ≥70 years, % 43.7 44.4 40.4 0.63
Pain, % 37.4 34.5 51.1 0.05

ECOG PS, %
0–1 96.5 96.7 95.5 0.65
≥2 3.5 3.3 4.5

Median (range) PSA, ng/mL 78.8 (1–6120) 78.8 (1–6120) 81.3 (5–1930) 0.63
Metastatic site, %

Lymph node only 24.1 20.6 40.4
Bone (without visceral) 79.6 78 87.2 0.22
Visceral 5.2 5.4 4.3

First-line docetaxel therapy
Median (range) number of cycles 8 (3–28) 8 (3–28) 8 (3–10) 0.89
Type of administration %

Monotherapy 76.7 80.3 59.6
Combined with estramustine 17.4 14.8 29.8 <0.05
Other combination 5.6 4.9 10.6

Characteristics at progression
Median (range) PFI, months 6.0 (1–54) 6.0 (1–54) 5.7 (2–39) 0.47
Type of progression, %

PSA 90.0 88.8 95.7 0.19
Clinical 27.4 23.3 46.8 <0.05
Bone scan 24.4 23.3 29.8 0.35

Measurable disease 11.9 10.3 19.1 0.13
Pain, % 48.5 45.7 61.7 0.054
ECOG PS 0–1, % 92.7 92.7 93.0 1.00
Median (range) PSA level, ng/mL 84.0 (1–3261) 82.4 (1–3261) 99.7 (5–3039) 0.56
Median (range) follow-up since start of first docetaxel cycle, months 26.1 (5–82) 25.7 (5–82) 26.8 (11–82) 0.31

Fig. 1 OS after a docetaxel rechallenge and after second-line non-taxane

based therapy (calculated from first day of treatment after relapse).
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Activity and Safety of Multiple
Docetaxel Rechallenges

Of the initial 270 good responders to docetaxel, 223 (82.6%)
were rechallenged at least once with docetaxel and, of these
223 patients, 87 were rechallenged at least twice and 38 three
times. Of the 47 patients on non-taxane second-line therapy,
most received non-taxane third-line (17 patients) and
fourth-line (seven) therapy. Patient characteristics at each
challenge, as well as the type, activity and safety of docetaxel
rechallenge are given in Table 3. The PFI since the last
docetaxel dose, as well as PSA response rates and symptom
relief, tended to decrease with each challenge, whereas the
incidence of grade ≥3 sensory neuropathy, nail disorders and
asthenia/fatigue tended to increase.

Predictors of PSA Response, Symptomatic
Response and OS

Potential predictors of a good PSA response, and longer OS
on a first docetaxel rechallenge were analysed by multivariate
analysis (Table 4). A PFI of >6 months and added estramustine
tripled the chances of a good PSA response (OR 3.82 and 2.85,
respectively) and were also strong predictors of symptom

relief (OR 4.17 and 4.21, respectively). Clinical progression
(OR 5.01) and pain (OR 3.53) at treatment initiation, lack of
prior local curative therapy (OR 3.05) and, to a lesser extent,
high baseline serum PSA values (OR 1.82) also decreased the
chances of symptom relief with docetaxel rechallenge. The
area under the receiver operating characteristic curve was 0.68
for the PSA response model and 0.889 for the symptomatic
response model (Fig. 3A,B). A PFI of >6 months was
associated with significantly longer survival (HR 0.55),
whereas pain (HR 1.90), haemoglobin <13 g/dL (HR 1.79) and
high pre-challenge serum PSA values (HR 1.87) predicted
poorer OS.

Discussion
In this retrospective study of 270 patients with mCRPC
progressing at >6 months after the last first-line docetaxel
dose, docetaxel rechallenge was associated with a higher
frequency of good PSA responses and symptomatic responses
than observed on second-line non-taxane therapy. However,
there was no significant impact on OS.

PFI duration after the last first-line docetaxel dose predicted
response to docetaxel rechallenge. Benefits in terms of PSA
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Table 2 Efficacy of first docetaxel rechallenge as a function of PFI since last docetaxel dose.

PFI from last docetaxel dose

≤3 months (n = 38) 3–6 months (n = 72) >6 months (n = 113)

Good PSA responders, % 10.5 33.3 54.9
Clinical outcome, %

Symptom relief 5.3 9.7 25.7
Stable disease 60.5 72.2 62.8
Non responders 34.2 18.1 11.5

Median (95% CI) OS from first docetaxel rechallenge, months 15.7 (11.8–20.3) 17.1 (13.3–24.6) 20.4 (16.8–25.7)

Good PSA responder: ≥ 50% decrease from baseline.

