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Abstract

Purpose: Comorbidity with hypertension (HTN) may affect the outcome of castration-resistant prostate cancer (CRPC). In this study, we
evaluated the prognostic impact of antihypertensive agents in patients with CRPC treated with androgen receptor axis-targeting (ARAT)

agents or docetaxel chemotherapy.

Patients and methods: This study included 156 Japanese men with CRPC who were treated with ARAT agents (n =85) or docetaxel
(n="71) at our hospital between 2008 and 2017. Associations between clinicopathological factors, HTN status, progression-free survival
(PFS) and overall survival (OS) were evaluated by univariate and multivariate analysis.

Results: When adjusted for age, prostate-specific antigen levels at pretreatment, Gleason score, and clinical M-stage, comorbid HTN
was significantly associated with better OS (hazards ratio, 95% confidence interval: 0.41, 0.21—0.77; P =0.0051), but not with PFS (hazards
ratio, 95% confidence interval: 0.64, 0.38—1.11; P=0.11) in patients treated with ARAT agent. However, HTN was not associated with

PFES or OS for patients treated with docetaxel.

Conclusions: Use of antihypertensive agents has prognostic significance for patients with CRPC treated with ARAT agent, but not doce-

taxel. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Androgen-deprivation therapy (ADT), alone or in com-
bination with docetaxel or abiraterone, is currently the stan-
dard therapy for metastatic hormone-sensitive prostate
cancer [1,2]. However, the majority of patients with this
disease progress to castration-resistant prostate cancer
(CRPC), even after consecutive courses of ADT. Current
CRPC treatments include taxane chemotherapies (e.g.,
docetaxel and cabazitaxel), radium-223, novel androgen
receptor axis-targeting (ARAT) agents such as enzaluta-
mide and apalutamide, and the CYP17 inhibitor abiraterone
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[3,4] All of these treatments have shown several benefits,
including prolonger survival, in clinical trials of patients
with CRPC [3.4]. Thus, several therapeutic options are
available for CRPC, highlighting the need to identify bio-
markers that enable selection of a suitable therapy for each
patient.

Several biomarkers have been suggested to predict a
positive response to ARAT agents and taxane chemothera-
pies; these include the duration of response to primary
ADT [5,6]; expression of the androgen receptor (AR) splice
variant; and aberrations in the AR gene, DNA repair genes,
and tumor-suppressor genes [7,8]. Hypertension (HTN) is a
known risk factor for prostate cancer, albeit modest [9].
Conversely, HTN can itself be induced by prostate cancer
treatments, such as the ARAT agents enzalutamide and
abiraterone [10]. More recently, we reported the surprising
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finding that comorbidity with HTN was significantly associ-
ated with better prognosis in Japanese men treated with pri-
mary ADT for prostate cancer [11]. Moreover, several
antihypertensive agents have been suggested to affect the
incidence and outcome of prostate cancer [12,13]. Accord-
ingly, use of antihypertensive agents may affect therapeutic
outcome in CRPC. However, the prognostic significance
for CRPC of HTN itself and medication for HTN remains
scarcely revealed. Therefore, in this study, we examined
the prognostic significance of medication for HTN in Japa-
nese men receiving ARAT agents or docetaxel chemother-
apy for CRPC.

2. Materials and methods

2.1. Patients

This study retrospectively enrolled 156 Japanese men
with CRPC who were treated with ARAT agents (n=85) or
docetaxel (n =71) at Kyushu University Hospital (Fukuoka,
Japan) between 2008 and 2017. In the cohort of ARAT
agents, patients treated with enzalutamide or abiraterone as
first-line ARAT agents were included. Only patients with
available information on comorbidity with hypertension
were included. We excluded (1) patients with ethnicities
other than Japanese, (2) patients who had been treated in
clinical trials, (3) (for the ARAT agent cohort) patients
treated previously for prostate cancer with apalutamide or
TAK-700, and (4) (for the docetaxel cohort) patients treated
previously for prostate cancer with an intravenous chemo-
therapeutic agent. This study was approved by the institu-
tional review board of Kyushu University.

All patients were histopathologically diagnosed with ade-
nocarcinoma of the prostate. Clinical staging was determined
by the unified TNM criteria, based on the results of digital
rectal examinations, transrectal ultrasound, magnetic reso-
nance imaging, computed tomography, and bone scans [14].
Comorbidities with hypertension, dyslipidemia, and diabetes
mellitus were defined as regular use of drugs for the corre-
sponding disorders. Chronic kidney disease was defined as
glomerular filtration rate of <60 ml/min. Comorbidity with
cardiovascular disease was defined as past history in medical
chart. Those comorbidities were determined at initiation of
an ARAT agent or docetaxel for CRPC.

