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ABSTRACT

Introduction: This study aimed to assess the
effects of multiple docetaxel (DOC) treatments
on prostate-specific antigen (PSA) kinetics and
survival among patients with metastatic castra-
tion-resistant prostate cancer (mCRPC) who
were sensitive to first-line DOC and received no
other life-prolonging agents. To eliminate the
effect of cortisone on serum PSA, only patients
who were treated without prednisone were
included.
Methods: This IRB-approved retrospective
study evaluated 52 patients with mCRPC who
were retreated using DOC after first-line DOC
(without prednisone in both cases), based on a
PSA response of[ 50% and no radiographic
progression. Twenty-three PSA-based factors,
including static and kinetic PSA measures, were

evaluate for their ability to predict overall sur-
vival (OS)
Results: The patients received 688 cycles of
DOC in 143 series, including 91 courses of
retreatments (1 cycle: 28 patients, 2 cycles: 14
patients, 3 cycles: 8 patients, 4 cycles: 1 patient,
and 7 cycles: 1 patient). The median overall
number of cycles per patient was 12 (range:
7–31). The median durations of the first, sec-
ond, and third holidays were 18 weeks (6–-
60 weeks), 16 weeks (3–44 weeks), and 17 weeks
(8–51 weeks), respectively. The median OSs
were 22 months (10.5–70 months) after the first
DOC treatment and 14 months (3–65 months)
after the second DOC treatment. The[ 50%
PSA decline rate was 48% after retreatment.
Short treatment holidays (\ 3 months) were
associated with shortened OS (p = 0.01). In the
multivariate analysis, a 25% PSA increase over
the nadir was the strongest predictor of survival
(HR: 3.20, 95% CI: 1.47–6.99, p = 0.003).
Conclusions: DOC retreatment without pred-
nisone had anti-tumor activity in a considerable
proportion of mCRPC cases that were initially
sensitive to first-line DOC. A 25% PSA increase
over the nadir might predict acquired DOC
resistance.
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Key Summary Points

DOC retreatment without prednisone had
anti-tumor activity in a considerable
proportion of mCRPC cases that were
initially sensitive to first-line DOC.

A 25% PSA increase over the nadir might
predict acquired DOC resistance.

Multiple DOC retreatments without
prednisone had sustained activity in select
patients with mCRPC.

Type I PSA progression (a PSA increase of C
25% from the nadir) had the greatest
ability to predict OS, which may facilitate
the identification of patients who are
most likely to benefit from non-DOC
second-line therapies.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14541378.

INTRODUCTION

Since 2004 the standard first-line treatment
option for metastatic castration-resistant pros-
tate cancer (mCRPC) has been 3 weekly series of
docetaxel (DOC) plus prednisone providing a
survival benefit of 2–3 months compared to
mitoxantrone plus prednisone [1].

The current DOC treatment is administered
in a single series of 6–10 treatment cycles, as
patients with CPRC have broad variations in
their sensitivities to DOC. Some patients pro-
gress early during the first series of DOC treat-
ment and can be considered DOC-resistant,
while other patients complete treatment with-
out experiencing progression and are consid-
ered DOC-sensitive. Despite their favorable

response to first-line therapy, DOC-sensitive
patients are not routinely considered for further
DOC retreatment, although these patients will
clearly experience progression after discontinu-
ing DOC therapy [2].

Previous studies have confirmed the activity
and feasibility of a single DOC retreatment for
patients who have successfully completed first-
line DOC treatment [3–6]. These results clearly
suggest that a considerable portion of CRPCs
remain sensitive to DOC after first- and second-
line treatment, which supports the use of fur-
ther DOC retreatments until the development
of resistance [7]. During the last 7 years first-line
docetaxel treatment in mCRPC has lost its
importance as a stand-alone position as several
other effective first-line treatments for mCRPC
[e.g., abiraterone (2013), enzalutamide (2014)
and sipuleucel-T immunotherapy (2010)] have
been approved [8–10].

