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Abstract

Objective: Our aim was to evaluate the usefulness of serum testosterone to guide treatment decision for castration-resistant prostate

cancer (CRPC).

Methods: We conducted a retrospective analysis of 115 patients with CRPC treated with either abiraterone (n = 43) or enzalutamide

(n = 72). A serum testosterone level was measured at time of starting of abiraterone or enzalutamide. We determined whether serum testos-

terone influenced the outcomes of androgen receptor (AR)-targeted therapy.

Results: In the very-low testosterone group (<5 ng/dl), the rate of prostate-specific antigen (PSA) response was significantly higher among

patients treated with abiraterone compared to enzalutamide (62 vs. 32%, respectively; P = 0.033), with no difference in the low testosterone

group (5−<50 ng/dl) (93 vs. 81%, respectively; P = 0.429). During the median follow-up of 26 months, PSA progression-free survival was sig-

nificantly longer in the low testosterone group than in the very-low testosterone group (12.2 vs. 4.5 months, P<0.001). In the very-low testos-

terone group, enzalutamide use (HR 3.07, 95% CI 1.36−6.94; P = 0.007), primary androgen deprivation therapy <12 months (HR 2.50, 95%

CI 1.23−5.08; P = 0.011) and bone metastases (HR 2.60, 95% CI 1.20−5.64; P = 0.015) were significantly associated with PSA progression.

Conclusion: Patients with a serum testosterone level ≥5 ng/dl were more likely to receive therapeutic benefits from AR-targeted therapy

compared to those with serum testosterone levels <5 ng/dl. However, even for those with a very low serum testosterone level, the efficacy of

abiraterone was slightly higher than that of enzalutamide. Therefore, serum testosterone level is a useful biomarker for informing treatment

selection for CRPC. � 2019 Published by Elsevier Inc.
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1. Introduction

Therapeutic options for metastatic castration-resistant

prostate cancer (mCRPC) have drastically changed follow-

ing the approval of new agents such as the androgen
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receptor-targeted agents (ARTAs) abiraterone [1] and enza-

lutamide [2], cabazitaxel, a second-generation taxane [3],

and radium-223 dichloride, which is an a-particle-emitting

radionuclide [4]. These new agents prolong the overall sur-

vival of patients with mCRPC. Although docetaxel-based

chemotherapy has been the standard therapy for mCRPC,

several treatment options are now available, with algo-

rithms having been designed based on performance status
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of the drug, presence or absence of visceral metastases, and

symptoms to assist selection [5,6]. However, specific guide-

lines to determine the most appropriate treatment for

a given patient remain unclear due the lack of trials, as dis-

cussed at the St. Gallen Consensus Conference [7]. There-

fore, there is an urgent need to develop strategies to provide

more precise patient-specific information to guide the

treatment of mCRPC.

ARTAs, which include abiraterone and enzalutamide,

provide better tolerability than taxanes such as docetaxel and

cabazitaxel. Abiraterone is a selective inhibitor of 17a-

hydroxylase and 17,20-lyase, depleting the supply of extra-

gonadal androgens [8]. Enzalutamide, by contrast, is a com-

petitive androgen receptor (AR) inhibitor that binds to the

androgen receptor [9]. Therefore, both abiraterone and enza-

lutamide inhibit the activation of ARs by extragonadal

androgens, but through different mechanisms. However,

there is currently no available biomarker to determine which

of these 2 agents should be used in patients to maximize the

clinical benefits of AR-targeted therapy for CRPC.

In a previous study, we evaluated whether the serum tes-

tosterone level could predict the efficacy of antiandrogen

drugs for CRPC [10]. In that study, we reviewed 30 patients

with CRPC who received a delayed add-on of antiandrogen

therapy (bicalutamide 80 mg daily or flutamide 375 mg

daily) following androgen deprivation therapy (ADT). A

serum testosterone level of <5 ng/dl was identified as an

independent factor for predicting PSA progression (hazard

ratio [HR] 5.99, 95% confidence interval [CI] 1.84−19.5;
P = 0.003). Therefore, we hypothesized that serum testos-

terone had an effect on the outcomes of AR-targeted ther-

apy. In addition, to clarify the benefits of using serum

testosterone to inform the decision for selecting abiraterone

or enzalutamide for CRPC, we evaluated the efficacy of

each of these drugs as a function of the serum testosterone

level.
2. Materials and methods

2.1. Study population and design

This study was retrospectively conducted using the clini-

cal data of consecutive CRPC patients treated at our institu-

tion and its satellite hospitals between April 2013 and May

2016. Institutional review board approval was obtained

for this study. CRPC was defined by disease progression

despite castrate levels of serum testosterone (≤50 ng/dl).

