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Background: The steroidal metabolism of abiraterone has been proposed to be involved in abiraterone
resistance and limited approaches are available for abiraterone-resistant patients. Dutasteride regulates
abiraterone metabolism in patients and might enhance the clinical efficacy of abiraterone. However, the
function of dutasteride to overcome abiraterone resistance has not been investigated in clinic. Here we
investigated the clinical efficacy and limitations of dutasteride in patients with abiraterone-resistant prostate
cancer.

Methods: Abiraterone-resistant patients with metastatic castration-resistant prostate cancer (mnCRPC) were
enrolled in this single-arm, open-label study, patients were treated with dutasteride (0.5 mg/day), abiraterone
(1,000 mg/day), and prednisone (5 mg twice daily), prostate-specific antigen (PSA) was tested monthly. The
primary objective was PSA response, and the secondary objectives were to assess symptom relief and safety.
Kaplan-Meier analysis was used to assess the PSA progression free survival (PSA-PFES) of patients.

Results: Twenty-two patients (median age: 75 years) were enrolled, and 19 patients completed the
treatment. After a median treatment of 4.0 months, 7 (37%) patients showed a slight PSA reduction (-2% to
-32%), and the median PSA-PFS was 2.0 months (1-7 months). No significant improvement was observed
in Eastern Cooperative Oncology Group (ECOG) performance status. Bone pain was relieved in 6 patients
after 1 month of treatment, but the improvement was not significant. No grade 3 or grade 4 adverse events
were observed.

Conclusions: The combination of dutasteride and abiraterone showed a mild effect in patients with

abiraterone-resistant. The small sample size was the limitation of this study.
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Introduction

Prostate cancer is the second most common cancer in men
worldwide (1). Androgen precursors, mainly originating
from the adrenal gland, stimulate the development of
castration-resistant prostate cancer (CRPC) after androgen
deprivation therapy (ADT) (2-5). Abiraterone has been
used to treat metastatic CRPC (mCRPC) by targeting the
steroidogenic enzyme cytochrome P450 17A1 (CYP17A)
(6-10). Moreover, abiraterone causes a significant reduction
in circulating dehydroepiandrosterone (DHEA) level
and prolongs overall survival (11). However, abiraterone
resistance is inevitable, and limited clinical approaches are
currently available for further disease management.

A novel metabolic pathway of steroidal medicine in
patients has been discovered (12-14). Abiraterone could be
catalyzed by the steroidogenic enzyme 3B-hydroxysteroid
dehydrogenase 1 3BHSDI) to generate A*-abiraterone
(D4A), which has more potent antitumor activity (13).
However, D4A is converted to 5a-abiraterone by steroid-
Sa-reductase (SRDS5A), which prevents D4A accumulation
in patients. The metabolite 5a-abiraterone (50-Abi) binds
to the androgen receptor (AR) directly and acts as a mild
agonist (12). Thus, the conversion from D4A to Sa-Abi has
been speculated to be a potential mechanism of abiraterone
resistance (12).

It has been reported recently that abiraterone metabolism
accelerated and abiraterone concentration decreased in
patients as disease progression, indicating the involvement
of abiraterone metabolism in drug resistance (15). However,
increasing abiraterone dose failed to elevate abiraterone
concentration and overcome abiraterone resistance in
patients (16). Inhibition of abiraterone metabolism seems to
be an alternative way to increase abiraterone concentration.

Dutasteride is a potent SRD5SA inhibitor used for
the treatment of benign prostatic hyperplasia (17). The
REDUCE clinical trial has shown that dutasteride reduces
the incidence of prostate cancer (18). However, there are
concerns that dutasteride might increase the risk of high-
grade cancer, which prevents its application in prostate
cancer management. It has been reported that dutasteride
(3.5 mg/day) inhibits the conversion of D4A to Sa-Abi
in patients by suppressing the activity of SRDSA (12).
Although dutasteride has been used in CRPC patients
together with abiraterone (NCT01393730), the clinical
efficacy of dutasteride in abiraterone-resistant patients has
not been evaluated. Also, the side effects of the combination
of dutasteride and abiraterone has not been investigated
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in Chinese patients. The potential benefits of dutasteride-
regulated abiraterone metabolism rely on the reduction of
the AR agonist 5a-Abi, the increase of plasma abiraterone
and D4A levels, and the prolongation of the half-life of
abiraterone in patients. A previous case report indicated the
potential benefits of dutasteride in 2 abiraterone-resistant
patients (19). Hence, we conducted a single-arm, open-
label clinical trial to investigate the clinical efficacy and
safety of dutasteride in abiraterone-resistant patients with
mCRPC. We present the following article in accordance
with the TREND reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-507/rc).

