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Background and objective: Hypertension (HTN) has been linked to an elevated risk
of prostate cancer (PC) development and poorer prognosis in localized cases, and is
a common side effect of hormonal PC treatments. However, its relationship with
the prognosis of metastatic PC is still unclear. We assessed the prognostic role of
treatment-related HTN in patients with de novo metastatic hormone-sensitive PC
(mHSPC) undergoing androgen deprivation therapy (ADT) alone or in combination
with docetaxel or androgen receptor pathway inhibitors (ARPIs).
Methods: Our retrospective analysis included 100 patients with de novo mHSPC
treated with ADT, ADT + docetaxel, or ADT + ARPI between 2014 and 2021. Data
on clinical variables, antihypertensive drugs, and blood pressure were collected
from treatment initiation to 7 mo from ADT start. HTN development within 7 mo
from hormonal treatment initiation was graded according to the Common
Toxicity Criteria for Adverse Events version 5.0, and Cox analyses were performed
for time to castration resistance (TTCR) and overall survival (OS).
Key findings and limitations: In the overall population, grade (G) 2–3 HTN develop-
ment within 7 mo from hormonal treatment initiation was associated with
improved TTCR and OS at both univariate (TTCR: 19.8 vs 7.9 mo, hazard ratio
[HR]: 0.35, 95% confidence interval [CI]: 0.20–0.63, p < 0.001; OS: 42 vs 18.4 mo,
HR: 0.48, 95% CI: 0.26–0.87, p = 0.017) and multivariate (TTCR: HR: 0.41, 95% CI:
0.18–0.91, p = 0.029; OS: HR: 0.42, 95% CI: 0.18–0.97, p = 0.042) analyses. A
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subgroup analysis of the ADT + ARPI–treated population revealed 7-mo treatment-
related G2–3 HTN to be an independent positive prognostic factor in terms of both
TTCR and OS multivariate survival analyses (HR: 0.30, 95% CI: 0.09–0.95, p = 0.040,
and HR: 0.12, 95% CI: 0.02–0.57, p = 0.008, respectively).
Conclusions and clinical implications: The early development or worsening of HTN
under hormonal treatment may be associated with longer TTCR and OS in de novo
mHSPC patients. Larger studies are needed to validate these findings and explore
the potential underlying mechanisms.
Patient summary: In this report, we examined the outcomes of patients with meta-
static hormone-sensitive prostate cancer and their correlation with hypertension
toxicities. We found that patients who developed clinically significant blood pres-
sure toxicity early in oncological treatment experienced longer survival.

� 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PC) is the second most commonly diag-
nosed solid tumor among men [1]. Despite the good prog-
nosis generally associated with localized forms of PC, only
32% of patients with metastatic PC are alive 5 yr after the
diagnosis [2]. Among these patients, those with a diagnosis
of de novo metastatic disease have a worse prognosis [3].

Several factors may contribute to patients’ prognosis or
predict treatment response, and research is currently very
active on these essential domains.

The microenvironment of PC is characterized by a com-
plex interplay of multiple entities [4]. Previous studies
showed that the autonomic nervous system (ANS) con-
tributes to PC development and progression via different
mediators [5]. Specifically, peripheral fibers of the sympa-
thetic nervous system (SNS) can promote primary tumor
growth. In contrast, the SNS seems to become less relevant
in the later stages of PC, when the activation of the
parasympathetic nervous system (PNS) can promote metas-
tasis development and further cancer progression [6].

Furthermore, the renin-angiotensin system (RAS) has
been found to be active within the tumor microenviron-
ment and to influence cancer cell growth and metabolism
[7,8]. Dysregulation of local RAS has been suggested to
increase PC progression and metastasis [9].

Activation of the ANS and RAS can manifest through var-
ious phenomena, including variation in blood pressure (BP)
[10].

Several factors can influence the development of hyper-
tension (HTN) in patients with PC undergoing systemic
treatment. HTN development is a frequent side effect of
both androgen deprivation therapy (ADT) and androgen
receptor pathway inhibitors (ARPIs). These drugs represent
part of the current standard of care for metastatic PC [11].
While a recent meta-analysis [12] indicates that roughly
two-thirds of metastatic PC patients treated with ARPIs
experience clinically relevant HTN as a treatment-related
toxicity, with enzalutamide treatment exhibiting the high-
est incidence, in a cohort of 56 230 men with advanced PC
[13], those treated with abiraterone were at a higher risk
of developing adverse events related to diabetes, HTN, or
cardiovascular diseases than those treated with
enzalutamide.

Finally, a substantial portion of PC patients are receiving
treatment with antihypertensive medications before start-
ing oncological therapy, potentially influencing both the
development of HTN and the survival outcomes. Two retro-
spective single-center studies [14,15], conducted in patients
with metastatic castration-resistant PC (mCRPC) treated
with ADT and abiraterone acetate or enzalutamide, sug-
gested that in those with pre-existing HTN, treatment with
angiotensin-converting enzyme (ACE) inhibitors or angio-
tensin receptor blockers (ARBs) concomitant to ARPIs corre-
lated with superior survival outcomes.

Moreover, the use of antihypertensive b-blocker drugs
has been suggested to be associated with a lowered risk of
PC incidence [16] and biochemical recurrence after radical
treatment for high-risk localized PC [17].

