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Background: Abiraterone acetate (ABI) therapy improves overall survival in metastatic
prostate cancer (PC) patients; however, this effect may be diminished by concurrent
comorbidities. We aimed to evaluate the influence of pre-existing chronic diseases and
concomitant medications on the course of ABI treatment among post-chemotherapy
patients with metastatic castration-resistant prostate cancer patients (mCRPC).

Methods: From the Polish National Health Fund database, we identified 93 post-
chemotherapy, mCRPC patients, who were qualified for ABI treatment in our oncology
center between 2014 and 2018. Survival curves and Cox proportional hazard models
(univariate and multivariate) were used to determine the predictors for longer time to
treatment failure (TTF) of ABI therapy.

Results:Median TTF was 9,8 months (IQR: 0,6–56,5) Factors associated with longer TTF
were: well controlled hypertension (HR, 0.59; 95% CI. 0.38–0.90; p = 0.02), stable
coronary artery disease (HR, 0.56; 95% CI, 0.33–0.95; p=0.03), the use of angiotensin
system inhibitor (ASi) (HR, 0.61; 95% CI 0.4–0.94; p = 0,02). Patients who were receiving
ASi had median TTF of 12.2 months versus 5.8 months in men who did not receive ASi
before ABI initiation. At the start of ABI therapy, the aforementioned groups did not differ in
terms of well-known prognostic factors: Gleason score, PSA level, or the number of
patients with visceral metastases. In a multivariate analysis, the use of ASi remained
statistically significant, even after adjustment for well-known oncological factors (HR, 0.57;
95% CI, 0.34–0.98; p = 0.04).

Conclusions: The use of ASi may enhance and prolong ABI therapy in post-docetaxel
mCRPC patients and may potentially be considered a new, non-oncological, predictive
factor for longer TTF. This association requires a prospective validation.
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INTRODUCTION

Prostate cancer (PC) is the most common cancer site diagnosed in
men in Europe and USA (1, 2). Over the last decade the therapy of
metastatic disease has been rapidly evolving and numerous new
agents which improve overall survival have been developed. One
of such important change was the approval of abiraterone acetate
(ABI). It is the second-generation antiandrogen which blocks the
synthesis of androgens via inhibition of CYP17A enzyme and
therefore impedes prostate cancer progression (3). Despite
relatively low prevalence of severe adverse events in registration
trials, a growing concern is arising regarding the safety of this drug
especially among those with cardiovascular (CV) comorbidities,
since the drug can induce or exacerbate hypertension, coronary
artery disease, rhythm disturbances or heart failure (4). There is
still an ongoing debate which group of patients may benefit most
from ABI therapy, therefore, the research of potential clinical
factors of predictive and prognostic value is essential.

The impact of CV diseases on the course of PC is an important
issue, since they are the most common comorbidities and the
second leading cause of mortality in this population (5, 6). In
addition, PC shares many similar risk factors that are responsible
for the development of cardiac or vascular diseases, which may
explain their high co-occurrence rate (7). Many individuals with
PC receive numerous agents for the treatment of co-existing CV
comorbidities (e.g., lipid-lowering drugs, antiplatelet therapy,
antihypertensives or glucose-lowering agents). This concurrent
use with a systemic anti-cancer therapy may presumably have an
influence on its tolerance and even effectiveness.

In our study we evaluated the influence of comorbidities and
concomitant medications on the course of ABI treatment among
men with metastatic castration resistant prostate cancer (mCRPC).
MATERIALS AND METHODS

Overview
The study provides the analysis of data from the Polish National
Health Fund Drug Program database and the European Health
Centre Otwock hospital’s records of mCRPC patients receiving
ABI with prednisone who progressed after chemotherapy with
docetaxel, and who were qualified for this treatment in our
oncology center in the period between 2014 and 2018. The
treatment consisted of abiraterone acetate (Zytiga®, Janssen)
1000 mg once a day with 10 mg of oral prednisone. Every
patient signed informed consent for the treatment and data
collection. Thee protocol of the study was approved by
Bioethical Committees at the Centre of Postgraduate Medical
Education in Poland (Resolution Number 83/PB/2016) and was
in accordance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Patients
In Poland, the use of ABI is regulated by the Drug Program
dedicated to mCRPC patients. Inclusion and exclusion criteria
were specified by the National Health Fund Department.
Frontiers in Oncology | www.frontiersin.org 2
Every Patient had a pathological diagnosis of prostate
adenocarcinoma, had a radiologic evidence of metastases, and
had received docetaxel therapy before ABI initiation. The disease
progression after docetaxel was defined as if a patient had two
consecutive increases in the prostate specific antigen (PSA)
concentration (from the lowest PSA level reached during or
after docetaxel) or radiographic evidence of disease progression
in bone or soft tissue with or without the rise of PSA value post
chemotherapy. All Men received androgen deprivation therapy
(surgical or pharmacological), with a serum testosterone level of
50 ng/dl or less (≤1.7 nmol/L) and had an Eastern Cooperative
Oncology Group (ECOG) performance status score of 0 or 1
(with “0” indicating that the patient is fully active and able to
carry on all pre-disease activities without restriction and “1”
indicating that the patient is restricted in physically strenuous
activity but is ambulatory and able to carry out work of a light or
sedentary nature (8). Patients had no significant hepatic
dysfunction (only Child-Pugh class A was eligible). Unstable or
uncontrolled cardiac disorders were not allowed as well. None of
patients had a history of prior abiraterone acetate, enzalutamide
or ketoconazole therapy. Patients’ characteristics were registered
before the initiation of ABI treatment.