2.2. Treatments and outcomes

All patients were treated with an ARAT agent or docetaxel
concurrent with either surgical castration or medical castra-
tion using a luteinizing hormone-releasing hormone agonist/
antagonist (goserelin acetate, leuprorelin acetate, or degarelix
acetate). The ARAT agents abiraterone and enzalutamide
were administered at 1000 mg/day and 160 mg/day, respec-
tively [15,16]. Docetaxel was administered at 70 to 75 mg/m>
once every 3 or 4 weeks based on the schedule reported in
the TAX 327 study [17]. Prednisone (5 mg) was generally
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administered twice daily to patients treated with abiraterone
or docetaxel. The precise dose and scheduling of therapeu-
tic agents were modified for each patient according to the
severity of adverse events. Progression was defined as an
increase in prostate-specific antigen (PSA) levels of >2ng/ml
with a 25% increase over the nadir, or radiographic progres-
sion, which was defined as the appearance of 2 new lesions
or the progression of one or more known lesions (as classi-
fied by the Response Evaluation Criteria in Solid Tumors)
[18]. Progression and all-cause mortality were defined as an
event in the analyses of progression-free survival (PFS) and
overall survival (OS), respectively. The duration from initi-
ation of an ARAT agent or docetaxel for CRPC to the earli-
est event or the censored date was calculated for analyses.
Patients with no events were censored at the last follow-up
visit.

2.3. Statistical analysis

All statistical analyses were performed using JMP13
software (SAS Institute, Cary, NC). Continuous and cate-
gorical data were analyzed by Wilcoxon’s rank sum and
Pearson’s chi square tests, respectively. Survival analyses
were conducted by the Kaplan-Meier method with
Wilcoxon’s test. The Cox proportional hazards model was
used to estimate hazard ratios (HRs). All P values were
2-sided, and P < 0.05 was considered significant.

3. Results

3.1. Prognostic value of HTN in patients treated with
ARAT agents

This study included 85 patients who were treated with
abiraterone (n=29) or enzalutamide (n=156) as first-line
ARAT agents. The median follow-up time was 13.6 months
(interquartile range [IQR]: 7.1—24.4 months); during this
time, 64 men (75.3%) experienced disease progression and
45 (52.9%) and 1 (1.2%) died from prostate cancer and chol-
angiocarcinoma, respectively. The median PFS and OS times
were 5.1 months (IQR, 1.9—15.9 months) and 20.6 months
(IQR, 7.7 months—not reached), respectively. Most patients
had high PSA levels, high Gleason scores, and advanced
M-stage at diagnosis and/or pretreatment (Table 1). Of the
85 men included, 41 (48.2%) were diagnosed with concur-
rent HTN. There were not significant differences in the clin-
icopathological characteristics of patients with and without
HTN (Table 1).

The prognostic significance of clinicopathological fea-
tures for PFS and OS were evaluated by univariate and mul-
tivariate analysis. Only M-stage was identified as a
significant prognostic factor for PES in univariate analysis
(Table 2). Patients with HTN showed a trend towards better
PFS, but it did not reach the level of statistical significance
in either univariate analysis (hazards ratio [HR], 95% confi-
dence interval [CI]: 0.66, 0.40—1.09; P=0.10) (Fig. 1A,
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Table 1
Clinicopathological characteristics of patients treated with first-line ARAT agents stratified by hypertension status
Variables All (n=385) Absence of HTN (n=44) Presnece of HTN (n=41) P value
Median age at pretreatment, years (IQR) 72 (66—78) 75 (71-82) 0.075
Median PSA at diagnosis, ng/ml (IQR) 63.6 (15.5—238.6) 63.6 (15.6—407.0) 62.0 (13.1-222.3) 0.26
Biopsy Gleason score, n (%)

<8 18 (22.0%) 11 (26.2%) 7 (17.5%)

>8 64 (78.0%) 31 (73.8%) 33 (82.5%) 0.34

NA 3 2 1
Median PSA at pretreatment, ng/ml (IQR) 13.3 (4.8—29.0) 14.4 (6.9—-41.2) 11.6 (4.1-23.1) 0.057
Clinical M-stage at pretreatment, 1 (%)

MO 15 (17.6%) 7 (15.9%) 8(19.5%)

Mla 4 (4.7%) 3 (6.8%) 1 (2.4%)

Milb 61 (71.8%) 30 (68.2%) 31 (75.6%)

Mlc 5(5.9%) 4(9.1%) 1 (2.4%) 0.40
First-line hormonal therapy, n (%)

Combined androgen blockade 70 (82.4%) 37 (84.1%) 33 (80.5%)