Methods
Study design

This investigation was conducted according to Declaration
of Helsinki principles (as revised in 2013). Informed consent
was obtained from patients. The study was approved by
institutional review board of Tongji Hospital (No. 2018-
LCYJ-003). Patients with mCRPC were eligible if they had
abiraterone tolerance according to prostate-specific antigen
(PSA) progression or radiographic progression as defined
by the Prostate Cancer Clinical Trials Working Group
2 (PCWQ2), an estimated life expectancy of >12 months,
and an ECOG of <3. Patients were excluded if they had
previously received next-generation AR inhibitors such as
enzalutamide or apalutamide, had a special histologic type
such as small cell carcinoma or sarcoma of prostate, had a
history of aggressive cancer within 3 years before screening,
or had total bilirubin (TB) > 1.5 x institutional upper limit
of normal (ULN) or alanine aminotransferase (ALT) > 2.5 x
institutional ULN.

Treatment and follow up

Dutasteride (0.5 mg/day) was administered together with
abiraterone (1,000 mg/day) and prednisone (5 mg/twice
daily) to mCRPC patients with abiraterone resistance
in this single-arm clinical trial (ChiCTR1800015510).
Visits occurred and PSA was measured every 4 weeks.
Radiographic examinations included the bone scan and
computed tomography (CT) were performed every
3 months after the treatment. The Eastern Cooperative
Oncology Group (ECOG) performance status was used
to assess the general situation of the patients. Based on
the pharmacokinetics of abiraterone metabolism, blood
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samples were collected approximately 3 hours after
abiraterone administration (18). Plasma concentrations
of abiraterone and its metabolites were determined with
liquid chromatography-tandem mass spectrometry (LC-
MS) as described previously (19). The extent of the worst
pain over the previous 24 hours was assessed by the Brief
Pain Inventory-Short Form (BPI-SF; on a scale of 0 to 10,
0 indicates no pain, 1-3 indicates mild pain, 4-6 indicates
moderate pain, and 7-10 indicates severe pain). The
Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 were used to assess the safety of the
treatment, and grade 3 or grade 4 toxicities were defined as
severe adverse events. The conditions for study termination
included disease progression (on the basis of PSA
concentration, radiographic imaging, and clinical findings),
unacceptable adverse events, death, and withdrawal of
consent.

End points

The primary endpoints were to evaluate PSA response
(defined as >50% decline from baseline, PSA50). PSA
progression was defined as a 25% increase above the nadir
along with an increase in absolute value of 2 ng/mL and
confirmed 3 weeks later. For patients without an initial
decline in PSA, PSA progression was defined as a 25%
increase from the baseline value along with an increase
in absolute value of 2 ng/mL or more after 12 weeks
of treatment. Radiographic progression was defined by
PCWG?2 for bone disease and by the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 for soft
tissue and visceral disease and was assessed by 2 senior
radiologists. The secondary objectives were to assess
symptom relief and safety of dutasteride according to BPI-
SF and CTCAES5.0.

Sample size

We calculated that a sample of 42 patients (with 40 events)
would provide the trial with 80% power to detect the
difference regarding the primary outcome at a one-sided
alpha of 0.025, assuming that the median PSA progression
free survival (PSA-PFS) time was 3 months for patients
without treatment and 4.8 months for patients with
dutasteride and abiraterone treatment. The accrual period
was about 2 years and the follow-up time was about 1 year.
The survival distribution was assumed to be exponentially
distributed. Assuming a 15% loss to follow-up, the trial was
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designed to enroll approximately 50 patients.

Statistics

The comparison of multi-group paired variables was
conducted using the Friedman’s Two-Way Analysis. PSA-
PFS was calculated using the Kaplan-Meier method.
Statistical analyses between groups were performed using
the Student’s ¢-test or the chi-square test according to the
data distribution feature. Correlations were determined
using Pearson analysis; All data analyses were performed
using IBM SPSS Statistics 22.0 for Windows (IBM Corp,
Inc., Armonk, NY, USA), and the significance level was set
at P<0.05.

Results
Patient characteristics

Twenty-two patients with mCRPC were enrolled in the
study between April 2018 and June 2020 at Shanghai
Tongji Hospital, and 19 patients finished the treatment
and follow-up (Figure I). The clinical characteristics of the
patients at baseline are presented in 7able 1. The median
age of the 19 patients was 75 years (range, 54-84 years).
All patients received ADT and abiraterone treatment. Five
(26%) of these patients had previously undergone docetaxel
therapy. All patients had bone metastatic disease, and
2 patients (11%) had a combination of bone and lymph
node metastatic disease at the time of study enrollment. The
median baseline PSA and Gleason score are listed in 7able 1.
Six (32%) patients were primarily resistant to abiraterone,
and the remaining patients responded to abiraterone for
4-37 months (Table 2).