Despite these insights, there remains a scarcity of data
concerning the relationship between HTN and outcomes
in metastatic PC, and a significant gap persists in under-
standing the correlation between the emergence of
treatment-related side effects in metastatic PC and patients’
response, disease progression, and OS.

This study addresses this knowledge gap by comprehen-
sively assessing, for the first time, the relationship between
the development of treatment-related HTN in patients
undergoing treatment for mHSPC and their key survival
outcomes.

2. Patients and methods

The analysis of this real-world evidence study has been
reported in accordance to the European Society for Medical
Oncology (ESMO) Guidance for Reporting Oncology real-
World Evidence (ESMO-GROW) recommendations [18].

2.1. Methods

This is a single-center retrospective study analyzing the
data extracted from electronic medical records of patients
who consecutively presented with de novo metastatic
hormone-sensitive PC (mHSPC) and initiated first-line ther-

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


E U R O P E A N U R O L O G Y O P E N S C I E N C E 7 1 ( 2 0 2 5 ) 1 – 1 0 3
apy at the Oncology Institute of Southern Switzerland
between the years 2014 and 2021.

Every patient either signed an informed consent for data
collection or was deceased at the time of data analysis. The
study was in the scope of a retrospective data collection
protocol approved by the local ethics committee, and was
in accordance with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. We
included patients with de novo metastatic PC who received
first-line treatment with either ADT monotherapy or ADT in
association with docetaxel or an ARPI, with available data
on BP measurement and/or antihypertensive drug at diag-
nosis and/or antihypertensive drug introduced within
7 mo from treatment start. The detailed inclusion and
exclusion criteria can be found in the Supplementary
material.
2.2. Clinical measurements and variable definitions

Several demographic and clinical parameters were gathered
to account for potential factors influencing time to castra-
tion resistance (TTCR) and overall survival (OS) in the mul-
tivariate (MV) Cox analysis, as shown in the Supplementary
material.

Hypertensive toxicity was defined according to the Com-
mon Toxicity Criteria for Adverse Events version 5.0 (CTCAE
v5.0). In this classification system, grade (G) 1 HTN is
defined as a systolic BP of 120–139 mmHg or a diastolic
BP of 80–89 mmHg. Since values below these thresholds
are not specified, we grouped them under the definition of
G0 HTN.

‘‘HTN_T2_AE’’ is a categorical variable that distinguishes
patients experiencing G 1 HTN toxicity, compared with
G0, within 7 mo ± 28 d from treatment initiation. This mea-
surement is based solely on BP readings and does not con-
sider the introduction of antihypertensive medications or
changes in BP values. The grouping (G0 vs G1 or higher)
was chosen to better explore the contribution of lower BP
values (G0), which could reflect the presence of frail
patients and potentially introduce a bias.

‘‘HTN_T2_CTCAEv5.0’’ represented a categorical variable
distinguishing patients experiencing mild or severe forms
(G 2) versus either no or nonsignificant HTN toxicities
(ie, G0/G1) within 7 mo ± 28 d from treatment initiation,
accounting for both antihypertensive drug introduction
and BP changes. Within the study, we grouped G0 and G1
HTN together, as neither represents clinically significant
HTN.

A comprehensive description of the HTN variables and
BP measurement procedures is provided in the Supplemen-
tary material and Supplementary Figure 1.

2.3. Study endpoints

Our primary objectives were to compare, in the overall pop-
ulation, TTCR and OS between patients who, within 7 mo
from hormonal treatment initiation, did or did not:

1. Introduce novel antihypertensive medications
2. Develop HTN_T2_AE
3. Develop HTN_T2_CTCAEv5.0
The secondary objective was to examine these outcomes
in the subgroup treated with ADT + ARPI.

The decision to assess toxicity within 7 mo from treat-
ment initiation was based on the proven reliability of the
same time point in assessing treatment response and prog-
nosis for mHSPC patients, as demonstrated by the well-
established use of prostate-specific antigen (PSA) measure-
ments at 7 mo as a validated surrogate marker [19,20].

The employed definitions of TTCR and OS [21,22] are
provided in the Supplementary material.

Exploratory analyses were performed to investigate the
activity of the SNS and PNS, systemic inflammation, and
RAS (Supplementary material).

Data extraction is described in the Supplementary
material.

2.4. Statistical analyses

We employed Pearson’s chi-square test to examine associa-
tions between categorical variables, comparing patients
with HTN G 2–3 versus G 0–1, as defined by
‘‘HTN_T2_CTCAEv5.0. The association between HTN and
OS or TTCR was depicted using Kaplan-Meier survival
curves, and group comparisons were made using the log-
rank test. Patients without a documented event were cen-
sored at their last follow-up. All statistical comparisons
were made with two-tailed tests.

We performed univariate (UV) analyses using Cox pro-
portional hazard models, incorporating HTN variables and
baseline clinical characteristics (eg, 7-mo PSA and disease
volume). Variables showing significance (p < 0.10) in UV
analyses were included in the MV Cox model, along with
significant HTN variables. To address the immortal time
bias, we conducted landmark analyses at 6 and 7 mo from
the start of treatment for both TTCR and OS.

