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Abstract
Background Enzalutamide can significantly prolong the survival of patients with metastatic castration-resistant prostate
cancer (mCRPC). However, there is a paucity of evidence on continuing androgen-deprivation therapy (ADT) for mCRPC.
Here, we analyzed the effect of concomitant ADT during enzalutamide treatment in men with mCRPC following
chemotherapy.
Methods We retrospectively reviewed the medical records of 232 patients with mCRPC who received oral enzalutamide
(160 mg per day) following chemotherapy at 9 tertiary centers in Korea between 2014 and 2016. The primary endpoint was
overall survival, while secondary endpoints included time to prostate-specific antigen (PSA) progression and radiographic
progression-free survival.
Results The median age of the patients was 71 years (interquartile range, 64–75 years). The proportion of patients in a grade
group ≥4 was 77.6%. The rate of concomitant ADT was 29.3%, and the all-cause mortality rate was 27.1% (n= 63). Median
overall survival, time to PSA progression, and radiographic progression-free survival were 24.0, 8.0, and 10.0 months,
respectively. Notably, concomitant ADT showed a significant association with longer overall survival (median duration not
reached vs. 18.2 months; p= 0.008). After adjusting for confounding factors, concomitant ADT was still associated with
longer overall survival (hazard ratio, 0.35; 95% confidence interval, 0.17–0.72).
Conclusion Concomitant ADT during enzalutamide treatment may improve the survival of patients with mCRPC following
chemotherapy.
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Introduction

Enzalutamide is an androgen receptor signaling inhibitor
that can block androgen binding to androgen receptors,
nuclear translocation of the hormone–androgen receptor
complex, and DNA binding [1]. It is well documented that
enzalutamide can improve the prognosis of patients with
metastatic castration-resistant prostate cancer (mCRPC)
who maintain androgen-deprivation therapy (ADT) [2, 3].

Prostate cancer is the second most common cancer
among men worldwide. The highest incidence rates are
found in Northern America, Northern and Western Europe,
and Australia [4]. Asia has the lowest incidence and mor-
tality rates [4]. These differences may result from lower
rates of prostate-specific antigen (PSA) screening, as well as
differences in genetic susceptibility [5]. In Korea, prostate
cancer is the fourth most common malignancy in men. The
incidence rate has been increasing annually from 1999 to
2012 and the mean annual rate of increase was shown to be
as high as 11.6% per year [6].

Initially, we aimed to evaluate the clinical outcomes of
enzalutamide treatment in men with mCRPC following
failure of docetaxel chemotherapy using Korean, multi-
center, real practice data. We focused on the differences in
the clinicopathologic characteristics and practice patterns
with Western countries based on the AFFIRM trial [3].
Notably, we highlighted concomitant ADT during enzalu-
tamide treatment. The Korean Government prohibited
continuing ADT for mCRPC due to a paucity of evidence.
However, some clinicians prescribe luteinizing hormone-
releasing hormone (LHRH) agonists as arbitrary uninsured
items, avoiding the eyes of the Government authority. Thus,
we could have a unique data set that can evaluate the effect
of concomitant ADT during enzalutamide treatment for
mCRPC following docetaxel chemotherapy.

Patients and methods

Patient population

After approval from the institutional review board (H-1604-
099-755), we retrospectively reviewed the medical records
of 232 patients with mCRPC who received oral enzaluta-
mide at an initial dose of 160 mg per day following doc-
etaxel chemotherapy at nine tertiary centers in Korea
between 2014 and 2016. Inclusion criteria were histologi-
cally confirmed prostate adenocarcinoma and previous use
of docetaxel chemotherapy. Exclusion criteria were metas-
tases in the brain or active epidural disease (patients with
treated epidural disease were allowed). Cases of enzaluta-
mide use in clinical trials or combined use with other active
drugs were excluded. Unlike the AFFIRM trial, strict

eligibility criteria were not applied to reflect a real clinical
situation. Of course, it was not necessary to maintain sur-
gical or medical castration.