Clinical Measurements and End Point
The primary endpoint of our analysis was the time to treatment
failure (TTF), described as the time period between the initiation
of ABI to the moment of its termination (defined as the cancer
disease progression, unaccepted toxicity, hypersensitivity to the
drug or the patient’s death).

Disease progression was defined as

I. the occurrence of at least two of the following three types of
progression in total:

1) clinical, defined as pain progression (inclusion of a new

opioid for more than 2 weeks), or the occurrence of
skeletal related events, or deterioration of the patient’s
performance status to at least Grade 2 (according to the
WHO classification),

2) biochemical, defined as PSA progression (three
consecutive increases in PSA, measured at least in
weekly intervals, with proven increases of at least
50% from ABI baseline),

3) radiological, defined as the appearance of at least two
new metastatic lesions, confirmed by scintigraphy.
II. Response Evaluation Criteria In Solid Tumors ver. 1.1
were met (regardless of other types of progression
mentioned above).

As potential factors influencing TTF several characteristics
were analyzed:

• Gleason score, metastases location, initial PSA and
testosterone level at ABI therapy initiation;

• Age, body-mass index (BMI),
• Medical history including co-existing CV diseases (i.e.,

arterial hypertension, coronary artery disease, dyslipidemia,
atrial fibrillation, cerebral stroke) and diabetes;
April 2021 | Volume 11 | Article 664741
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• Type and number of concomitant medications, e.g.,
b-blockers, lipid-lowering drugs (statins), hypoglycemic
medications (metformin) and with particular emphasis on
angiotensin system inhibitor (ASi), i.e., angiotensin-
converting enzyme inhibitors (ACE-I), angiotensin receptor
blockers (ARB).
Statistical Analysis
Statistical analyzes were performed using Stata® Software ver. 14.1
(StataCorp LLC). Nominal parameters were presented as a
percentage frequency. The c2 test for categorical variables, the
independent t-test for continuous, normally distributed variables
and the Mann-Whitney U for non-normally distributed variables
were used for comparisons between the groups. The r-Pearson and
Spearman correlation were used for assessing the association
between continuous variables. Survival curves and Cox
proportional hazard model (univariate and multivariate) were
used to determine the predictors for longer TTF during ABI
treatment. A level p<0.05 was recognized as statistically significant.
RESULTS

According to the Polish National Health Fund Drug Program
database, 93 patients were qualified for ABI therapy (mCRPC
patients who received prior docetaxel therapy) in our hospital
between January 2014 and December 2018. Till December 31,
2020, four men were still receiving ABI (4.3%). The baseline
characteristics of all the patients are summarized in Table 1.

Overall, median TTF was 9.8 months (IQR, 0.6–56.5). TTF
significantly correlated with Gleason score (r = −0.344; p<0.01), and
Frontiers in Oncology | www.frontiersin.org 3
initial PSA level (r = −0,53; p < 0.01).We did not find any significant
correlation between TTF and testosterone level (p = 0.19), BMI (p =
0.07), or the number of concomitant medications taken (p = 0.09).

The analysis of the influence of comorbidities on TTF is
presented in Table 2.

Patients who suffered from well-controlled hypertension or
stable coronary artery disease had significantly longer TTF than
those without such comorbidities (HR, 0.59; 95% CI, 0.38–0.90;
p = 0.02 and HR, 0.56; 95% CI, 0,33–0,95; p = 0.03, respectively).
There was also a positive but not significant trend for longer TTF
in diabetic group (HR, 0.60; 95% CI, 0.36–1.02, p = 0.06).