In the ARPI-treated subgroup, we performed UV Cox
analyses for TTCR and OS only for variables significant
(p < 0.10) in the overall population. Those remaining signif-
icant were included in MV Cox analyses.

The results are presented as hazard ratios (HRs) with 95%
confidence intervals (95% CIs). All statistical analyses were
carried out using Jamovi software version 2.4.11. The
detailed statistical procedure is provided in the Supplemen-
tary material.

3. Results

3.1. Study population characteristics

The ESMO-GROW flowchart for real-world evidence studies
in oncology is presented in the Supplementary material.
During the inclusion period (April 2014–December 2021),
a total of 276 consecutive patients with mHSPC were
screened. Among them, 100 patients met the inclusion cri-
teria. Table 1 presents the baseline demographics of
patients at the time of treatment initiation (T0), distinguish-
ing between those treated with ARPI and those who were
not. The overall median TTCR was 11.2 mo (95% CI: 10.1–
14.2; range: 2–60.9), and the median OS was 34 mo (95%
CI: 26.7–43; range: 4.3–87.5). Within the study population,
46% of patients were on antihypertensive medication at T0,



Table 1 – Patient baseline demographics in ARPI-treated versus not ARPI-treated patients
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<0.2 15 (15) 7 (9.7) 8 (28.6)
0.2–4.0 29 (29) 21 (29.1) 8 (28.6)

Prognostic variable All patients (%; n = 100) ARPI-free regimen (n = 72; 72.0%) ARPI treated (n = 28; 28.0%) p value

Age (yr), median (IQR) 77 (min: 50 to max: 94) 80 (68, 84) 75 (67, 79) 0.080a

Age (yr)—categorical, n (%) 0.67b

<70 29 (29) 20 (27.8) 9 (22.1)
70 71 (71) 52 (72.2) 19 (67.9)

First-line docetaxel, n (%) 0.03b

0 89 (89) 61 (84.7) 28 (100)
1 11 (11) 11 (15,3) 0 (0)

First-line ARPI drug, n (%) <0.01b

Abiraterone 17 (17) 17 (60.7)
Enzalutamide 8 (8) 8 (28.6)
Apalutamide 3 (3) 3 (10.7)

Number of antihypertensive drugs at oncological treatment start, n (%) 0.88b

0 54 (54) 43 (59.7) 11 (39.2)
1 19 (19) 11 (15.2) 8 (28.5)
>1 27 (27) 18 (11.1) 9 (31.1)

Number of antihypertensive drugs introduced after oncological treatment start, n (%) 0.15b

0 66 (66) 47 (65.2) 19 (67.8)
1 21 (21) 16 (22.2) 5 (17.8)
2 13 (13) 9 (12.5) 4 (14.2)

Gleason score, n (%) 0.11b

7 10 (10) 8 (11.1) 2 (7.1)
8 13 (13) 9 (12.5) 4 (14.3)
9 38 (38) 24 (33.3) 14 (50)
10 11 (11) 7 (9.7) 4 (14.3)
NA 28 (28) 24 (33.3) 4 (14.3)

ISUP grade, n (%) 0.37b

<5 23 (23) 17 (23.6) 6 (21.4)
5 49 (49) 31 (43) 18 (64.3)
NA 28 (28) 24 (33.3) 4 (14.3)

CHAARTED criteria, n (%) 0.34b

Low volume 47 (47) 36 (50) 11 (39)
High volume 53 (53) 36 (50) 17 (61)

7-mo PSA level (ng/ml), n (%) 0.05b

>4 56 (56) 44 (61.1) 12 (42.9)
HTN T0 AE, n (%) 0.80b

G0/G1 26 (26) 17 (23.6) 9 (32)
G2/G3 38 (38) 26 (36.1) 12 (43)
NA 36(36) 29 (40.3) 7 (25)

HTN T2 CTCAE V5.0, n
(%)

0.28b

G0/G1 27 (27) 16 (22.2) 11 (39.28)
G2/G3 36 (36) 26 (36.1) 10 (35.7)
NA 37 (37) 30 (41.6) 7 (25%)

TTCR (d), median (95%
CI)

11.2 (10.1–14.2) 11.7 (10.2–16.3) 7.6 (4.9–15.6) 0.196c

TTCR censored
patients, n (%)

3 (3) 3 (4.2) 0 (0)

Follow up for TTCR
censored (mo),
median (95% CI)

NA (51.5–NA) NA (51.5–NA) NA

OS (mo), median (95%
CI)

34 (26.7–43) 35.3 (27.1–44.9) 28.5 (18.2–not reached) 0.612c

OS censored patients,
n (%)

26 (26%) 16 (22.2) 10 (35.7)

Follow up for OS
censored (mo),
median (95% CI)

72.5 (60.9–90.9) 72.5 (60.9–not reached) 80.5 (59.9–not reached)

ARPI = androgen receptor pathway inhibitor; CI = confidence interval; CTCAE = Common Toxicity Criteria for Adverse Events; G = grade; HTN = hypertension;
HTN T0 AE = hypertension toxicity grading at T0 (before treatment start) according to CTCAE v5.0 cutoff criteria for HTN toxicities (without accounting for
treatment intervention); HTN T2 CTCAE V5.0 = worst hypertension toxicity graded adverse event from T0 to T2 (7 mo from treatment start) according to CTCAE
v5.0 for HTN toxicities (accounting also for treatment intervention and pressure variations); IQR = interquartile range; ISUP = International Society of Urological
Pathology; NA = not available; OS = overall survival; PSA = prostate-specific antigen; TTCR = time from first-line start to castration resistance development.
a Wilcoxon test.
b Pearson test.
c Log rank test.
and 32% introduced at least one new antihypertensive med-
ication within 7 mo of beginning oncological treatment.