Study endpoints

We used similar study endpoints with their definitions
modified to reflect a real clinical situation. The primary
endpoint was overall survival, which was defined as the
time from the start of enzalutamide treatment to death from
any cause. Secondary endpoints included PSA response,
time to PSA progression, radiographic progression-free
survival, time to first skeletal-related event, and adverse
events. We followed the guidelines of the Prostate Cancer
Clinical Trials Working Group 2, Response Evaluation
Criteria In Solid Tumors version 1.1 (RECIST 1.1), and
protocol of the AFFIRM trial for the definitions of the
endpoints [3, 7, 8]. Adverse events were evaluated
according to the Common Terminology Criteria for Adverse
Events version 4.03. For patients with a decreased PSA
level at week 13, the PSA progression date was defined as
the date at which a ≥25% increase and absolute increase of
≥2 ng/mL above the nadir was documented, which was
confirmed by a second consecutive value. For patients
without a decreased PSA level at week 13, the progression
date was defined as the date at which a ≥25% increase and
absolute increase of ≥2 ng/mL above the baseline was
documented, which was confirmed by a second consecutive
value. Radiographic progression-free survival was defined
as the time to the earliest objective evidence of radiographic
progression or death. Radiographic progression was defined
by RECIST 1.1 for soft tissue disease or the appearance of
≥2 new lesions on a bone scan. A skeletal-related event was
defined as radiation therapy or surgery to bone, pathologic
bone fracture, spinal cord compression, or change in anti-
neoplastic therapy to treat bone pain.

Data collection and statistical analysis

Study data were collected online using the Research Elec-
tronic Data Capture (REDCap) program hosted in the
Department of Urology at Seoul National University Hos-
pital. REDCap is a secure, web-based application designed
to support data capture for research studies [9].

A summary of the PSA responses was presented as the
rate of patients with a ≥50% or ≥90% reduction from
baseline to nadir, respectively. This was also visualized
using a waterfall plot. Time-to-event results, including the
primary endpoint, were presented as Kaplan–Meier curves
and assessed using the log-rank test. Univariate Cox pro-
portional hazard analyses for overall survival were per-
formed based on concomitant ADT (no vs. yes), age (<65
vs. ≥65 years), European Cooperative Oncology Group
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(ECOG) performance status (0–1 vs. ≥2), the International
Society of Urological Pathology (ISUP) grade group (≤3 vs.
≥4), baseline PSA level (≤median vs. >median), prior
radical prostatectomy (no vs. yes), prior radiation therapy
(no vs. yes), number of previous hormone treatments (≤2 vs.
>2), type of progression at entry (PSA progression only vs.
radiographic progression with or without PSA progression),
number of bone lesions (≤20 vs. >20), visceral (liver or
lung) metastases (no vs. yes), baseline lactate dehy-
drogenase level (≤median vs. >median), baseline hemo-
globin level (≤median vs. >median), number of prior
chemotherapy regimens (1 vs. ≥2), prior estramustine use
(no vs. yes), prior mitoxantrone use (no vs. yes), and prior
abiraterone use (no vs. yes). Age, ECOG performance sta-
tus, ISUP grade group, baseline PSA level, and other
variables with p < 0.1 in univariate analyses were entered
into a multivariable Cox proportional hazard analysis.
Adverse events were described as the rate of all grade or
grade ≥3 events.

Results

Baseline characteristics of the patient population according
to concomitant androgen-deprivation therapy are described
in Table 1. Rate of concomitant ADT was 29.3% (68/232).
Of these, 14 patients (20.6%) had prior orchiectomy and 53
patients (77.9%) were concomitantly treated with an LHRH
agonist. The type of concomitant ADT for 1 patient could
not be reported. Baseline characteristics were almost com-
parable between two groups. However, the rate of prior
radical prostatectomy (30.9 vs. 15.9%, p= 0.010) and prior
abiraterone treatment (23.5 vs. 11.6%, p= 0.021) were
higher in the concomitant ADT group compared with the
other patients. The rate of high volume bone disease
(defined here as >20 bone lesions) was increased in the
patients with concomitant ADT (35.9% vs. 11.9%, p <
0.001). The median follow-up duration was 8.8 months in
the total population. PSA progression, radiographic pro-
gression, and first skeletal-related events were observed in
128 (55.2%), 104 (44.8%), and 20 (8.6%) patients,
respectively. The all-cause mortality rate was 27.2% (n=
63) and median overall survival was 24.0 months. Fig. 1
shows the Kaplan–Meier curves for overall survival, time to
PSA progression, radiographic progression-free survival,
and time to first skeletal-related event in the total study
population. Univariate and multivariable Cox proportional
hazard analyses for overall survival are summarized in
Table 2. Notably, concomitant ADT was significantly
associated with longer overall survival in the univariate
analysis (hazard ratio [HR], 0.45; 95% confidence interval
[CI], 0.25–0.83). After adjusting for confounding factors,
concomitant ADT (HR, 0.35; 95% CI, 0.17–0.72), age,