The 174 patients who received enzalutamide or abiraterone

for CRPC were eligible for this study. Patients who did not

undergo serum testosterone measurements at the initiation

of treatment were excluded. Ultimately, 72 patients treated

with enalutamide 160 mg daily and 43 treated with abirater-

one 1000 mg daily formed our study cohort. All diagnoses

of prostate cancer were confirmed by pathological examina-

tion. As treatment for CRPC, ARTA was selected based on

the preference of the treating physician.
2.2. Outcomes

PSA progression was defined as per the criteria of Prostate

Cancer Working Group 3: i.e., a 25% increase from the nadir

(consisting a starting value of ≥1.0 ng/ml) with a minimum

rise of 2 ng/ml [11]. Computed tomography (CT) and a bone

scan using 99mTc-methylene-diphosphonate (bone scintigra-

phy), were conducted to identify soft tissue and bone metasta-

ses, respectively, when PSA progressed. Serum testosterone

levels (ARCHITECT II CLIA assay) were measured just

before ARTA. All blood samples were obtained in the morn-

ing. Abiraterone or enzalutamide was selected regardless of

the serum testosterone value. A PSA response was defined by

a PSA decrease ≥50% at any time. All patients were fol-

lowed-up by PSA measurement every 1 month. CT and bone

scintigraphy were conducted at need.

2.3. Statistical analysis

Fisher’s exact test and the Mann−Whitney U-test were

used, as appropriate, to evaluate between treatment group

differences. PSA progression-free survival (PSA-PFS) and

overall survival (OS) were evaluated using the Kaplan-Meier

method, with the log-rank test used to evaluate differences

between treatment groups. Multivariate Cox proportional

hazards analysis was used to identify factors to predict treat-

ment efficacy, after controlling for confounding variables. A

P value of <0.05 was considered statistically significant for

all analyses. All statistical analyses were performed using

EZR (Jichi Medical University, Saitama, Japan).

3. Results

3.1. Patient characteristics

The characteristics of the patients in the abiraterone and

enzalutamide groups were compared (Table 1). The median

age in the abiraterone group was 76 years and that in the

enzalutamide group was 77 years (P = 0.882). There was no

significant difference in the PSA values just before ARTA

between abiraterone and enzalutamide (12.5 vs. 14.4 ng/ml,

P = 0.848). No metastasis of CRPC was observed in 14

patients (33%) with abiraterone and 26 (36%) with enzaluta-

mide (P = 0.840). Patients treated with abiraterone were more

likely to have a very low serum testosterone level (<5 ng/dl)

just before ARTA than those with enzalutamide (67 vs. 35%;

P<0.001). There was no significant difference in other clini-

cal parameters between patients treated with abiraterone and

enzalutamide. The same was true for patients treated with

abiraterone and enzalutamide in both the very-low and the

low testosterone groups (Supplementary Table 1).

3.2. Serum testosterone levels just before ARTA

The distribution of serum testosterone levels just before

abiraterone or enzalutamide is shown in Fig. 1. All patients



Table 1

Characteristics of all patients.