Furthermore, in the patient cohort, 63% had available
data on BP records and antihypertensive drugs at both T0
and within 7 mo from treatment start, enabling precise esti-
mation of CTCAE v5.0 HTN toxicities (HTN_T2_CTCAEv5.0).
Table 2 illustrates the comparison between patients experi-
encing G2–3 HTN_T2_CTCAEv5.0 toxicities within 7 mo
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from treatment start and those who did not. A substantial
proportion of patients experiencing HTN G2/G3 (72.2%,
p = 0.012) were found not to be on antihypertensive drugs
at the time of diagnosis, in stark contrast to those with
G0/G1 (33%) HTN toxicity. The two groups of patients (those
who developed and those who did not develop significant
HTN toxicities) did not significantly differ in terms of the
percentage of patients receiving docetaxel or an ARPI.

3.2. Impact of early-onset treatment-related HTN on
survival outcomes

In the overall population, evaluating HTN_T2_AE (which did
not account for the introduction of antihypertensive medi-
cations or BP changes), we found no statistically significant
differences between patients experiencing G 1 versus G0
HTN in a UV Cox analysis for both TTCR (HR: 0.72,
p = 0.344) and OS (HR: 0.52, p = 0.108; Supplementary
Tables 1 and 2).

In the patient cohort providing comprehensive BP and
antihypertensive treatment data (HTN_T2_CTCAEv5.0
cohort), we assessed the prognostic impact of
HTN_T2_CTCAEv5.0, which also accounted for the introduc-
tion of antihypertensive drugs and BP changes within the
first 7 mo of treatment.

HTN_T2_CTCAEv5.0 was an independent positive prog-
nostic factor for both TTCR and OS. This significance per-
sisted in the Cox MV analysis for both the overall
population and the subgroup treated with ARPIs.

The effects of HTN_T2_CTCAEv5.0 on patients’ TTCR and
OS in the overall population and results from UV and MV
Cox analyses are presented in Table 3, and Supplementary
Tables 3 and 4. The median TTCR for patients with G2/G3
HTN toxicity was 11.6 mo (95% CI: 8.8–26.9) compared with
6.33 mo (95% CI: 4.9–10.3) for patients with G0/G1 HTN
toxicity. Patients with G2/G3 HTN also had longer median
OS of 28.5 mo (95% CI: 24.5–44.9) than patients with G0/
G1 HTN (OS 18.5 mo; 95% CI: 13.1–39.5). Early treatment-
related HTN was a significant prognostic factor in both the
UV and the MV Cox analysis for both TTCR (HR: 0.35, 95%
CI: 0.20–0.63, p < 0.001, and HR: 0.41, 95% CI: 0.18–0.91,
p = 0.029, respectively) and OS (HR: 0.48, 95% CI: 0.26–
0.87, p = 0.017, and HR: 0.42, 95% CI: 0.18–0.97, p = 0.042,
respectively). To address the immortal time bias, we con-
ducted a landmark analysis at 7 mo from the start of treat-
ment, which confirmed the consistency of our findings for
both TTCR (HR: 0.39, 95% CI: 0.18–0.85, p = 0.018) and OS
(HR: 0.47, 95% CI: 0.25–0.87, p = 0.016), as shown in Supple-
mentary Table 5.

Within the ARPI-treated subpopulation, Cox analysis
exploring the effect of HTN_T2_CTCAEv5.0 on patient out-
comes is shown in Table 3, and Supplementary Tables 6
and 7. Early treatment-related HTN toxicity was a signifi-
cant prognostic factor in both the UV and the MV Cox anal-
ysis for both TTCR (UV: HR: 0.39, 95% CI: 0.14–1.04,
p = 0.052; MV: HR: 0.30, 95% CI: 0.09–0.95, p = 0.040) and
OS (UV: HR: 0.31, 95% CI: 0.10–0.99, p = 0.043; MV: HR:
0.12, 95% CI: 0.02–0.57, p = 0.008).

Kaplan-Meier curves describing TTCR and OS in patients
experiencing G2–3 HTN (red line) versus G0–1 HTN (blue
line) are shown in Figures 1 and 2, and Supplementary
Figure 2.

3.3. Effect of diastolic/systolic changes and antihypertensive
therapy on survival outcomes

In the UV Cox analysis, a positive correlation with OS was
observed for higher systolic and diastolic BP values at
7 mo from treatment initiation (p = 0.035 and p = 0.078,
respectively; Supplementary Table 8) and in patients with
an increased BP (both systolic and diastolic) after 7 mo com-
pared with the time of treatment initiation (>10 mmHg
change; systolic, p = 0.038; diastolic, p = 0.086), as shown
in Supplementary Table 2. However, statistical significance
was not reached in the MV analyses.