Moreover, there are no prospective data to
guide patient selection criteria for the first-line
treatments in mCRPC. Thus, DOC rechallenge
could be useful as a sandwich treatment for
mCRPC or after early treatment using DOC plus
hormonal treatment in the hormone-sensitive
metastatic setting [11–13].

Moreover, it remains critical to detect DOC
resistance as early as possible in order to switch
patients to other effective therapies.

The present study aimed to assess the effects
and feasibility of multiple DOC retreatments
until the development of drug resistance. Fur-
thermore, we analyzed static and kinetic PSA-
based factors for their ability to predict therapy
resistance and survival. To eliminate the effect
of cortisone on serum PSA, we only included
patients with primary treatment and retreat-
ment using DOC without prednisone.

METHODS

This retrospective study was approved by our
local ethics committee (EK-Nr. 426/2009 Ethic
Committee of Medical University of Vienna).
Between 2003 and 2008, 52 patients with DOC-
sensitive mCRPC underwent at least one DOC
retreatment (i.e., at least two series) at our cen-
ter. Only patients who had received DOC
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without prednisone were included, and patients
who received non-DOC life-prolonging agents
were excluded. The patients’ characteristics are
shown in Table 1. Before each retreatment, a
complete work-up with at least a bone scan and
computed tomography of the abdomen and
thorax was performed. In addition, complete
blood chemistry testing was performed, which
examined PSA levels, testosterone levels, and
blood counts. Castration resistance was defined
as clinical progression during androgen ablation

therapy, according to the Prostate Cancer
Clinical Trials Working Group Criteria II [14].
Patients were considered DOC-sensitive after
completing first-line DOC treatment; they
exhibited a PSA decline of C 50% without
radiographic progression. PSA declines were
defined using the Prostate Cancer Clinical Trials
Working Group Criteria II, while radiographic
progression was assessed according to the
RECIST criteria [15]. Patients received intermit-
tent intravenous DOC at a standard dosage of

Table 1 Patients’ characteristics

Variable Value (% or range)

Total number of patients 52

Age at diagnosis median (range) years 68 (47–86)

Previous prostatectomy 20

Previous external beam radiotherapy 5

Interval from diagnosis to CRPC (months) 64.3 (1–72)

Interval from hormone therapy to CRPC 47 (1–172)

Performance status

0 30 (58)

1 16 (31)

2 6 (11)

3 0 (0)

PSA at enrollment (ng/ml) 79 (3–866)

Bone metastasis 38 (92)

Lymph node metastasis ([ 2 cm) 4 (8)

Soft tissue lesions (lung/liver) 1 (2)

Bone mets and lymph node mets 9 (17)

Clinical subtypes according to prostate cancer Working Group Criteria II

Rising PSA and no detectable metastatic disease 0 (0)

Nodal spread and no evident bone or visceral disease 4 (8)

Bone disease with nodal disease and no evident visceral spread 9 (17)

Bone disease w/o nodal disease and no evident visceral spread 38 (73)

Visceral metastases with spread at other sites 1 (2)

Visceral metastases without spread at other sites 0

Adv Ther (2021) 38:3831–3841 3833



75 mg/m2 every 3 weeks without prednisone
(standard dose: 5 mg twice daily). For DOC-
sensitive patients, retreatment using DOC (sec-
ond or higher series) was offered until the
appearance of radiographic progression during
DOC treatment. Treatment holidays were pro-
vided between each series, which consisted of
2–6 treatment cycles. Imaging was performed at
baseline, at the end of each series, and during
the treatment holidays.