Abiraterone n = 43 Enzalutamide n = 72 P value

Age just befroe ARTA, n (%), years 0.945

<75 17 (40) 28 (39)

≥75 26 (60) 44 (61)

Gleason score, n (%) 0.792

≤7 19 (44) 30 (42)

≥8 24 (56) 42 (58)

PSA at diagnosis, n (%), ng/ml 0.755

<100 22 (51) 39 (54)

≥100 21 (49) 33 (46)

T stage at diagnosis, n (%) 0.458

≤T2 8 (19) 20 (28)

T3 21 (49) 28 (39)

T4 14 (32) 24 (33)

Primary ADT, n (%) 0.360

Orchiectomy 3 (7) 11 (15)

LHRH agonist 20 (47) 38 (53)

LHRH antagonist 8 (19) 9 (13)

LHRH agonist with bicalutamide 12 (28) 14 (19)

Duration of primary ADT, n (%), months 0.291

<12 9 (21) 22 (31)

≥12 33 (79) 50 (69)

PSA just before ARTA, n (%), ng/ml 0.838

<10 14 (33) 22 (31)

≥10 29 (67) 50 (69)

Metastases at CRPC, n (%)

Visceral 5 (12) 6 (8) 0.561

Bone 31 (72) 41 (57) 0.104

Treatment line in CRPC, n (%) 0.791

≤2nd 35 (81) 60 (83)

≥3rd 8 (19) 12 (17)

Prior treatment in CRPC, n (%)

Docetaxel 10 (23) 21 (29) 0.490

Bicalutamide 10 (23) 15 (21) 0.817

Flutamide 8 (19) 10 (14) 0.598

Estramustine 3 (7) 3 (4) 0.670

Serum testosterone level just before ARTA <0.001
Very-low: <5 ng/dl 29 (67) 25 (35)

Low: 5- <50 ng/dl 14 (33) 47 (65)

ADT, androgen deprivation therapy; ARTA, androgen receptor-targeted agent.
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had testosterone levels of <50 ng/dl (median: 5 ng/dl), which

was not significantly associated with the modality of primary

ADT. The level was lower in patients treated with abiraterone

than in those with enzalutamide (3 vs. 8 ng/dl; P < 0.001).
3.3. Prostate-specific antigen (PSA) response

Overall, PSA responses were observed in 31 (72%) of

the 43 patients treated with abiraterone and in 46 (64%) of

the 72 treated with enzalutamide (P = 0.366). The PSA

response rate to each treatment was drastically different

according to the serum testosterone level (Supplementary

Table 2). In the very-low testosterone group (<5 ng/dl),

PSA responses were observed in 18 (62%) of the 29

patients treated with abiraterone and in 8 (32%) of the 25

treated with enzalutamide (P = 0.033). By contrast, the PSA

response rates were 93% with abiraterone and 81% with
enzalutamide in the low testosterone group (5− <50 ng/dl)

(P = 0.429). Overall, there was no significant difference

between abiraterone and enzalutamide when there was no

PSA response (21% vs. 17%, respectively; P = 0.622). The

same was true for each testosterone subgroup.
3.4. Predictive factors for prostate-specific antigen (PSA)

progression

During the median follow-up period of 25.7 months, 84

patients (73%) developed PSA progression. Overall, 60

(52%) died of prostate cancer and 10 (9%) of other causes.

Multivariate analysis identified a very low serum testosterone

level just before ARTA, a short duration of primary ADT,

and the use of prior docetaxel as factors associated with PSA

progression (Table 2). We investigated predictive factors for

PSA progression in each testosterone subgroup to adjust for



Fig. 1. Distribution of serum testosterone levels just before ARTA. (A) abiraterone, (B) enzalutamide. ARTA, androgen receptor-targeted agent.

Table 2

Factors to predict PSA progression of ARTA for CRPC.

Variable Category Univariate Multivariate

HR (95%CI) P value HR (95%CI) P value

Total

Serum testosterone level, ng/dl ≥5 vs. <5 2.54 (1.60−4.02) <0.001 3.33 (1.88−5.92) <0.001
Treatment Abiraterone vs. enzalutamide 1.17 (0.74−1.84) 0.506 1.66 (0.98−2.80) 0.059

Age just before ARTA ≤75 vs. ≥75 1.13 (0.55−1.43) 0.676

Gleason score ≤7 vs. ≥8 1.20 (0.74−1.92) 0.464

PSA at diagnosis, ng/ml <100 ng/ml vs. ≥100 ng/ml 1.05 (0.53−1.64) 0.832

Duration of primary ADT, months ≥12 vs. <12 2.19 (1.38−3.50) <0.001 2.05 (1.26−3.35) 0.004

PSA just before ARTA, ng/ml ≤10 vs. ≥10 1.77 (1.05−2.97) 0.031 1.45 (0.85−2.49) 0.178