The administration of antihypertensive treatments,
whether initiated before or within 7 mo of oncological
treatment, did not show a correlation with TTCR or OS. This
lack of association persisted even when specifically examin-
ing patients treated with ACE inhibitors or ARBs (Supple-
mentary Tables 9 and 10).

3.4. Quality Assessment

The quality and completeness of the real-world data analy-
sis was evaluated considering the ESMO-GROW guidance
and self-reported informative score (Supplementary
Table 11).

4. Discussion

To the best of our knowledge, this is the first study that
explores the predictive and prognostic roles of treatment-
related HTN during hormonal treatments in patients with
de novo mHSPC.

In our analysis, we found that the development of clini-
cally significant HTN (ie, G2–3 based on CTCAE v5.0) within
7 mo from oncological treatment initiation for mHSPC pre-
dicted longer TTCR and was an independent prognostic fac-
tor for OS with statistically significant and clinically
relevant effect size in both the UV and the MV analysis, in
the overall population and among patients treated with
ADT plus an ARPI.

We did not detect any significant differences in terms of
well-known prognostic factors between the group of
patients experiencing G2–3 HTN and those who did not
experience it.

We further observed a trend toward longer survival in
patients with higher BP values or with an increase of
>10 mmHg in either systolic or diastolic BP at 7 mo from
treatment start. However, statistical significance was not
reached in the MV analysis.

In our analysis, the development of G2–3 HTN within
7 mo of treatment initiation did not correlate with a statis-
tically significant increase in PSA suppression (<0.2 ng/ml)
at 7 mo. However, its prognostic value for both TTCR and
OS remained significant in the MV Cox analysis even after
adjusting for 7-mo PSA levels. This finding strengthens the
evidence in support of an independent prognostic role for
treatment-related HTN, providing additional information
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Table 2 – Patient baseline demographics by HTN toxicity (HTN T2 CTCAE V5.0)

Prognostic variable All patients (%; n = 63) G0/1 HTN AE patients (n = 27; 42.9%) G2/3 HTN AE patients (n = 36; 57.1%) p value

Age (yr), median (range) 77 (min: 50 to max: 94) 80.0 (74–84) 76.0 (63.0–82.2) 0.16a

Age (yr)—categorical, n (%) 0.23b

<70 19 (30.2) 6 (22.2) 13 (36.1)
70 44 (69.8) 21 (77.8) 23 (63.9)

First-line ARPI, n (%) 0.28b

ARPI-free regimen 42 (66.7) 16 (59.3) 26 (72.2)
ARPI treated 21 (33.3) 11 (40.7) 10 (27.8)

First-line docetaxel, n (%) 0.66b

0 55 (87.3) 23 (85.2) 32 (88.9)
1 8 (12.7) 4 (14.8) 4 (11.1)

First-line ARPI drug, n (%) 0.69b

Abiraterone 12 (19) 6 (22.2) 6 (16.6)
Enzalutamide 6 (9.5) 3 (11.1) 3 (8.3)
Apalutamide 3 (4.7) 2 (7.4) 1 (2.7)

Number of antihypertensive drugs at oncological treatment start, n (%) 0.01b

0 35 (55.6) 9 (33.3) 26 (72.2)
1 15 (23.8) 9 (33.3) 6 (16.6)
>1 13 (20.6) 9 (33.3) 4 (11.1)

Introduction of antihypertensive drugs after oncological treatment start, n (%) <0.01b

0 30 (47.6) 27 (100) 3 (8.3)
1 33 (52.4) 0 (0) 33 (91.7)

Gleason score, n (%) 0.21b

7 7 (11.1) 3 (11.1) 4 (11.1)
8 7 (11.1) 1 (3.8) 6 (16.7)
9 25 (39.7) 10 (37) 15 (41.2)
10 9 (14.3) 6 (22.2) 3 (8.3)
NA 15 (23.8) 7 (26) 8 (22.2)

ISUP grade, n (%) 0.24b

<5 14 (22.2) 4 (15) 10 (27.8)
5 34 (54) 16 (59) 18 (50)
NA 15 (23.8) 7 (26) 8 (22.2)

CHAARTED criteria, n (%) 0.38b

Low volume 32 (50.8) 12 (44.4) 20 (55.6)
High volume 31 (49.2) 15 (55.6) 16 (44.4)

7-mo PSA level (ng/ml), n (%) 0.88b

<0.2 10 (16) 4 (14.8) 6 (16.7)
0.2–4.0 18 (29) 7 (26) 11 (31)
>4 35 (56) 16 (59) 19 (53)

TTCR (mo), median
(95% CI)

9.3 (7.6–12.2) 6.33 (4.9–10.3) 11.6 (8.8–26.9) <0.001c

TTCR censored patients,
n (%)

3 (4.8) 1 (3.7) 2 (5.6)

Follow-up for TTCR
censored (mo),
median (95% CI)

NA (51.5–NA) NA (13.6–NA) NA (51.5–NA)

OS (mo), median (95%
CI)

28.5 (24.5–44.9) 18.5 (13.1–39.5) 42 (26.1–65) 0.017c

OS censored patients, n
(%)

18 (28.6) 7 (26) 11 (30.6)

Follow-up for OS
censored (mo),
median (95% CI)