ECOG performance status, number of chemotherapy regi-
mens, and prior abiraterone therapy were associated with
overall survival (Table 2). Fig. 2 shows the Kaplan–Meier
curves for overall survival, time to PSA progression, and
radiographic progression-free survival according to con-
comitant ADT. Overall survival was significantly different
based on concomitant ADT (median duration not reached
vs. 18.2 months; p= 0.008). A waterfall plot of PSA
changes stratified by concomitant ADT is presented Fig. 3.
Adverse events are summarized in Table 3. We recorded no
instances of cardiac disorder or seizure. A total of 40
patients (17.2%) received at least one systemic anti-
neoplastic treatment after enzalutamide (Table 4). The rates
of patients who received subsequent systemic treatment
were not different regardless of concurrent ADT (15.9% no
ADT vs. 17.6% ADT, p= 0.737).

Discussion

There is no concrete evidence supporting the maintenance
of ADT for CRPC. A phase II trial conducted prior to the
docetaxel era showed that hormone sensitivity can be
reintroduced by stopping ADT during chemotherapy for
CRPC [10]. Taylor et al. reported a retrospective study
showing a significant marginal survival benefit for patients
continuing with LHRH agonist treatment during anthracy-
cline, platinum, or ketoconazole treatment for mCRPC [11].
However, conflicting results also exist. An analysis of five
Southwest Oncology Group phase II chemotherapy trials
conducted in the 1990s failed to show an obvious advantage
of continued ADT in terms of response to cytotoxic che-
motherapy or overall survival in patients with CRPC [12].
In the docetaxel era, another retrospective study of 78
patients also failed to show a survival benefit of concurrent
ADT in patients with CRPC [13]. However, this could be an
underpowered study due to the small number of patients. A
PSA response (≥50% reduction) was achieved in 48.7% of
the no ADT group vs. 66.7% of the ADT group; however,
this was not statistically significant (p= 0.27) due to the
small number of cases. Further, serum testosterone levels
did not recover to noncastrated levels in most patients after
ADT withdrawal for the entire duration of chemotherapy.
This phenomenon was similarly observed in men with
hormone-sensitive prostate cancer, in which approximately
half of patients who received ADT in the long term
remained castrated at 2.5 years after ADT cessation [14].

Meanwhile, the hypersensitivity of androgen receptor
and maintenance of intratumoral androgens, even in cas-
tration, by different mechanisms may play a significant role
in the development of CRPC [15]. Thus, the current concept
of CRPC does not necessarily mean a failure of ADT;
however, more complete androgen blockage may be
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Table 1 Baseline characteristics of the patient population according to concomitant androgen-deprivation therapy

Variables Total (N= 232,
100%)

ADT (N= 68,
29.3%)

No ADT (N= 164,
70.7%)

p-Value

Age, years [median, interquartile
range (IQR)]

71 (64–75) 70.5 (63–77) 71.5 (64–75) 0.833

ECOG performance status (N, %)

0–1 176 (77.5) 48 (70.6) 128 (80.5) 0.101

≥2 51 (22.5) 20 (29.4) 31 (19.5)

Missing 5/232 0/68 5/164

Prior radical prostatectomy (N, %) 47 (20.3) 21 (30.9) 26 (15.9) 0.010

Prior radiation therapy (N, %) 92 (39.7) 28 (41.2) 64 (39.0) 0.760

No. of prior hormone treatments
(N, %)

0.226

≤2 198 (85.3) 61 (89.7) 137 (83.5)

≥3 34 (14.7) 7 (10.3) 27 (16.5)

No. of prior chemotherapy regimen
(N, %)

0.479

1 207 (90.4) 62 (92.5) 145 (89.5)

≥2 22 (9.6) 5 (7.5) 17 (10.5)

Missing 3/232 1/68 2/164

Previous docetaxel cycles (N, %) 0.143

≤6 132 (58.1) 34 (50.7)) 98 (61.3)

>6 95 (41.9) 33 (49.3) 62 (38.8)