Visceral metastases Absent vs. present 1.72 (0.91−3.27) 0.097 1.04 (0.55−2.00) 0.896

Bone metastases EOD0 vs. ≥EOD1 1.59 (0.99−2.54) 0.053 1.46 (0.88−2.42) 0.140

Treatment line in CRPC ≤2nd vs. ≥3rd 1.03 (0.66−1.61) 0.897

Prior docetaxel Absent vs. present 2.24 (1.38−3.61) 0.001 1.81 (1.02−3.21) 0.041

Prior vintage hormonal agents Absent vs. present 1.05 (0.66−1.67) 0.846

Very-low testosterone subgroup (<5 ng/dl)
Serum testosterone level, ng/dl ≥5 vs. <5 - - - -

Treatment Abiraterone vs. enzalutamide 2.69 (1.39−5.23) 0.003 3.07 (1.36−6.94) 0.007

Age just before ARTA ≤75 vs. ≥75 1.12 (0.76−1.77) 0.787

Gleason score ≤7 vs. ≥8 1.45 (0.76−2.76) 0.261

PSA at diagnosis, ng/ml <100 ng/ml vs. ≥100 ng/ml 1.13 (0.61−2.10) 0.688

Duration of primary ADT, months ≥12 vs. <12 3.16 (1.60−6.25) <0.001 2.50 (1.23−5.08) 0.011

PSA just before ARTA, ng/ml ≤10 vs. ≥10 1.30 (0.66−2.55) 0.450 1.06 (0.51−2.20) 0.885

Visceral metastases Absent vs. present 1.12 (0.47−2.70) 0.800 1.12 (0.44−2.91) 0.809

Bone metastases EOD0 vs. ≥EOD1 1.54 (0.80−2.96) 0.197 2.60 (1.20−5.64) 0.015

Treatment line in CRPC ≤2nd vs. ≥3rd 1.30 (0.71−2.39) 0.398

Prior docetaxel Absent vs. present 2.05 (1.01−3.85) 0.024 1.58 (0.78−3.18) 0.201

Prior vintage hormonal agents Absent vs. present 1.20 (0.64−2.25) 0.562

Low testosterone subgroup (5− <50 ng/dl)
Serum testosterone level, ng/dl ≥5 vs. <5 - - - -

Treatment Abiraterone vs. enzalutamide 1.18 (0.56−2.48) 0.666 1.00 (0.46−2.20) 0.993

Age just before ARTA ≤75 vs. ≥75 1.13 (0.47−2.03) 0.772

Gleason score ≤7 vs. ≥8 1.15 (0.56−2.37) 0.707

PSA at diagnosis, ng/ml <100 ng/ml vs. ≥100 ng/ml 1.15 (0.61−2.16) 0.660

Duration of primary ADT, months ≥12 vs. <12 1.94 (1.01−3.74) 0.047 1.74 (0.78−3.86) 0.174

PSA just before ARTA, ng/ml ≤10 vs. ≥10 2.63 (1.16−5.97) 0.021 2.34 (0.99−5.48) 0.051

Visceral metastases Absent vs. present 1.34 (0.52−3.46) 0.542 1.11 (0.40−3.07) 0.840

Bone metastases EOD0 vs. ≥EOD1 1.48 (0.77−2.85) 0.240 1.00 (0.45−2.23) 0.993

Treatment line in CRPC ≤2nd vs. ≥3rd 1.04 (0.55−2.00) 0.896

Prior docetaxel Absent vs. present 1.45 (0.61−3.46) 0.407 1.74 (0.63−4.79) 0.287

Prior vintage hormonal agents Absent vs. present 0.96 (0.48−1.92) 0.905

ADT, androgen deprivation therapy; ARTA, androgen receptor-targeted agent; CRPC, castration-resistant prostate cancer; EOD, extent of disease on bone scan.
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Fig. 2. Survival curves in combination with serum testosterone level and ARTA. (A) PSA progression-free survival (PSA-PFS), (B) overall survival (OS).