.
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response, clinical outcomes and OS were greater for a PFI of
>6 months than of 3–6 months. For a PFI of <3 months, there
was no benefit at all, thereby confirming results from two
earlier studies: (i) In a study of 39 patients with mCRPC
rechallenged with docetaxel, those progressing at ≥3 months
after the last docetaxel cycle had a longer median
progression-free survival (PFS, 6.3 vs 3.4 months, P = 0.04)
and median OS (19.4 vs 12.8 months) than those progressing
within 3 months [21], (ii) In another study of 46 patients with
mCRPC rechallenged with docetaxel, the time slope of the log
PSA decline and the interval from and PSA response to the
previous cycle were predictors of response, with good
responders having a median PFI of 6 months [23]. A positive
response to rechallenge in patients with a PFI of >6 months
suggests that the tumour cells are still docetaxel-sensitive
whereas patients relapsing earlier have probably developed
resistance mechanisms due to mutations (e.g. β-tubulin),
altered protein expression (membrane-bound efflux proteins,
microtubule-associated protein, βIII-tubulin), defective
apoptotic pathways, or hypoxia [27].

Longer PFIs have been linked with better responses to
rechallenge with the same drug in many cancers (e.g. breast
cancer, colorectal cancer, advanced-stage gastrointestinal
stromal tumours, chronic myelocytic leukaemia) [28,29], with
a PFI of 6 months being a common threshold for predicting
response to rechallenge. Patients with ovarian cancer with a
PFI of >6 months after first-line platinum-based therapy
(‘platinum-sensitive’) were given paclitaxel plus platinum,
whereas patients relapsing ≤6 months (‘platinum-resistant’)
received other cytotoxic therapy [30]. Patients with metastatic
RCC progressing after treatment with the tyrosine kinase
inhibitor sunitinib had a significantly longer median PFS if
their PFI exceeded 6 months (16.5 vs 6 months, P = 0.03) [31].

The benefits of a docetaxel rechallenge have to be weighed
against the risk of cumulative toxicity and impaired quality of
life. In the present study, there was an increased incidence of
grade ≥3 sensory neuropathy (up to 9.2%), nail disorders (up
to 7.9%) and asthenia/fatigue (up to 10.5%) on docetaxel
rechallenge. However, multiple docetaxel rechallenges did not

Table 3 Patient characteristics at rechallenge and docetaxel efficacy and toxicity.

First-line docetaxel Rechallenge with docetaxel

First Second Third

Patients, N 270 223 87 38
Characteristics at first-line docetaxel

Median (range) PFI, months NR 6 (1–54) 5 (1–32) 4 (0–12)
Pain, % 37.4 45.7 44.2 39.5
ECOG PS 0–1, % 96.5 92.7 92.8 80.6
Median (range) PSA level, ng/mL 79 (1–6120) 82 (1–3261) 107 (1–3630) 166 (10–1012)

Types of docetaxel therapy
Median (range) number of cycles 8 [3–28] 6 [1–24] 6 [1–16] 6 [3–16]
Docetaxel alone, % 77.1 83.4 72.1 65.8
Added estramustine, % 17.4 15.2 27.9 31.6
Other combination, % 5.6 1.3 0 2.6
3-weekly schedule, % 65.2 60.8 65.5 68.4
Weekly schedule, % 34.8 39.2 34.5 31.6

Activity of docetaxel therapy, %
PSA level decrease of ≥50%* 96 40 39 26
Symptom relief 28 17 9 16
Stable disease 70 66 64 61
Non responder 3 18 26 24

Grade ≥3 toxicity, %
Asthenia/fatigue 6.7 4.9 4.6 10.5
Nail disorders 6.3 3.1 4.6 7.9
Sensory neuropathy 0.4 2.2 9.2 7.9
Febrile neutropenia 4.8 3.6 5.7 0
Neutropenia 4.1 2.2 2.3 0
Anaemia 3.3 4.5 11.5 0
Thrombocytopenia 0 1.3 0 0
Dyspnoea 0 3.1 5.7 2.6
Nausea/vomiting 1.5 0.4 1.1 0
Diarrhoea 1.5 0 0 0
Anorexia 0.7 1.8 1.1 0
Thrombosis 1.5 0 0 0
Peripheral oedema 0 0.4 0 0
Rash/desquamation 0 0.4 0 0

Prophylactic G-CSF, % 0.9 1.8 2.3 2.6

*Good PSA responder: ≥ 50% decrease from baseline; NR: not relevant.
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increase the risk of febrile neutropenia (0–5.7%), despite
infrequent prophylactic granulocyte colony-stimulating factor
(G-CSF) use (1.8–2.6%).