The association between concomitant medications and TTF
are presented in Table 3.
Out of 37 men who were receiving ASi, 35 (94.6%) individuals
had hypertension and/or CAD. Other two men receiving ASi had
a single diagnosis of heart failure.

From all types of medications, only the use of ASi correlated
with TTF, which was significantly longer in “ASi group” versus
those without such medications (12.2 months vs 5.8 months; HR
0,61; 95% CI, 0.4–0.94; p = 0.02). Kaplan-Meier curves are
presented in Figure 1.

After 6 months of ABI therapy, 36 patients met at least one
treatment failure criterium. In this group, there were 12 (33%)
deaths, and 18 (50%) disease progressions. Six (17%) men
stopped ABI due to other reasons (treatment toxicity, patient’s
resignation or lost to follow-up). Among 36 patients who were
not treated with ABI for more than 6 months, 27 individuals did
TABLE 1 | Characteristics of the patients at baseline.

Characteristics Value

Age
Median (IQR)—years 69 (43–88)
>=70 yr—n (%) 45 (48%)

BMI
Mean ± SD 27.7 ± 3,81

PSA [ng/mL]
Median (IQR) 87.7 (0,3–5 130)

Gleason score
Median (IQR) 8 (5–10)
>=8—n (%) 54 (58%)
Missing data—no. (%) 7 (8%)

Testosterone [ng/dl]
Median (IQR) 28.5 (1–50)

Medications
Median number of drugs taken—n. (IQR) 2 (0–9)
>3 drugs—n (%) 33 (35%)

Location of metastases
Bone only—n (%) 40 (43%)
Visceral metastases—n (%) 53 (57%)

Purpose of ABI termination
Disease progression—n (%) 59/89 (66%)
Death—n (%) 20/89 (22%)
Other*—n (%) 11/89 (12%)
*Defined as unacceptable toxicity, patient’s resignation or lost to follow-up for unknown reason.
TABLE 2 | The prevalence of comorbidities and their impact on TTF.

Comorbidity Patients,
n (%)

Total = 93

Median TTF
(without vs with
comorbidity)
[months]

HR (95%CI) p
value

Hypertension 39 (42%) 5.8 vs 12.0 0.59 (0.38–0.90) 0.02*
Coronary artery
disease

20 (22%) 6.5 vs 12.3 0.56 (0.33–0.95) 0.03*

Atrial fibrillation 16 (17%) 9.8 vs 8.0 0.78 (0.44–1.39) 0.39
Diabetes 19 (20%) 6.5 vs 12.3 0.60 (0.36–1.02) 0.06
Dyslipidemia 12 (13%) 9.8 vs 10.4 0.67 (0.35–1.29) 0.23
Cerebral stroke 8 (9%) 9.8 vs 6.5 1.50 (0.72–3.12) 0.28
Obesity# 26 (28%) 8.2 vs 11.5 0.97 (0,61–1.54) 0.88
April 2021 | Vo
lume 11 | Article 6
*Statistically significant; #Defined as body mass index ≥ 25.
TTF, time to treatment failure; HR, hazard ratio; CI, confidence interval.
TABLE 3 | Type of concomitant medications and their influence on TTF
(univariate analysis).

Type of
medication

Patients no. (%)
Total = 93

Median TTF (with vs without
medication) [months]

p
value

Angiotensin
system inhibitor

37 (40%) 12.2 vs 5.8 0.03*

B-blocker 36 (39%) 12.1 vs 7.0 0.29
Statin 23 (25%) 12.1 vs 8.2 0.22
Metformin 12 (13%) 9.9 vs 9.8 0.24
RAAS, renin-angiotensin-aldosterone system; TTF, time to treatment failure.
64741
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not receive ASi versus 9 men who received this medications (HR
for ABI discontinuation before 6 months: 0.31 (95% CI, 0.14–
0.71; p < 0.01).

The comparison of two study populations (with or without
ASi) is presented in Table 4.

Patients receiving ASi were statistically older (with more men
aged >=70 years) and were generally receiving more concomitant
medications that those without ASi. Two groups did not differ in
terms of prognostic factors i.e., initial PSA level, and Gleason
score (p>0.05).