Abi, abiraterone; ARTA, androgen receptor-targeted agent; Enz, enzalutamide; T, testosterone.
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potentially confounding effects. In multivariate analysis, in

the very-low testosterone group, enzalutamide use (HR 3.07,

95% CI 1.36−6.94; P = 0.007), primary ADT ≤12 months

(HR 2.50, 95% CI 1.23−5.08; P = 0.011) and bone metasta-

ses (HR 2.60, 95% CI 1.20−5.64; P = 0.015) were signifi-

cantly associated with PSA progression. No factor to predict

PSA was identified in the low testosterone group.

3.5. Time to prostate-specific antigen progression and

mortality

We assessed PSA-PFS and OS in combination with

serum testosterone levels and AR-targeted therapy. For all

patients, PSA-PFS and OS was significantly longer in the

low testosterone group than in the very-low testosterone

group (median, 12.2 vs. 4.5 months, 36.0 vs. 26.2 months,

respectively; P ≤ 0.001, P = 0.037). In the low testosterone

group, there was no significant difference in PSA-PFS

between the use of abiraterone or enzalutamide (median,

19.6 vs. 16.1 months, respectively; P = 0.665), whereas

PSA-PFS was significantly longer with abiraterone than

with enzalutamide in the very-low testosterone group

(median, 10.3 vs. 4.5 months, respectively; P = 0.002;

Fig. 2A). However, Kaplan-Meier probability curves did

not reveal better OS for patients treated with abiraterone

than for those treated with enzalutamide in the testosterone

subgroups (Fig. 2B).

4. Discussion

Our findings indicated that serum testosterone was asso-

ciated not only with the efficacy of AR-targeted therapy but

also the prognosis of CRPC. A serum testosterone level of
5 to <50 ng/dl was a significant factor for predicting the

efficacy of AR-targeted therapy. In the subgroup of patients

with a serum testosterone level of <5 ng/dl, the efficacy

was slightly higher for abiraterone than for enzalutamide,

and led to improved survival. This indicated that serum tes-

tosterone would be an important marker when selecting

either abiraterone or enzalutamide for CRPC treatment.

Serum testosterone levels of hormone-sensitive pros-

tate cancer (HSPC) and CRPC might be quite different

biologically [12]. Several studies have indicated that a

nadir serum testosterone level of <20 ng/dl during primary

ADT can be a favorable prognostic factor for HSPC

[13,14]. Additionally, Perachino et al. reported that a low-

serum testosterone level within 6 months of primary ADT

was associated with a good prognosis for patients with

metastatic prostate cancer [15]. In contrast, with CRPC,

we found that a serum testosterone level ≥5 ng/dl was an

independent significant factor to predict the efficacy of

treatment with both abiraterone and enzalutamide. This

result was consistent with our previous study, which indi-

cated that CRPC patients with a serum testosterone level

≥5 ng/dl who were treated with delayed CAB using bica-

lutamide or flutamide were more likely to have a better

treatment response and prognosis than those with a serum

testosterone level of <5 ng/dl [10]. A subanalysis of the

COU-AA 301 trial indicated that patients with a serum

testosterone level of <5 ng/dl in the abiraterone arm and

the control arm had worse OS than did those with a serum

testosterone level ≥5 ng/dl [16]. Thus, the low-serum tes-

tosterone level achieved during primary ADT for HSPC

could predict a better prognosis, whereas for CRPC it

could be a risk factor for disease progression. Therefore,

measurement of serum testosterone in patients with CRPC
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might be required to reveal the correlation between intra-

tumor androgen synthesis and the clinical response to AR-

targeted therapy.

For CRPC, serum testosterone is thought to reflect a sub-

set of extragonadal androgens from the adrenal gland and

de novo steroidogenesis within tumors. A more recent study

indicated that enzymes such as 3bHSD1 were overex-

pressed in tumors and accelerated intratumor androgen syn-

thesis [17], indicating that AR activation contributed to

CRPC progression and that AR-targeted therapy, which

inhibits androgen synthesis or AR activation, should be

considered as the main treatment strategy for CRPC. In our

current study, we provide clear evidence that a serum tes-

tosterone level ≥5 ng/dl is a robust predictor of the thera-

peutic benefits of abiraterone and enzalutamide for the

treatment for CRPC, with a higher serum testosterone level

being associated with AR dependency in CRPC. This result

was supported by a recent study indicating that a serum tes-

tosterone level ≥5 ng/dl was a predictor of treatment with

enzalutamide [18].