72.5 (50.4–not reached) 50.4 (31.8–not reached) 75 (55.8–not reached)

ARPI = androgen receptor pathway inhibitor; CI = confidence interval; CTCAE = Common Toxicity Criteria for Adverse Events; G = grade; HTN = hypertension;
HTN T2 CTCAE V5.0 = worst hypertension toxicity graded adverse event from T0 to T2 (7 mo from treatment start) according to CTCAE v5.0 for HTN toxicities
(accounting also for treatment intervention and pressure variations); ISUP = International Society of Urological Pathology; NA = not available; OS = overall
survival; PSA = prostate-specific antigen; TTCR = time from first-line start to castration resistance development.
a Wilcoxon test.
b Pearson test.
c Log rank test.
for prognostic stratification of patients undergoing hor-
monal treatment, beyond PSA suppression.

The incidence of HTN in mHSPC observed in our study is
comparable with the findings of a recent network meta-
analysis on the topic [12].

ARPIs are known to cause several cardiovascular side
effects, including HTN as one of the most frequent ones
[12,23], and their administration in association with ADT
showed a significant survival benefit for patients with
mHSPC compared with those with ADT monotherapy [22].
Our patient cohort demonstrates comparable survival
outcomes to those observed in larger real-world studies of
patients with de novo mHSPC during a similar time period
[24–26].

Within our cohort, no significant differences were
observed in terms of G2–3 HTN rate or survival outcomes
(TTCR or OS) when comparing patients treated with ADT
plus an ARPI with those receiving ADT alone or in combina-
tion with docetaxel. On one side, this could be attributed to
the study’s relatively modest sample size. However, there
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Table 3 – Univariate and multivariate Cox proportional hazard models for TTCR and OS

Prognostic variable Levels Univariate analysis Multivariate analysis
HR (95% CI), p value HR (95% CI), p value

Univariate and multivariate Cox proportional hazard models for TTCR in overall population
HTN T2 CTCAE V5.0 G0–1 – –

G2–3 0.35 (0.20–0.63), p < 0.001* 0.41 (0.18–0.91), p = 0.029**
Univariate and multivariate Cox proportional hazard models for OS in overall population
HTN T2 CTCAE V5.0 G0–1 – –

G2–3 0.48 (0.26–0.87), p = 0.017* 0.42 (0.18–0.97), p = 0.042**
Univariate and multivariate Cox proportional hazard models for TTCR in ARPI-treated population
HTN T2 CTCAE V5.0 G0–1 – –

G2–3 0.39 (0.14–1.04), p = 0.052* 0.30 (0.09–0.95), p = 0.040**
Univariate and multivariate Cox proportional hazard models for OS in ARPI-treated population
HTN T2 CTCAE V5.0 G0–1 – –

G2–3 0.31 (0.10–0.99), p = 0.043* 0.12 (0.02–0.57), p = 0.008**

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; CI = confidence interval; CTCAE = Common Toxicity Criteria for Adverse
Events; G = grade; HR = hazard ratio; HTN = hypertension; HTN T2 CTCAE V5.0 = worst hypertension toxicity graded adverse event from T0 to T2 (7 mo from
treatment start) according to CTCAE v5.0 for HTN toxicities (accounting also for treatment intervention and pressure variations); ISUP = International Society of
Urological Pathology; OS = overall survival; MV = multivariate; PSA = prostate-specific antigen; TTCR = time from first-line start to castration resistance
development.
Prognostic variables retained clinically significant a priori (see methods) or statistically significant (*p 0.10) as identified from the univariate survival models
were included in the multivariate model as covariates together with HTN (HTN T2 CTCAE V5.0).
The p value in parenthesis indicates the significance of a variable with more than two categories.
MV model in overall population included the following: age, first line ARPI, antihypertensive drugs at diagnosis, CHAARTED criteria, ISUP grade, PSA level at
7 mo from ADT start, and HTN T2 CTCAE V5.0.
MV model in ARPI-treated population included the following: ARPI type, anti-HTN drugs at diagnosis, PSA level at 7 mo from ADT start, and HTN T2 CTCAE V5.0.
Prognostic variables included in the multivariable model were retained statistically significant if **p 0.05.

Fig. 1 – Time to castration resistance (TTCR) by hypertension grading at 7 mo from treatment start in the (A) overall population and (B) ARPI-treated
population. Kaplan-Meier curves are resulting from the univariate analysis. ARPI = androgen receptor pathway inhibitor; CI = confidence interval.
was a significant baseline imbalance in disease aggressive-
ness between the ARPI and ADT ± docetaxel treatment
groups. The ARPI group had a higher proportion of patients
with high-risk PC features, including a greater percentage of
cases with International Society of Urological Pathology G
>5 (64.3% vs 43.0%) and CHAARTED high-volume disease
(61.0% vs 50.0), which may partially explain the observed
differences in outcomes between the two groups. Moreover,
a recent study by Schoen et al [27] based on extensive US
national registries revealed that in patients over 70 yr old
with de novo mHSPC, median survival has improved only
modestly in recent decades, even with the advent of more
potent combination therapies, when compared with their
younger counterparts. In our study, where 71% of patients
were over 70 yr, survival outcomes align closely with those
reported in national registries for this specific elderly popu-
lation with de novo mHSPC.