After adjusting for oncological factors, the use of ASi
remained predictive for longer TTF (HR, 0.57; 95% CI, 0.34–
0.98; p = 0.04) (Table 5).
Frontiers in Oncology | www.frontiersin.org 4
Median overall survival (OS) was 14.3 months (IQR, 0.7–
63.5). A positive, but not statistically significant trend in overall
survival was seen among patients who received ASi treatment
(19.6 vs 10.8 months; HR for death, 0.68; 95% CI: 0.44–1.07;
p = 0.09).
DISCUSSION

To our knowledge this is the first study presenting data of the
positive effect of ASi on the course of ABI treatment in post-
chemotherapy mCRPC patients. In our analysis we found that
men receiving ASi had statistically longer TTF than those
without such medications. It must be highlighted that there
were no significant differences between these groups in terms
of well-known prognostic factors, such as Gleason score, or
initial PSA level before starting ABI treatment. Furthermore,
ASi population was statistically older, with more patients older
than 70 years, and received more concomitant medications.
Despite this, those individuals still achieved longer TTF than
those without ASi.

There are several possible explanations of such effect.
Renin-angiotensin-aldosterone system (RAAS) consists of
three major compounds: renin, angiotensin II, and
aldosterone and their main role is to impact blood pressure,
fluid volume, and sodium-potassium balance (9). In addition
to its main regulatory function of arterial pressure and water/
electrolyte homeostasis, it may also play a role in a cancer
growth and progression (10), as the components of RAAS are
present both in normal and neoplastic prostate tissue (11). In
vitro studies on prostate cancer cell lines, inhibition of RAAS
resulted in a decrease of angiogenesis, enhancement of
apoptosis and thus demonstrated anti-metastatic activity
(12, 13). Clinically, in a small sample study, the use of
captopril resulted in a lower PSA recurrence after radical
prostatectomy (14). The clinical interaction between RAAS
and cancer disease, was also the subject of phase II pilot study,
in which, heavily pretreated mCRPC patients received ARB
(candesartan). Six men (26.1%) showed a PSA response, and a
half of the patients presented an improved or stable
performance status during follow-up (15). Furthermore, in
FIGURE 1 | Kaplan-Meier curves of time to treatment failure depending on
the ASi therapy.
TABLE 4 | The comparison of the patients with or without ASi therapy.

Characteristics No ASi therapy
(n = 56)

ASi therapy
(n = 37)

p
value

Age, median (IQR) 67 (43–82) 72 (52–88) <0.01*
>=70 years old—n (%) 21 (38%) 24 (65%) <0.01*
Gleason score, median (IQR) 8 (6–10) 7 (5–9) 0.16
Initial PSA, median (IQR) 113.5 (0.3–5130) 76.7 (6.7–1000) 0.35
BMI, mean ± SD 27,1 ± 3,85 28.1 ± 3.63 0,07
Number of concomitant
medications,# median (IQR)

1 (0–8) 5 (1–9) <0.01*

Metformin 3 9 <0.01*
B-blocker 15 21 <0.01*
Statin 7 16 <0.01*

Purpose of ABI termination:
Death—n (%) 14 (25%) 6 (16%) 0.31
Disease progression—n (%) 32 (57%) 27 (72%) 0.12

Location of metastases:
Bone metastases only—n (%) 23 (41%) 17 (46%) 0.67
Visceral metastases—n (%) 33 (59%) 20 (54%) 0.64
*Statistically significant.
ASi, angiotensin system inhibitor; IQR, interquartile range; PSA, prostate-specific antigen;
BMI, body mass index.
TABLE 5 | Predictive factors determining time to treatment failure (multivariate analysis).

Characteristics HR (95% CI) p-value

Age (years) 1.01 (0.99–1.04) 0.250
Gleason score 1.25 (1.00–1.56) 0.046*
Initial PSA 1.00 (1.00–1.01) <0.001*
Bone metastases 3.19 (0.94–10.8) 0.062
Visceral metastases 0.73 (0.46–1.17) 0.192
Testosterone 0.99 (0.97–1.00) 0.156
The use of ASi 0.58 (0.34–0.98) 0.042*
April 2021 | Volume 11 | Article
*Statistically significant.
PSA, prostate specific antigen; ASi, angiotensin system inhibitor; HR, hazard ratio; CI,
confidence interval.
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recent study, the use of ARBs among PC patients, was
associated with lower prostate cancer specific and overall
mor ta l i ty (16) . Never the le ss , th i s s tudy inc luded
heterogeneous group of patients e.g., with localized or
metastatic disease, which could have an important impact
on survival results. Taking all the above results into account,
these data suggest that ASi may have an anti-neoplastic
potential and they deserve more attention in terms of
possible benefits to PC treatment.