Castration 8 (9.4%) 2 (4.5%) 6 (14.6%)

Antiandrogen monotherapy 7 (8.2%) 5(11.4%) 2 (4.9%) 0.17
Time to CRPC from hormone therapy, months (IQR) 18.9 (10.0—43.3) 16.1 (9.3-39.5) 20.9 (10.0-51.8) 0.47
Prior radical therapy, n (%)

None 59 (69.4%) 32 (72.7%) 27 (65.9%)

Radical prostatectormy 13 (15.3%) 6 (13.6%) 7 (17.1%)

Radiotherapy 13 (15.3%) 6 (13.6%) 7 (17.1%) 0.79

IQR =interquartile range; NA = not available; PS = performance status.

Because HTN is known to coexist with other disorders

Table 2) or multivariate analysis after adjustment for age,
PSA levels at diagnosis, Gleason score, and clinical stage
(HR, 95% CI: 0.60, 0.34—1.08; P =0.090) (Table 2).

Notably, we found that HTN was significantly associated
with better OS in both univariate analysis (HR, 95% CI:
0.45, 0.24—0.81; P=0.0080) (Fig. 1B, Table 2) and multi-
variate analysis (HR, 95% CI: 0.41, 0.21—-0.77; P=0.0051)
when adjusted for age, PSA levels at pretreatment, Gleason
score, and clinical M-stage (Supplementary Table 1).

Table 2

such as dyslipidemia, diabetes mellitus, chronic kidney
disease, and cardiovascular disease, we investigated the
prognostic impact of those disorders. In the cohort of
ARAT agents, 25 men (29.4%), 20 (23.5%), 27 (31.8%),
and 23 (27.1%) were comorbid with dyslipidemia, diabetes
mellitus, chronic kidney disease, and cardiovascular dis-
ease, respectively. However, comorbidities with dyslipide-
mia, diabetes mellitus, chronic kidney disease, and

Associations between clinicopathological parameters and prognosis in patients treated with first-line ARAT agent

Variable Progression-free survival Overall survival
HR 95% CI P value HR 95% CI P value

Age at pretreatment (range) 0.78 0.20-3.16 0.73 1.01 0.17-5.92 0.99
PSA at diagnosis (range) 1.13 0.17-4.72 0.89 1.41 0.21-5.72 0.69
Biopsy Gleason score

<8 ref - - ref - -

>8 1.19 0.66—2.30 0.58 0.96 0.51-1.94 0.90
PSA at pretreatment (range) 2.44 0.19—-10.48 0.41 3.17 0.25—-13.64 0.30
Clinical M-stage

MO ref - - ref - -

Mla 2.28 0.48—8.68 0.27 0.64 0.033—4.35 0.68

Milb 3.06 1.41-7.99 0.0031* 2.38 0.95—-7.98 0.065

Mlc 4.28 1.22—-14.37 0.025* 8.83 2.29-36.34 0.0022*
Comorbidity of hypertension

Absence ref - - ref - -

Presence 0.66 0.40—1.09 0.10 0.45 0.24-0.81 0.0080%*

HR = hazards ratio; CI = confidence interval; PSA = prostate-specific antigen; PS = performance status.

* Statistically significant.
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Fig. 1. Survival curves of men with CRPC treated with ARAT agents
according to HTN status. Progression-free survival (A) and overall survival
(B) of 85 patients stratified by HTN comorbidity.

cardiovascular disease were not associated with prognoses
in patients treated with ARAT agents (data not shown).

3.2. Prognostic value of HIN in docetaxel-treated patients

Next, we performed the same analyses on the 71
patients who were treated with docetaxel as first-line che-
motherapy. The median follow-up was 14.4 months (IQR:
5.8—23.8 months); during this time, 64 men (90.1%) expe-
rienced disease progression and 50 (70.4%) and 1 (1.4%)
died from prostate cancer and suicide, respectively. The
median PFS and OS times were 4.9 months (IQR, 1.6—9.7
months) and 18.9 months (IQR, 8.3—28.7 months), respec-
tively. Most patients presented with high Gleason scores
at diagnosis and with high PSA levels at diagnosis and
pre-treatment (Supplementary Table 2). All patients had
distant metastases before treatment (Supplementary Table
2) and 31 men (43.7%) were diagnosed with HTN. The
clinicopathological characteristics of men with and with-
out HTN were comparable, except that a Gleason score of
>8 was more common among the men with HTN (Supple-
mentary Table 2).
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Fig. 2. Survival curves of men with CRPC treated with docetaxel chemo-
therapy according to HTN status. Progression-free survival (A) and overall
survival (B) of 71 patients stratified by HTN comorbidity.