During the treatment holidays, three weekly
PSA measurements and clinical examinations
were performed. In addition, PSA levels were
assessed at baseline, on days 3 and 7 of each
cycle, and then every 3 weeks. According to the
Prostate Cancer Working Group Criteria II, we
used three different methods to define PSA
progression: (1) type I PSA progression was cal-
culated as an increase of C 25% from the nadir,
(2) type II PSA progression was based on a PSA
value above the baseline level (independent of
the patient’s treatment or holiday status), and
(3) type III PSA progression was defined as a PSA
nadir that exceeded the baseline value for the
first DOC treatment. We also calculated the PSA
doubling time and PSA velocity for each holiday
as well as the absolute PSA levels at the start of
each series, at 12 weeks after the last cycle, and
at the PSA nadir for each series. Maximum PSA
declines (as absolute values and percentages of
the baseline value) during each series and at
12 weeks after the last cycle were categorized
as\30% and\ 50%. PSA progression at
12 weeks was defined as a[25% PSA increase
relative to the baseline level for each series.

As patient survival is considered the most
reliable endpoint for predicting chemotherapy
effectiveness, we used overall survival (OS) as
the primary outcome. The secondary outcome
was defined as the ability of the various PSA-
related factors to predict OS.

Statistical Analysis

Paired group comparisons were performed using
the nonparametric two-sided Wilcoxon rank-
sum test. Survival analyses were performed
using Kaplan-Meier curves, the log-rank test,
and univariable Cox analyses. Factors with

continuous values were analyzed as a continu-
ous variable and as a categorical variable that
was dichotomized using the median value. The
Cox proportional hazards regression model was
used for the multivariable analysis, using vari-
ables that were significantly associated with OS
in the univariable analyses (p B 0.05). All sta-
tistical analyses were two-sided and used a sig-
nificance level of 0.05. All analyses were
performed using IBM SPSS software (version
19.0; IBM Corp., Armonk, NY).

RESULTS

Between 2003 and 2008, 52 patients with
mCRPC considered docetaxel sensitive without
experiencing disease progression after first-line
DOC underwent at least one DOC retreatment.

Patient’s characteristics at baseline are out-
lined in the Table 1.

The total number of retreatments was 91,
with 688 cycles in 143 series (2 series: 28
patients, 3 series: 14 patients, 4 series: 8
patients, 5 series: 1 patient, 8 series: 1 patient).
The median overall number of cycles per
patient was 12 (range: 7–31). The median
durations of the first, second, and third holidays
were 18 weeks (range: 6–60 weeks), 16 weeks
(range: 3–44 weeks), and 17 weeks (range: 8–-
51 weeks), respectively.

All 52 patients died, with 49 patients dying
because of the prostate cancer and 3 dying
because of other causes. The median survival
times were 85 weeks (range: 42–280 weeks) after
the baseline DOC treatment and 54 weeks
(range: 12–260 weeks) from the start of the first
retreatment (second series). Thirty-three
patients (63.4%) developed progression during
the DOC chemotherapy based on the RECIST
criteria, with a median latency of 54 weeks
(range: 33–187 months). The median progres-
sion-free survival time was 65 weeks (range:
33–230 weeks). The biochemical response rate
(a PSA decline of C 50%) was detected in 44 of
the 91 retreatments (48%) (Fig. 1).

3834 Adv Ther (2021) 38:3831–3841



Associations Between the Patients’
Baseline Characteristics and OS

Table 2 shows the associations of OS with vari-
ous baseline characteristics, including age, pri-
mary local therapy (external beam
radiotherapy, radical prostatectomy, or lym-
phadenectomy), ECOG performance status,
presence of bone metastasis with or without
lymph node metastasis, and the number of
bone metastases at baseline (before the first
DOC series). However, only the presence of[6
bone metastases was significantly associated

with a poor prognosis (p = 0.022). Treatment
holidays that were\3 months were associated
with shorter OS (p = 0.011). No association was
observed when the cut-off value was extended
to 6 months (p = 0.86).

Associations Between PSA Levels Before
DOC Retreatment and OS

A poor prognosis was significantly associated
with PSA levels at the start of each series
(p = 0.011) and the absolute PSA nadir during
DOC therapy (p = 0.003). Shorter OS was

Fig. 1 Waterfall plots of (a) the maximal PSA decline and
(b) the PSA decline at 12 weeks compared to the baseline
levels for all 52 patients (91 DOC retreatments).