Second, ABI impairs androgen biosynthesis by inhibition
of steroid 17-hydroxylase/17,20-lyase (cytochrome P450c17)
which induces several adverse hormonal changes, including a
decrease in cortisol levels and a compensatory increase in
adrenocorticotropic hormone (ACTH) (17). This adaptive
rise of ACTH leads to accumulation of steroids with
mineralocorticoid properties [e.g., aldosterone (18)] and
eventually results in adverse clinical complications such as
fluid retention, hypertension or hypokalemia (19). Cortisol
deficiency and its endocrine consequences, which can be
observed in patients receiving ABI, are inhibited by
the mandatory oral administration of glucocorticosteroids.
Our hypothesis is that the use of ASi decrease aldosterone
serum level, and thus, reduce the mineralocorticoid-related
toxicity of ABI. This in turn, may lead to a more tolerable
ABI therapy.

Another possible mechanism may be related to the
androgen axis. Androgen receptor activation by testosterone
or its more potent metabolite, dihydrotestosterone, is crucial
for PC growth and progression. Moreover, PC can synthesize
androgens itself, which may explain the acquisition of
castration resistance during androgen deprivation therapy
(20). Targeting this mechanisms may result in a reduced
cancer cell proliferation and disease stabilization (21).
Among men with mCRPC, maintaining the testosterone at
the lowest possible levels is associated with improved survival
and better prognosis (22). RAAS may be involved in the
regulation of a metabolism of male sex hormones, however
data regarding this issue is limited. In several studies,
testosterone serum levels were found to be significantly
lower among men receiving ASi (23, 24). In contrast,
however, there is also a study which does not support these
findings (25). In our analysis, we did not find any correlation
between the use of ASi and serum testosterone level.
Importantly, there were no statistically significant differences
in testosterone levels between ASi and no ASi group.

The course of anticancer treatment can be also affected by
pre-existing comorbidities, especially those related to the CV
system. Surprisingly, in several cancer types, CV diseases may
have a positive effect in terms of clinical outcomes, e.g., a
longer progression-free survival in patients with hypertension
who are receiving cardiotoxic therapy for kidney cancer (26).
Nevertheless, a recent large, retrospective analysis by Lu-Yao
et al., reported that patients with PC and CV comorbidities
experienced a higher short-term mortality (during the first 6
months) d ABI, than those without pre-existing CVDs (RR =
Frontiers in Oncology | www.frontiersin.org 5
1.16; 95% CI, 1.00–1.36 for those with a single CV
comorbidity, and RR = 1.56; 95% CI, 1.29–1.88 for men with
three or more CV diseases) (27). Our findings are drawing a
different landscape. Thirty-six patients had their ABI
treatment terminated at 6 months period. Among those who
did not receive ASi, the risk of ABI discontinuation was
significantly higher than in the ASi group. This observation
can be partially explained by the fact, drugs which block
RAAS, play a protective role for the CV system (28). For
example, both ACE-I or ARB reduce the risk of myocardial
infarct, stroke, or CV-related death (29, 30). In animal and in
vitro studies, the inhibition of the RAAS impairs plaque
development and suppress atherosclerosis (31). Additionally,
ASi may also reduce the risk of rhythm disturbances e.g., atrial
fibrillation (32). Moreover, the prophylactic use of ASi as a
prevention of CV complications showed promise in several
cancer types e.g., before anthracycline treatment for breast
cancer (33), among lymphoma (34), kidney (35), or pancreatic
cancer patients (36).

In our study, we found that the use of ASi is associated with
longer TTF, even after adjustment for well-known predictive,
oncological factors (multivariate analysis included: age, initial
PSA level, Gleason score, testosterone level, and the presence of
bone and visceral metastases). The use of ASi may potentially be
considered as a new, non-oncological, predictive indicator for
longer ABI therapy.

The design of the current study is subject to limitations.
First of all, this is a retrospective, single center study. Second,
the sample size is small, therefore, limiting the number of
factors included in the multivariate analysis. Third, we assessed
the use of concomitant medications at the moment of ABI
initiation, therefore we cannot be absolutely positive that the
concurrent therapies for comorbidities have been used for the
entire ABI treatment. Finally, although we report a positive
trend towards longer OS in men receiving ASi, this should be
interpreted with caution, since patients’ subsequent therapies
were considerably heterogeneous, which could have a crucial
effect on OS. Issues, which are presented in our study,
merit further investigations in prospective trials with
larger populations.
CONCLUSIONS

To our knowledge, this is the first study demonstrating clinical
benefits of ASi among post-chemotherapy mCRPC patients
during ABI treatment. In our study population, men who
received ASi, had statistically longer duration of ABI therapy
versus those without such therapy. The use of ASi may
potentially be considered as a new, non-oncological, predictive
indicator for longer ABI therapy. Our results, although based on
a small sample size, shed a new light on the usefulness of ASi
among PC patients. Further cardio-oncology research in the
form of prospective clinical trials are needed to confirm
these observations.
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