Our findings do raise new questions on whether all

patients with a serum testosterone level of <5 ng/dl have

non-AR-driven tumor growth. If that is the case, then

almost half of all CRPC patients will have a weaker

response to AR-targeted therapy. However, substantial PFS

benefits have been achieved in several clinical trials of AR-

targeted therapy [19,20]. In our current study, patients

treated with abiraterone, but not enzalutamide, had

extended time to progression and a PSA response, even in

patients with a serum testosterone level of <5 ng/dl. This is

indicative of the potential to retain some AR activity in

patients with CRPC, despite very low serum testosterone.

Therefore, abiraterone could provide a possible treatment

for CRPC progression among patients with very low serum

testosterone levels.

Although the exact reason why patients with very low

serum testosterone levels had more favorable results with

abiraterone than with enzalutamide with respect to PFS is

unclear. The benefits may be related to acquired resistance

rather than primary resistance. In our cohort, there was no

difference between the treatment groups with regard to the

proportion of patients with no decrease in PSA. Several stud-

ies have shown that AR gain, amplification, mutation, or

alternative splicing variants are associated with resistance

against AR-targeted therapy [21,22]. Romanel et al. evalu-

ated the AR gene copy number of plasma DNA at baseline

and during CRPC progression in patients treated with abira-

terone [23]. In that study, although 23% (of 22 patients) with

no AR gain before treatment showed AR gain with progres-

sion, 23% (of 22 patients) with AR gain before treatment

had no AR gain with progression. Because these proportions

were offset by each other, it appeared clear that abiraterone

did not result in AR gains. Moreover, an analysis of compar-

ative genomic hybridization of 62 patients with mCRPC

showed that AR amplification was significantly more com-

mon in patients with CRPC progression who were being
treated with enzalutamide than in those treated using abira-

terone or other agents (53% vs.17% and 21%, respectively;

P = 0.02) [24]. Future analyses are required to clarify the

effects of serum testosterone on AR aberration. In addition,

the cooperativity between serum testosterone levels and loss

of tumor suppressors such as PTEN, Tp53, and RB1, which

are associated with aggressive variants for CRPC, needs to

be clarified [25].

The limitations of our study should be acknowledged.

Foremost are the retrospective design of our study, the short

follow-up period, and the small number of patients. This

might have substantially affected the results. However, the

distribution of serum testosterone levels in our study was

similar to that of the COU-AA-301 study cohort, and the

overall outcomes of AR-targeted therapy were similar

to those of other series involving Japanese CRPC patients

[26−29]. This indicates that the selection bias in our study

cohort was small, if any. Abiraterone, enzalutamide, and

docetaxel are recommended by guidelines, along with

radium-223 (if there is no visceral metastasis), as first-line

treatments for mCRPC. We demonstrated that both abira-

terone and enzalutamide exerted effects in patients who had

CRPC progression and serum testosterone levels of 5 to

50 ng/dl, whereas abiraterone, but not enzalutamide,

exerted effects even in those who had serum testosterone

levels of ≤5 ng/dl. This new finding indicates that it is very

important to measure serum testosterone to determine

ARTAs in CRPC. Previous studies have shown that base-

line cell-free DNA and circulating tumor cells, as well as

changes during therapy, are prognostic factors for CRPC

[22,30]; however, these factors are difficult to measure,

which limits their broad availability. We believe that serum

testosterone is a useful biomarker that can help in determin-

ing the treatment strategy for CRPC, with its ease of mea-

surement providing greater clinical benefits.
5. Conclusions

We have provided evidence of the usefulness of serum

testosterone as a biomarker for predicting CRPC treatment

outcomes. Patients with a serum testosterone level ≥5 ng/dl

were more likely to receive therapeutic benefits from AR-

targeted therapy compared to those with serum testosterone

levels <5 ng/dl. However, even for those with a very low

serum testosterone level, the efficacy of abiraterone was

slightly higher than that of enzalutamide. Based on our

findings, the serum testosterone level should be considered

to more precisely guide treatment selection for patients

with CRPC.
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