Patient response to the combination therapy

The median treatment duration was 4.0 months (range,
3-18 months), a maximum reduction in PSA levels was
observed in 7 (37%, range, -2% to -32%; Table 2) out
of 19 patients. One abiraterone-resistant patient (5%)
achieved a 30% PSA decline with the combination therapy
of dutasteride and abiraterone (7uzble 2). The median
PSA-PFES of the combination therapy was 2.0 months
(range, 1-7 months; Figure 2A4). Further analysis in the
7 patients who showed declined PSA after the combination
therapy indicated a reverse correlation between response
to abiraterone treatment and response to the combination
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Patients enrolled in study
1/4/2018-21/6/2020
(n=22)
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Y
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Y

Y

!
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Patients with more than 3-month therapy
(n=1) and follow up (n=19) (n=1)

No sample available

Y

Reduction in PSA
(n=7)

Figure 1 Flow chart of trial profile. PSA, prostate specific antigen.

Table 1 Baseline characteristics of abiraterone-resistant patients

Number (n=19)

Variables

Age (years), median (range) 75 (54 to 84)
Gleason, n [%]

<8 3[16]

>8 16 [84]

Metastatic sites, n [%]

Lymph node 2[11]
Bone 19 [100]
Previous therapy, n [%]
ADT method
LHRHa 14 [74]
Orchiectomy 5 [26]
Docetaxel 5 [26]
ECOG, n [%]
0-1 8 [42]
2-3 11 [58]

Primary PSA (ng/mL), median (range) 51.50 (5.71-1,255.00)

ADT, androgen deprivation therapy; LHRHa, luteinizing
hormone-releasing hormone analogue; ECOG, Eastern
Cooperative Oncology Group; PSA, prostate specific antigen.
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No reduction in PSA
(n=12)

therapy. Patients with a longer PSA-PFS during previous
abiraterone treatment showed less reduction in PSA levels
during the course of the combination therapy (Figure 2B;
Table 2). Patients #6 and #7, who had primary resistance to
abiraterone, experienced the most striking PSA decline after
the combination therapy (-27% and -32%, respectively),
indicating the existence of abiraterone metabolism-related
drug resistance in patients (Zable 2).

ECOG performance status and bone pain symptoms
were evaluated after 3 months of combination treatment.
No significant differences were observed before and after
the combination treatment in ECOG performance (Table 3).
The relief of bone pain was observed in 6 patients, but no
significant improvement was confirmed overall, possibly
due to the limited patient numbers (7able 3). Dutasteride
halted the progression in ECOG performance and bone
pain in abiraterone-resistant patients, although the effect
was mild. These results showed that a mild efficacy of the
combination therapy, and the study was terminated.

Side effects

A total of 19 adverse events were observed in patients
receiving the combination therapy of dutasteride and
abiraterone. Adverse events included nausea/vomiting
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Table 2 Patient response to Abi treatment and Abi + Dut treatment

Abi treatment Abi + Dut
Respond Patient No.
Max PSA reduction (%) PFS (days) Initial PSA Max PSA reduction (%)
Patients with PSA decline #1 -96.8 1,121 5.71 -1.9
#2 -99 549 10.24 -3.4
#3 -85.6 329 1255 -5.1
#4 -76 184 28.33 -13.6
#5 -94.2 118 283 -17
#6 NA 0 102.1 =27
#7 NA 0 33.8 -32
Patients without PSA decline #1 -82.7 294 7.36 115
#9 -68 173 12.11 102
#10 NA 0 118.8 78.5
#11 -87.7 235 10.34 69.6
#12 -84.2 347 51.45 59.6
#13 -98.5 196 22.37 50.6
#14 NA 0 17.4 43
#15 NA 0 51.5 29.7
#16 -86 119 289.1 23.5
#17 -45 119 100 23.3
#18 -54 125 3372 14.5
#19 NA 0 12.7 3.5

Abi, abiraterone; Dut, dutasteride; PSA, prostate specific antigen; PFS, progression free survival; N/A, not applicable.