Missing 5/232 1/68 4/164

Prior estramustine (N, %) 39 (17.0) 7 (10.4) 32 (19.8) 0.088

Missing 3/232 1/68 2/164

Prior mitoxantrone (N, %) 17 (7.4) 4 (5.9) 13 (8.0) 0.579

Missing 1/232 0/68 1/164

Prior abiraterone (N, %) 35 (15.1) 16 (23.5) 19 (11.6) 0.021

Progression type at study entry
(N, %)

0.817

PSA progression only 36 (15.8) 10 (14.9) 26 (16.1)

Radiographic progression ± PSA
progression

192 (84.2) 57 (85.1) 135 (83.9)

Missing 4/232 1/68 3/164

Bone metastases lesions (N, %) <0.001

≤20 167 (80.7) 41 (64.7) 126 (88.1)

>20 40 (19.3) 23 (35.9) 17 (11.9)

Missing 25/232 4/68 21/164

Lymph node metastases (N, %) 134 (58.0) 42 (62.7) 92 (56.1) 0.357

Missing 1/232 1/68 0/164

Visceral metastasis (N, %) 49 (21.1) 15 (22.1) 34 (20.7) 0.822

Baseline PSA level, ng/mL
(median, IQR)

69.9 (17.5–
253.4)

45.4 (12.4–
340.0)

71.2 (24.8–307.0) 0.085

Baseline LDH level, U/mL (median,
IQR)

375.0 (208.3–
472.0)

216.5 (158.5–
684.5)

393.0 (234.0–
462.0)

0.141

Baseline hemoglobin level, g/dL
(median, IQR)

11.9 (10.5–13.0) 11.9 (10.7–13.0) 11.9 (10.3–13.0) 0.869

ISUP grade group (N, %) 0.875

≤3 47 (22.4) 13(21.7) 34 (22.7)

≥4 163 (77.6) 47 (78.3) 116 (77.3)
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required. Lower testosterone levels are associated with
improved survival in hormone-sensitive metastatic prostate
cancer when compared with the testosterone levels of <20,
20–50, and >50 ng/dL [16]. Two recent phase 3 trials have
demonstrated that adding abiraterone acetate and pre-
dnisolone to ADT is associated with significantly better
oncologic outcomes, including overall survival, compared
with ADT alone, in men with hormone-sensitive metastatic
prostate cancer [17, 18]. Abiraterone acetate is a selective
CYP17 inhibitor that blocks androgen biosynthesis within

the adrenal glands, testes, and tumor microenvironment.
Abiraterone acetate in combination with ADT results in
more effective androgen depletion than can be induced by
conventional ADT alone, which is well documented in
patients with CRPC [19]. Serum testosterone was already at
castration levels (median, 7 ng/dL) in all patients; however,
it rapidly dropped to undetectable levels (<1 ng/dL) within
8 days after administration of abiraterone acetate [19].

There is a possibility that similar trends may exist in
mCRPC. The European Association of Urology (EAU)

Table 1 (continued)

Variables Total (N= 232,
100%)

ADT (N= 68,
29.3%)

No ADT (N= 164,
70.7%)

p-Value

Missing 22/232 8/68 14/164

PSA responsiveness (N, %)

≥50% of reduction 122 (59.5) 32 (50.0) 90 (63.8) 0.062

≥90% of reduction 56 (27.3) 15 (23.4) 41 (29.1) 0.401

Missing 27/232 4/68 23/164

ADT androgen-deprivation therapy, ISUP the International Society of Urological Pathology

Fig. 1 Kaplan–Meier survival
estimates for (a) overall
survival, (b) time to prostate-
specific antigen (PSA)
progression, (c) radiographic
progression-free survival, and
(d) time to first skeletal-related
event in the total study
population
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Table 2 Univariate and multivariable Cox proportional hazard analyses for overall survival

Variables Univariate Multivariable

HR 95% CI p-Value HR 95% CI p-Value

Age (year)