In patients in whom docetaxel reintroduction is unadvisable
because of a PFI of <6 months or because of toxicity, the
newly available treatments showing a survival benefit over
placebo in patients with mCRPC progressing during or after
docetaxel therapy (e.g. abiraterone, enzalutamide, and
radium-223 [10–12]) may be considered. In taxane-sensitive
patients with unacceptable docetaxel toxicity, a switch to the
new generation taxane cabazitaxel may be an option, as this
drug is associated with a low incidence of grade ≥3 sensory
neuropathy and nail disorders (<1%) [9]. Cabazitaxel
nevertheless carries an increased risk of febrile neutropenia
(7.5%) and grade ≥3 diarrhoea (6%), although a
compassionate-use programme involving 746 patients
(aged ≥75 years, N = 145) has indicated that these side-effects
can be considerably reduced by training staff in side-effect
management and G-CSF use [32]. Cabazitaxel has shown

a survival benefit over mitoxantrone in a post-docetaxel
setting [9].

The present study, which is the largest to date to evaluate the
usefulness of docetaxel rechallenge in patients with mCRPC,
has some limitations. First, it is hypothesis generating only
because of the biases inherent in chart reviews. Second, it
was not powered to compare treatments; the taxane/non-
taxane comparison is thus indicative only. Third, we
excluded patients without a PSA decline but who had
symptomatic improvement and who might have benefited
from docetaxel rechallenge. Taxanes decrease androgen
receptor (AR) nuclear translocation [33,34] and inhibit
AR-transcriptional activity by inducing nuclear accumulation
of the AR suppressive nuclear factor FOXO1 [33], but their
beneficial effects on symptoms are not always associated with
a PSA response, especially in the more advanced stages of
the disease [35,36].

In conclusion, docetaxel rechallenge, although it has no
survival benefit, may be a treatment option in good responders

Table 4 Potential predictors of outcome after first docetaxel rechallenge.

n/N (%) OR or HR (95% CI) P

Good PSA response
PFI (months)

≤6 28/110 (25.4) 1 (reference)
>6 62/113 (54.9) 3.82 (2.13–6.84) <0.001

Added estramustine
no 70/189 (37.0) 1 (reference)
yes 20/34 (58.8) 2.85 (1.29–6.30) 0.009

Symptomatic response
PFI (months)

≤6 9/110 (8.2) 1 (reference)
>6 29/113 (25.7) 4.17 (1.64–10.59) <0.001

Added estramustine
no 28/189 (14.8) 1 (reference)
yes 10/34 (29.4) 4.21 (1.43–12.36) <0.001

Clinical progression at therapy initiation
no 15/171 (8.8) 1 (reference)
yes 23/52 (44.2) 5.01 (2.04–12.3) <0.001

Pain at treatment initiation
no 7/121 (5.8) 1 (reference)
yes 31/102 (30.4) 3.53 (1.28–9.73) 0.014

Prior local curative therapy
yes 12/133 (9.0) 1 (reference)
no 27/102 (26.5) 3.05 (1.21–7.65) 0.018

High PSA level at treatment initiation (Log 10) – 1.82 (0.93–3.53) 0.079
Overall survival

PFI (months)
≤6 1 (reference)
>6 0.55 (0.37–0.81) 0.002

Pain at treatment initiation
No 1 (reference)
Yes 1.90 (1.29–2.79) 0.001

Haemoglobin (g/dL)
>13 1 (reference)
≤13 1.79 (1.16–2.75) 0.009

High PSA level at treatment initiation (Log 10) 1.87 (1.39–2.52) <0.001

OR, odds ratio for good PSA response (≥50% decrease from baseline) and for clinical improvement; HR, hazard ratio for
overall survival; PFI, progression-free interval from last docetaxel dose.
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to first-line docetaxel who relapse more than 6 months after
the last docetaxel cycle. However, its benefit on symptoms has
to be weighed against the increased incidence of grade ≥3
sensory neuropathy, nail disorders and asthenia. Docetaxel
rechallenge reflects real-life practice in many European centres
but its place in the rapidly evolving mCRPC landscape needs
to be defined. With the recent results of the large randomised
Chemohormonal Therapy vs Androgen Ablation Randomized
Trial for Extensive Disease in Prostate Cancer (CHAARTED)
trial showing a median survival benefit of 13.6 months with
docetaxel plus androgen-deprivation therapy (ADT) vs ADT

alone in hormone-naïve metastatic prostate cancer, docetaxel
is likely to be prescribed earlier, especially in case of high
disease burden [37]. The place of new powerful AR-targeted
agents (abiraterone, enzalutamide) also prolonging survival
but to a much less extent (≈2 months) in the pre-docetaxel
setting needs to be reconsidered [38,39]. Their possibly
negative impact on the activity of docetaxel remains a
concern. Indeed, several small retrospective studies suggest
that patients progressing with these new AR-targeted agents
have a reduced PSA response and OS with docetaxel [40],
which does not seem to be the case with cabazitaxel, a next
generation taxane developed to overcome docetaxel resistance
[41,42]. In such a context, benefits of docetaxel rechallenge
may not be valid anymore. The ongoing UK randomised
phase II study CANTATA comparing docetaxel rechallenge vs
cabazitaxel in patients with mCRPC previously treated with
docetaxel might help to solve the issue.
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