Retreatments for the same patient are indicated in the
same color (e.g., the last patient had 7 DOC treatments,
which are indicated in red)
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significantly associated with high PSA levels at
12 weeks after the last therapy cycle (p = 0.003)
(Table 3).

Associations Between PSA Kinetics and OS

The PSA kinetic variables were evaluated for the
91 DOC retreatments, with survival defined as
the interval between the start of a given series
and the patient’s death. The maximum PSA
declines in each series were calculated (median:
49.6 ng/ml, range: - 94 to 52 ng/ml) and were
associated with OS if the maximum decline was
treated as a continuous variable (p = 0.001)
(Table 3). Similarly, high PSA declines at
12 weeks after the last therapy cycle were asso-
ciated with shorter OS (p = 0.003). In contrast,
relative PSA declines ([ 30% or[50% of the
baseline PSA levels) did not significantly predict
OS (p = 0.07 and p = 0.37, respectively). A high
PSA doubling time and low PSA velocity during
the previous treatment holiday (as continuous
variables) were associated with a favorable
prognosis (p = 0.019 and p = 0.006,
respectively).

In 44 of the 91 retreatments (48%), type I
PSA progression was noted during the DOC
therapy and was associated with reduced OS
(p = 0.001) (Fig. 2). Type II PSA progression was
observed in 50 of 52 patients. As this type of PSA

progression is not necessarily related to the
treatment series, we categorized the cases
according to whether the type II progression
occurred during a treatment series or holiday.
PSA type II progression during the previous
treatment holiday was associated with shorter
OS (p = 0.001), but not when it occurred during
DOC therapy (p = 0.43). Type III PSA progres-
sion was associated with poor OS (p = 0.020).
PSA progression at 12 weeks was marginally
associated with DOC resistance (p = 0.08).

When all PSA-related variables with predic-
tive value in the univariable analyses were
included in the multivariable analysis, the
strongest independent predictor of OS was the
occurrence of type I PSA progression (hazard
ratio: 3.202, 95% confidence interval:
1.466–6.991, p = 0.003) (Table 3).

DISCUSSION

Before the introduction of novel life-prolonging
agents, several studies demonstrated that DOC
retreatments were feasible and active for
patients who responded to first-line DOC
[2–7, 16–19]. Similar to our results, Eymard et al.
reported a PSA response rate of[50% after
DOC re-challenge among 24 of 50 patients
(48%), with a median OS of 16 months from the

Table 2 Associations of baseline characteristics with patient survival

Cox univariable analysis

HR 95% CI p

Age ([ 68 years) 0.909 0.521–1.585 0.736

Primary local treatment (HIFU or RPE) 0.926 0.533–1.610 0.786

Former lymphadenctomy 0.680 0.380–1.219 0.196

ECOG (0 vs. 1–2) 1524 0.858–2.707 0.151

Bone disease with nodal disease and no visceral spread 1756 0.828–3.721 0.142

Bone disease w/o nodal disease and no visceral spread 1084 0.583–2.015 0.798

Presence of lymph node metastases[ 2 cm 0.842 0.429–1.653 0.617

Presence of bone metastases 2187 0.766–6.249 0.144

More than 6 bone lesions 2181 1.119–4.251 0.022
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Table 3 Associations of PSA-based parameters with patient survival

Cox univariable analysis Cox multivariable analysis

HR 95% CI p HR 95% CI p

PSA at start of the series Cont. 1000 1.000–1.000 0.293

PSA at start of the series Categ. 1757 1.137–2.715 0.011 1002 0.425–2.363 0.997

PSA nadir in the given series Cont. 1000 1.000- 1.000 0.540

PSA nadir in the given series Categ. 1940 1.254–3.000 0.003 1247 0.395–3.934 0.706