<65 Reference Reference

≥65 0.84 0.49–1.43 0.513 0.47 0.24–0.92 0.027

ECOG performance score

0–1 Reference Reference

≥2 2.54 1.48–4.35 0.001 2.31 1.14–4.68 0.020

Prior radical prostatectomy

No Reference

Yes 0.77 0.42–1.43 0.411

Prior radiation therapy

No Reference

Yes 0.97 0.58–1.60 0.893

No. of hormonal treatments

≤2 Reference

≥3 1.51 0.77–2.98 0.257

No. of chemotherapy regimen

1 Reference Reference

≥2 1.79 0.97–3.32 0.063 2.41 1.07–5.41 0.034

Previous docetaxel cycles

≤6 Reference Reference

>6 0.52 0.30–0.90 0.019 0.63 0.32–1.22 0.168

Prior estramustine

No Reference

Yes 1.21 0.65–2.28 0.546

Prior mitoxantrone

No Reference

Yes 1.05 0.85–1.29 0.656

Prior abiraterone

No Reference Reference

Yes 2.50 1.39–4.50 0.002 3.41 1.59–7.32 0.002

Progression type at study entry

PSA progression only Reference

Radiographic progression ± PSA
progression

1.81 0.82–3.99 0.140

Bone metastasis lesions

≤20 Reference

>20 1.85 1.03–3.31 0.039

Visceral metastasis

No Reference

Yes 1.35 0.76–2.38 0.308

Baseline PSA level

≤Median Reference Reference

>Median 1.37 0.84–2.26 0.211 0.81 0.43–1.53 0.520

Baseline LDH level

≤Median Reference

>Median 0.82 0.31–2.17 0.690

Baseline hemoglobin level

≤Median Reference

>Median 0.69 0.42–1.14 0.145

ISUP grade group

≤3 Reference Reference

≥4 1.46 0.77–2.77 0.244 1.25 0.55–2.81 0.596

Concomitant ADT

No Reference Reference

Yes 0.45 0.25–0.83 0.010 0.35 0.17–0.72 0.005

ECOG European Cooperative Oncology Group, PSA: prostate-specific antigen, LDH: lactate dehydrogenase, ISUP: the International Society of
Urological Pathology, ADT: androgen-deprivation therapy
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guideline determined that even in the absence of prospective
data, the marginal potential benefits of continuing ADT
outweigh the minimal risk of treatment in patients with
CRPC [20]. In addition, all subsequent new agents,
including enzalutamide, abiraterone, sipuleucel-T, and
cabazitaxel, have been studied in men with castration levels
of testosterone [2, 3, 21–24]; therefore, the EAU guideline
recommends that ADT should be continued indefinitely in
these patients.

Several clinical trials are ongoing to address this
important issue. A German multicenter, phase II trial,
SPARE (AP 67/11 of the Association of Urogenital
Oncology), is evaluating abiraterone acetate with an LHRH
agonist vs. abiraterone acetate alone in patients with pro-
gressive chemotherapy-naive CRPC [25]. The researchers
who reported the aforementioned retrospective study [13]
are now conducting a prospective clinical trial comparing
docetaxel alone vs. docetaxel with leuprolide in patients
with CRPC (NCT01487902). Another Italian multicenter
trial is ongoing to compare ADT withdrawal vs. main-
tenance and intermittent chemotherapy vs. continuous
treatment in patients with CRPC (NCT01224405). The
results of these trials are eagerly awaited. However, there is
no ongoing clinical trial assessing continuing ADT during
enzalutamide treatment. Thus, our data are very unique and
provide important indirect evidence supporting concurrent
ADT during enzalutamide treatment for mCRPC. There
were no differences in the baseline characteristics between
concomitant ADT and no ADT groups; however, rates of
prior radical prostatectomy and abiraterone treatment were
higher in concomitant ADT group. Furthermore, patients
with bone metastasis, >20 lesions were much more frequent
in the concomitant ADT group compared with the no ADT
group (35.9% vs. 11.9%, p < 0.001). Despite this aggressive
poor condition, patients who underwent concomitant ADT
lived longer than those who did not. However, we did not

observe any benefit in PSA or radiographic progression-free
survivals. Currently, PSA or traditional radiographic pro-
gressions are not regarded as a good surrogate marker for
overall survival in mCRPC, and they may not discourage
the continuation of treatment [26]. However, the inter-
pretation of survival benefit in the absence of PSA and
radiographic progression-free survival benefits remains
uncertain. To the best of our knowledge, this is the first
report addressing the role of continuing ADT during treat-
ment with new agents approved after docetaxel, including
enzalutamide. Based on several pieces of evidence,
including our results, continuing ADT should be deemed as
a backbone therapy even after progressing to CRPC. In
addition, the concurrent use of an LHRH agonist was offi-
cially approved by the Korean Government in February
2017.