It is important to acknowledge that the comparison
among treatment groups was not part of our study’s end-
points. Moreover, the two groups defined by the develop-
ment of G2–3 HTN toxicities were well balanced in terms
of the treatment received for mHSPC. Finally, first-line ARPI
administration was considered in MV analyses for both
TTCR and OS in the total population, and a subgroup analy-
sis limited to the ARPI-treated population confirmed a
strong association between early HTN and survival
outcomes.

Side effect development during oncological treatment for
aggressive cancer has been associated with prolonged sur-
vival in various other cancers and settings [28,29]. When
looking specifically at HTN, its development as a side effect
of oncological treatments has been associated with
improved survival outcomes in different cohorts [30,31].

On one side, such findings, as well as those from our
study, might be explained by individual patients’ differ-
ences in pharmacokinetics [32], as those with reduced drug
metabolism may exhibit heightened drug activity, fostering
a higher risk of side effect development but also potentially
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Fig. 2 – Overall survival (OS) by hypertension grading at 7 mo from treatment start in the (A) overall population and (B) ARPI-treated population. Kaplan-
Meier curves are resulting from the univariate analysis. ARPI = androgen receptor pathway inhibitor; CI = confidence interval.
showing greater efficacy against cancer. In the PC context,
drug dosing is uniform for all mHSPC patients and the activ-
ity of ADT is monitored regularly through testosterone
blood level measurements. In our exploratory analysis, we
found no differences in testosterone levels between the
two groups and no association between testosterone levels
and survival outcomes. Moreover, our findings were consis-
tent in the overall population independently from first-line
ARPI exposure, suggesting the aforementioned interpreta-
tion to be less convincing in this context.

Alternative explanations could involve the specific activ-
ity of the drug employed for PC treatment, which might
induce both HTN toxicity and cancer inhibition through
the same mechanism. This could involve an effect on the
RAS activity, which impacts PC development and progres-
sion, as shown by previous studies [9]. When considering
PC treatments, abiraterone acetate inhibits androgen
biosynthesis by targeting steroid 17-hydroxylase/17,20-
lyase, thereby inducing a decrease in cortisol levels [33].
Meanwhile, ADT can cause endothelial dysfunction [34],
possibly impacting nitric oxide production and BP control
[35]. It is worth noting that cytokine release also plays an
essential role in the genesis of HTN [36], possibly linking
cardiovascular toxicity with tumor-related systemic
inflammation.

In mHSPC, an alternative explanation relies on interest-
ing preclinical and clinical evidence of nerve fibers consti-
tuting a significant component within the PC
microenvironment while potentially also playing a major
role in its development and progression [4]. In 2013, Mag-
non et al [6] outlined a PC progression scheme where SNS
activation controls initial tumor engraftment, giving way
to PNS dominance, which guides the final stages of the
disease.

In clinical studies, HTN has been linked to a higher risk of
PC development and localized PC progression, and the use
of b-blockers has shown an inverse correlation with these
outcomes [16,17].

Furthermore, a positive impact of ACE inhibitors and
ARBs has been observed on survival outcomes and recur-
rence among cancer patients [37], including those with gen-
itourinary malignancies [38]. Two studies demonstrated
that patients with mCRPC receiving ACE inhibitors or ARBs
for HTN at the initiation of ARPI treatment had prolonged
survival outcomes compared with those not receiving these
medications [14,15].

In our study, conducted in the mHSPC setting, both the
prior use and the introduction of antihypertensive medica-
tions did not emerge as significantly predictive factors for
TTCR or OS. This lack of association persisted even when
specifically considering the use of ACE inhibitors or ARBs.
The substantial differences in patient demographics, disease
stage, and treatment allocation between our study popula-
tion and those mentioned previously may account for the
discrepancies in results. Additionally, the small sample size
and retrospective design of all studies involved, including
ours, make it difficult to draw definitive conclusions and
may prevent the detection of smaller effects of ACE inhibi-
tors or ARBs.

Our observations collectively suggest that, in de novo
mHSPC, the early development of HTN under hormonal
treatments translates into improved cancer control.

We argue that HTN development during PC treatment
may represent not only an adverse effect of the therapeutic
regimen, but also a manifestation of diverse biological pro-
cesses and systemic factors capable of exerting influence on
the progression of PC.

Larger studies are needed to further validate HTN toxic-
ity as an independent prognostic factor, while translational
research could contribute to a deeper understanding of the
complex interplay between PC treatment, HTN-associated
systems, and PC cell biology, as well as their impact on
the clinical outcomes of PC patients.

4.1. Limitations and future perspectives

The main limitations of our study include its retrospective
single-center nature, relatively small sample size, and treat-
ment heterogeneity. Moreover, the reported toxicity data
were limited to what was recorded during oncological out-
patient visits.

To mitigate these issues, we conducted a multivariable
analysis considering prognostically relevant clinical vari-
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ables and performed subgroup analyses only for variables
that reached statistical significance in the overall popula-
tion. Additionally, HTN_T2_CTCAEv5.0 accounted for the
introduction of antihypertensive medication, which was
the determining factor in classifying 91.7% of patients with
G2–3 HTN toxicity. This approach reduces the bias associ-
ated with relying solely on BP readings, which can be influ-
enced by the location and circumstances of their
acquisition.