PSA at 12 weeks Cont. 1000 1.000–1.000 0.885

PSA at 12 weeks Categ. 2048 1.325–3.166 0.001 1917 0.493–7.453 0.347

PSA decline ([ 50%) in the

given series

Categ. 0.827 0.545–1.255 0.373

PSA decline ([ 30%) in the

given series

Categ. 0.644 0.400–1.039 0.071

Absolute PSA decline in the

given series

Cont. 1003 1.001–1.004 0.001 1002 1.000–1.004 0.038

Absolute PSA decline in the

given series

Categ. 1297 0.828–2.033 0.256

PSA decline at 12 weeks Cont. 1004 1.000–1.008 0.081

PSA decline at 12 weeks Categ. 1956 1.252–3.054 0.003 0.857 0.397–1.849 0.693

PSA at baseline/PSA at

12 weeks (ratio)

Cont. 1493 0.962–2.317 0.074

PSA at baseline/PSA at

12 weeks (ratio)\ 25%

Categ. 1666 0.927–2.996 0.088

PSADT in previous holiday Cont. 1002 0.974–1.031 0.880

PSADT in previous holiday Categ. 0.606 0.398–0.922 0.019 0.189 0.012–3.051 0.240

PSA velocity in previous

holiday

Cont. 6.35 9 104 1.195–3.37 9 109 0.046 2.39 9 103 0.00–3.23 9 109 0.513

PSA velocity in previous

holiday

Categ. 1803 1.181–2.754 0.006 0.264 0.016–4.291 0.349

Type I PSA progr. in the given

series

Categ. 4398 2.689–7.195 0.001 3202 1.466–6.991 0.003

Type II PSA progr. in previous

holiday

Categ. 2697 1.489–4.885 0.001 1466 0.639–3.362 0.367

Type II PSA progr. in a given

series

Categ. 0.727 0.328–1.612 0.433

Type II PSA progr. in prev.hol.

or in the givens series

Categ. 1416 0.806–2.486 0.226

Adv Ther (2021) 38:3831–3841 3837



DOC reinduction [2]. Loriot and colleagues
showed in a retrospective series of 39 mCRPC
patients that a treatment-free inter-
val[ 3 months between the first docetaxel-se-
quence and rechallenge is predictive for an
improved OS [3]. These results go along with
the data from Oudard et al. who found a med-
ian OS of 20.4 months for patients with an ini-
tial response of 6 months versus 17.1 months
for patients with an initial response of 3–-
6 months and 15.7 months for the patients with
an initial response\3 months [16].

Caffo et al. examined 46 patients who
underwent DOC rechallenge and detected a

high PSA response rate (66%) and prolonged OS
(32 months from the first-line DOC treatment)
[5]. In that study, a treatment holiday duration
of C 23 weeks and PSA doubling time during
the previous DOC course were predictors of a
rechallenge response [5]. However, only 26 of
the 46 patients had died at the time of the data
analysis compared to all patients in the present
study. Previous studies have indicated that PSA
progression at 12 weeks and a\30% PSA
decline were predictors of poor OS after first-line
DOC treatment of CRPC [20–23]. However, the
present study only revealed marginal associa-
tions of both PSA changes with shorter OS
(p = 0.08 and p = 0.07, respectively), which
suggests that predictors from first-line DOC
therapy only have modest predictive value
during DOC retreatments. Heck et al. have
concluded that a PSA decline of\50% during
first-line DOC therapy might predict the effec-
tiveness of second-line DOC treatment [7].
Although we only examined patients who
exhibited a biochemical response (a[ 50% PSA
decline) to first-line DOC therapy, we analyzed
the predictive value of a[50% PSA decline in
the retreatment series and found no association
with survival. This finding challenges Heck
et al.’s assertion that PSA decline is a universal
predictive factor during DOC retreatment. In
the present study, the strongest predictor of
DOC failure based on OS was type I PSA pro-
gression (according to the PCWG II criteria).
Thus, a PSA increase of C 25% from the nadir
may be useful for identifying the optimal time
to switch from DOC retreatment to another life-
prolonging agent. Our patients had received
DOC monotherapy without prednisone, while
practically all studies of mCRPC have evaluated
chemotherapy with concurrent daily