The patients in this study have some distinctive char-
acteristics compared with the AFFIRM trial. Our patients
had a higher proportion of ECOG performance status ≥2
(22.5% vs. 8.8%). This may be because the present data
were obtained from real clinical practice and not a clinical
trial. In addition, our study obtained more patients with a
ISUP grade group ≥4 at initial diagnosis (77.6% vs. 50.4%).
This trend coincides with the PREVAIL trial: rates of
patients with a ISUP grade group ≥4 were 81.1% and 50.6%
in patients receiving enzalutamide in the overall population
and Korean subgroup, respectively [27]. Our study had
fewer patients who underwent prior radical prostatectomy
or radiation therapy (20.3% and 39.7% vs. 34.6% and
71.4%, respectively). Most patients in our study received
docetaxel as their only prior chemotherapy regimen (90.4%
vs. 72.4%), in contrast with the considerable number of
patients (17.0%) previously treated with estramustine. Fur-
thermore, the proportion of patients who received sub-
sequent antineoplastic therapy in our study was lower than
in the enzalutamide arm of the AFFIRM trial (17.2% vs.

Fig. 2 Kaplan–Meier survival estimates for (a) overall survival, (b) time to prostate-specific antigen (PSA) progression, and (c) radiographic
progression-free survival according to concomitant androgen-deprivation therapy

156 C. W. Jeong et al.



42.0%). PSA response was similar to rates in the AFFIRM
trial; however, our study cohort showed longer overall
survival despite a similar time to PSA progression and
radiographic progression-free survival. In addition, rates of
adverse events in this study were low compared with those
in the AFFIRM trial, regardless of grade. We consider this

to be a bias of a retrospective study, which would be a
major limitation of the current study. Some missing values
are another weakness of the data. The lack of centralized
pathologic review, laboratory tests, and clinical protocol are
also limitations.

Despite several limitations, the present study also has
advantages. For example, it analyzed real-world data from
multiple institutions. Furthermore, the primary endpoint
was overall survival, which is relatively objective and less
confounding, even in a retrospective study. In particular,
our study provides a unique data set that can evaluate the
outcome of concomitant ADT during enzalutamide treat-
ment in men with mCRPC following docetaxel che-
motherapy because of past regulatory problems in Korea.

In conclusion, enzalutamide is effective and safe in
Korean men with mCRPC following chemotherapy in real
clinical practice. Furthermore, concomitant ADT during
enzalutamide treatment may improve the survival of these
patients. Therefore, ADT should not be overlooked by
practitioners during enzalutamide treatment for mCRPC
following chemotherapy.

Fig. 3 A waterfall plot of PSA response stratified by concomitant androgen-deprivation therapy

Table 3 Summary of adverse events

General information N, %

Any adverse events (AE) 84 (39.6)

Missing 20/232

Any serious AE 5 (2.3)

Missing 18/232

Any drug-related AE (N, %) 34 (15.3)

Missing 10/232

Grade ≥ 3 drug-related AE (N, %) 2 (0.9)

Missing 8/232

Discontinuation due to AE 9 (4.2)

Missing 17/232

Detailed informationa Total/≥Grade 3

Decreased appetite 18 (7.8)/1 (0.4)

Fatigue 15 (6.5)/2 (0.9)

Musculoskeletal pain 15 (6.5)/3 (1.3)

Back pain 15 (6.5)/0 (0)

Nausea 10 (4.3)/3 (1.3)

Peripheral edema 6 (2.6)/0 (0)

Vomiting 6 (2.6)/1 (0.4)

Arthralgia 5 (2.2)/0 (0)

Diarrhea 3 (1.3)/0 (0)

Headache 2 (0.9)/0 (0)

Hypertension 2 (0.9)/0 (0)

Upper respiratory tract infection 1 (0.4)/0 (0)

aAll described adverse events were grade 1–3 based on reported cases

Table 4 Subsequent systemic treatment following enzalutamide

Type of treatment N (%)

Any systemic treatment 40 (17.2)

Abiraterone 18 (7.8)

Mitoxantrone 15 (6.5)

Docetaxel re-challenge 6 (2.6)

Cabazitaxel 5 (2.2)

Estramustine 8 (3.4)

Radium 223 dichloride 1 (0.4)

Additional androgen deprivation only 3 (1.3)

Note: Duplicated count was allowed
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