A Abi + Dut B
0 -
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g 1% 2% .
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% 50 S £ 20
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Months PFS of Abi treatment, days

Figure 2 Effect of the combination therapy with dutasteride and abiraterone in abiraterone-resistant patients. (A) PSA-PFS of the 19
patients; (B) PSA reduction during the combination therapy was negatively correlated with the related PES for abiraterone treatment. Seven
patients showing PSA reduction after the combination therapy were selected for analysis. PSA, prostate specific antigen; Abi, abiraterone;

Dut, dutasteride; PFS, progression-free survival.
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Table 3 ECOG and bone pain symptoms before and after treatment
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Events Pre-treatment 1% month 2" month 3 month Test statistics P
ECOG, median (IQR) 2.0(1t02) 2.0(11t02) 2.0(1t03) 2.0 (110 3) 5.462 0.141
Bone pain n (%) 4.385 0.223

No 6 (31.6) 7(36.8) 7 (36.9) 9 (47.4)

Mild 6 (31.6) 9 (47.4) 7 (36.8) 5 (26.3)

Moderate 7 (36.8) 3(15.8) 5 (26.3) 421.1)

Severe 0(0.0) 0 (0.0 0(0) 1(5.3)

ECOG, Eastern Cooperative Oncology Group performance status; IQR, interquartile range.

Table 4 Adverse events after treatment (N=19)

Adverse events Number (%)
Fluid retention and edema 5(26.3)
Nausea/vomiting 5(26.3)
Novel anemia 4(21.1)
Fatigue 3(15.8)
Constipation 2(10.5)

(n=5, 26%), fluid retention and edema (n=5, 26%), novel
anemia (n=4, 21%), fatigue (n=3, 16%), and constipation
(n=2, 11%; Table 4). No grade 3 or grade 4 toxicities were
observed in our study. This indicated that the combination
therapy was well-tolerated in the Chinese population.

Discussion

Novel approaches are urgently required to meet the clinical
challenges associated with abiraterone resistance (5,15,20). It
is hypothesized that dutasteride might enhance abiraterone
efficacy by regulating abiraterone metabolism (12). Here,
we conducted a clinical trial to investigate the efficacy of
dutasteride in abiraterone-resistant mCRPC patients and
found that the combination therapy with dutasteride and
abiraterone resulted in a mild and transient effect in the East
Asian population.

The steroidogenic enzyme SRDS5A participates in
abiraterone metabolism and catalyzes D4A to 5a-Abi,
leading to a decline in plasma abiraterone and D4A and an
accumulation of plasma Sa-Abi (13). Studies investigating
the crystal structures of SRDSA have revealed how the
polymorphisms in SRDSAI and SRD5SA2 genes affect
enzyme activity (21,22). Dutasteride is a potent SRDSA
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inhibitor that is able to block the generation of 5a-Abi in
patients (12). Here, our results indicated a transient and
mild effect of dutasteride in abiraterone-resistant patients,
which might be unique to Chinese patients. Population
genome sequencing projects have indicated relatively low
SRDSA activity in the Chinese population. For example,
the SRD5A2 gene rs523349 (L89V), encoding a gain-
of-function variant, is more dominant in African (77%)
and Caucasian (72%) populations but not in the Chinese
population (43%) (23). A relatively low Sa-Abi level in
Chinese patients has been reported previously (19,24).

In this study, the most dramatic reductions in PSA
levels were observed in 2 patients with primary resistance
to abiraterone, which indicated the existence of drug
metabolism-related resistance in the patients. To overcome
abiraterone resistance by regulating drug metabolism,
novel targets should be considered to regulate abiraterone
metabolism more thoroughly. The steroidogenic enzyme
3BHSDI catalyzes the first step of abiraterone metabolism
to generate D4A (13). The clinical significance of 3HSD1
in disease progression and treatment response has been
reported recently (25-27). Targeting 3HSD1 might be
a promising strategy to regulate abiraterone metabolism
and steroidogenesis simultaneously for prostate cancer
treatment.

The timing of the combination therapy might also affect
its efficacy. Dutasteride was added after previous resistance
to abiraterone in our trial. Multiple resistant mechanisms,
including an increase in the prevalence of AR splice
variant 7 and the incidence of neuroendocrine prostate
cancer, might be attributable to abiraterone resistance
(28-30). Increasing progesterone levels after abiraterone
treatment might also fuel disease progression via multiple
mechanisms. Dutasteride is well tolerated and leads to
limited side effects (18). Administration of dutasteride to
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patients at the beginning of abiraterone treatment, but not
after the development of abiraterone resistance, is feasible
and might result in a better clinical response.

The limitations of this study included a lack of patient
diversity and a small sample size. Only Chinese patients
were recruited in this single-center, single-arm trial.
Therefore, it is necessary to conduct a similar clinical trial
in patients from Western countries, where the population
has robust SRDS5A activity. This trial ended early with 22
but not 50 patients as designed after abiraterone metabolites
were detected in these patients. Less Sa-abiraterone was
generated in Chinese patients, making dutasteride losing its
target.

Conclusions

Overall, our data confirmed the existence of drug
metabolism-related resistance in patients with mCRPC.
Combination therapy with dutasteride and abiraterone
resulted in a mild and transient clinical benefit to
abiraterone-resistant Chinese patients.
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