Fig. 2 Kaplan-Meier estimates of overall survival accord-
ing to the occurrence of type I PSA progression during the
retreatment series

Table 3 continued

Cox univariable analysis Cox multivariable analysis

HR 95% CI p HR 95% CI p

Type III PSA progr. in a given

series

Categ. 1795 1.096–2.940 0.020 0.591 0.258–1.352 0.231

PSA prostate-specific antigen, categ. categorical variable, cont. continuous variable
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corticosterone [1]. However, the clinical effec-
tiveness of prednisone plus DOC remains
unclear. For example, a phase III trial of
mitoxantrone/prednisone compared to daily
prednisone alone detected a[50% PSA decline
in 24% of patients, with a progression-free sur-
vival of 4.1 months in the prednisone group
[24].

Furthermore, data from the CHAARTED
phase III trial (6 cycles of DOC every 3 weeks
without corticosteroids for metastatic castra-
tion-naive prostate cancer) revealed a signifi-
cant survival benefit in patients with high-
volume tumors [13]. Thus, the efficacy of add-
ing prednisone to DOC treatment remains
unclear. Interestingly, Teply et al. from Johns
Hopkins reported retrospective data comparing
DOC with and without prednisone for mCRPC.
In that study, prednisone was associated with a
reduced risk of progression, but not if previous
prednisone-containing regimens had been
administered (e.g., abiraterone) [25]. That find-
ing appears to validate our use of DOC without
prednisone. In addition, prednisone may acti-
vate androgen receptors and drive the growth of
prostate cancer in addition to other mutations
that can allow glucocorticoids to activate
androgen receptors [26, 27].

Nevertheless, a retrospective study by
Oudard et al. found no difference in OS between
patients who were rechallenged to docetaxel
and patients who received non-taxane based
therapy, but improved PSA response and
symptom relief were associated with docetaxel
rechallenge. Despite the development of novel
approved therapies in the post-docetaxel set-
ting, some patients may still be candidates for
retreatment with docetaxel, but the docetaxel-
associated cumulative toxicities have to be
carefully considered [16].

There are some limitations using PSA as a
therapy monitoring marker. First, some prostate
cancers (e.g., the neuroendocrine type) may
produce less PSA, which can lead to low PSA
levels in highly malignant prostate cancers.
Second, there is a known phenomenon that
involves an initial PSA elevation above the
baseline, followed by a PSA decline, which can
occur in up to 10% of patients who receive
hormonal or chemotherapy, although this flare-

up does not affect survival [23]. In addition,
therapy response (based on OS) is associated
with the length of the progression-free period
after the completion of first-line DOC therapy
[4, 5, 7].

Moreover, Thomas et al. revealed that partial
PSA response at docetaxel rechallenge and
treatment interval[ 3 months were the only
independent predictive factors for OS [6].

In that context, an interval of[ 3 months
after the last DOC course was associated with
prolonged OS, and our data also confirm the
predictive value of progression-free survival
during DOC retreatment. Another limitation of
the study besides the retrospective design is the
lack of quality of life data. However, at least
none of the patients in this real-world clinical
setting discontinued docetaxel rechallenge
because of side effects.

CONCLUSIONS

Multiple DOC retreatments without prednisone
had sustained activity in select patients with
mCRPC. Thus, this approach may be a reason-
able treatment option for patients who com-
plete first-line DOC treatment. Type I PSA
progression (a PSA increase of C 25% from the
nadir) had the greatest ability to predict OS,
which may facilitate the identification of
patients who are most likely to benefit from
non-DOC second-line therapies.
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