Comorbid HTN was not significantly associated with
PES or OS in either univariate or multivariate analyses.
Thus, the HR (95% CI) for PFS, and OS in univariate analy-
sis were 0.92 (0.55—1.52; P=0.76) (Fig. 2A) and 1.06,
(0.59—1.86; P =0.84) (Fig. 2B), respectively, and in multi-
variate analysis were 0.85 (0.46—1.53; P=0.60) and 1.00
(0.51-1.92; P=1.00), respectively, after adjustment for
age, PSA levels at diagnosis, Gleason score, and clinical
stage (Supplementary Table 4).

In the cohort of docetaxel, 12 men (16.9%), 13 (18.3%),
18 (25.4%), and 15 (21.1%) were comorbid with dyslipide-
mia, diabetes mellitus, chronic kidney disease, and cardio-
vascular disease, respectively. However, comorbidities with
dyslipidemia, diabetes mellitus, chronic kidney disease, and
cardiovascular disease were not associated with prognoses in
patients treated with docetaxel (data not shown).

4. Discussion
The results of this study suggest that comorbidity with

HTN is a prognostic factor for OS in patients treated with
first-line ARAT agents (abiraterone or enzalutamide). We
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previously showed that men with HTN had a better progno-
sis than men without HTN after treatment with primary
ADT for metastatic prostate cancer [11]. In a preclinical
study, we found that activated mineralocorticoid receptor
(MR) signaling was associated with vulnerability to antian-
drogen therapy [19]. Mineralocorticoids have been shown
to inhibit AR activity [20], while MR antagonists directly
activate AR [21]. Thus, molecular effect of MR on AR
might be involved in sensitivity to antiandrogen therapy.
Thus, it is possible that the better therapeutic outcome of
men with HTN after treatment with ARAT agents in our
study is linked to enhanced MR signaling in men comorbid
with HTN. However, other causes of HTN such as salt
overload, obesity, psychiatric stress, cigarette smoking, and
alcohol dinging may also be involved in prognostic signifi-
cance of comorbidity with HTN in treatment with ARAT
agents. Although functional mechanisms of anticancer
effect differ between abiraterone and enzalutamide, both
agents inhibit AR signaling similar to ADT. Then, prognos-
tic significance of HTN is expected to be consistent
between abiraterone and enzalutamide although the sample
number in each ARAT agent is too small to perform robust
analysis in this study. However, further investigation on
this issue would be required in the future. The results of the
present study are also consistent with those of Goyal et al.,
who found that HTN was not associated with prognosis in
docetaxel-treated US residents with CRPC [22]. Taken
together, these observations support the conclusion that
HTN is significantly associated with survival in men treated
with hormone therapy, including primary ADT and ARAT
agents, but not with taxane chemotherapy.

Interestingly, several antihypertensive drugs have been
found to affect the proliferation and survival of prostate
cancer cells as well as the survival of prostate cancer
patients. In a prospective cohort study of men with prostate
cancer in the United Kingdom, the mortality rate of those
taking angiotensin-converting enzyme inhibitors and angio-
tensin II receptor blockers was lower than the men who
were not taking medications [23]. This finding is supported
by a preclinical study in a rat model of prostate cancer [24].
Because comorbidity with HTN was defined by regular
intake of antihypertensive agents, antihypertensive drugs
may influence the prognosis of prostate cancer patients
with HTN who are treated with ARAT agents. However,
the small sample number in this study did not allow us to
analyze the prognostic value of specific antihypertensive
drugs. In addition, because comorbidity with HTN was not
prognostic in docetaxel chemotherapy, favorable effects of
antihypertensive drugs might be specific for ARAT agents.

The present study has several limitations. The samples
size was relatively small, and the study design was retro-
spective. Only Japanese were included in this study. The
data on PSA level at diagnosis and Gleason score in a few
patients is missing. The detailed data on intake of antihy-
pertensive drugs and disease control are lacking. Comorbid-
ity with HTN was defined only by regular intake of
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antihypertensive agents, and some cases may therefore
have been overlooked. The accrual period of the docetaxel
cohort was long, and included the period before novel ther-
apies for CRPC were introduced (e.g., abiraterone acetate,
enzalutamide, radium-233, and cabazitaxel). In addition,
the competing risk of death by comorbid HTN may have
affected the results; we believe this to be unlikely because
the cause of death in this cohort was predominantly prostate
cancer.

This study showed that use of antihypertensive agents
has prognostic significance for men treated for prostate can-
cer with ARAT agents but not for those treated with doce-
taxel. This suggests that HTN could be a predictive marker
for response to a particular therapy. However, further inves-
tigations in other ethnic groups will be required to verify
these findings.
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