Finally, in our analyses, we did not account for all patient
comorbidities, which may limit the generalizability of our
findings; however, we attempted to mitigate this bias by
including only patients with an Eastern Cooperative Oncol-
ogy Group performance status of 0–1 and by accounting for
pre-existing HTN and patient age.

We underscore the need for larger datasets to validate
and extend the insights gained from our study.

5. Conclusions

Our findings reveal, for the first time, that the development
of HTN toxicity can be an independent prognostic factor for
longer TTCR and OS in de novo mHSPC patients undergoing
hormonal treatments. Our results, despite their retrospec-
tive nature and the small sample size, should be regarded
as hypothesis generating and encouraging for further simi-
lar research on larger, multicenter datasets.

Author contributions: Ricardo Pereira Mestre had full access to all the

data in the study and takes responsibility for the integrity of the data

and the accuracy of the data analysis.

Study concept and design: Salfi, Pedrani, Candan, Pereira Mestre, Gillessen.

Acquisition of data: Salfi, Pedrani, Candan, Merler, Ruinelli, Colombo.

Analysis and interpretation of data: Salfi, Pedrani, Candan, Merler, Urechie,

Turco, Pereira Mestre.

Drafting of the manuscript: Salfi, Pedrani, Merler, Castelo-Branco, Pereira

Mestre.

Critical revision of the manuscript for important intellectual content: Mer-

ler, Urechie, Testi, Castelo-Branco, Tortola, Turco, Vogl, Gabutti, Gil-

lessen, Pereira Mestre.

Statistical analysis: Pedrani, Ruinelli, Colombo.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: Vogl, Gillessen, Pereira Mestre.

Other: None.

Financial disclosures: Ricardo Pereira Mestre certifies that all conflicts of

interest, including specific financial interests and relationships and affili-

ations relevant to the subject matter or materials discussed in the manu-

script (eg, employment/affiliation, grants or funding, consultancies,

honoraria, stock ownership or options, expert testimony, royalties, or

patents filed, received, or pending), are the following: Silke Gillessen

received personal honoraria for participation in advisory boards for

Sanofi, Orion, Roche, Amgen, and MSD; other honoraria from RSI (Televi-

sione Svizzera Italiana); was an invited speaker for ESMO, Swiss Group for

Clinical Cancer Research (SAKK), Swiss Academy of Multidisciplinary

Oncology (SAMO), Orikata Academy Research Group, and China Anti-

Cancer Association Genitourinary Oncology Committee (CACA-GU); was

in the speakers’ bureau for Janssen Cilag; received travel grant from Pro-
teoMEdiX; received institutional honoraria for advisory boards from

Bayer, Janssen Cilag, Roche, and AAA International, including Independent

Data Monitoring Committee and IDMC; was a steering committee mem-

ber for Amgen, Menarini Silicon Biosystems, Astellas Pharma, Tolero Phar-

maceuticals, MSD, Pfizer, Telixpharma, BMS, and Orion; and reports

patent royalties and other intellectual property for a research method

for biomarker WO2009138392. All other authors declare the absence of

any commercial or financial relationships that could be construed as a

potential conflict of interest.

Funding/Support and role of the sponsor: None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2024.10.023.

References

[1] Culp MB, Soerjomataram I, Efstathiou JA, Bray F, Jemal A. Recent
global patterns in prostate cancer incidence and mortality rates. Eur
Urol 2020;77:38–52.

[2] Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin 2023;73:17–48.

[3] Finianos A, Gupta K, Clark B, Simmens SJ, Aragon-Ching JB.
Characterization of differences between prostate cancer patients
presenting with de novo versus primary progressive metastatic
disease. Clin Genitourin Cancer 2018;16:85–9.

[4] Bahmad HF, Jalloul M, Azar J, et al. Tumor microenvironment in
prostate cancer: toward identification of novel molecular
biomarkers for diagnosis, prognosis, and therapy development.
Front Genet 2021;12.

[5] McVary KT, Razzaq A, Lee C, Venegas MF, Rademaker A, McKenna
KE. Growth of the rat prostate gland is facilitated by the autonomic
nervous system. Biol Reprod 1994;51:99–107.

[6] Magnon C, Hall SJ, Lin J, et al. Autonomic nerve development
contributes to prostate cancer progression. Science
2013;341:1236361.

[7] George AJ, Thomas WG, Hannan RD. The renin–angiotensin system
and cancer: old dog, new tricks. Nat Rev Cancer 2010;10:745–59.

[8] Ager EI, Neo J, Christophi C. The renin-angiotensin system and
malignancy. Carcinogenesis 2008;29:1675–84.

[9] Almutlaq M, Alamro AA, Alamri HS, Alghamdi AA, Barhoumi T. The
effect of local renin angiotensin system in the common types of
cancer. Front Endocrinol (Lausanne) 2021;12:736361.

[10] Printz MP, Jaworski RL. Hypertension; overview. Encyclopedia of
endocrine diseases. Elsevier; 2018. p. 369–80.

[11] Turco F, Gillessen S, Cathomas R, Buttigliero C, Vogl UM. Treatment
landscape for patients with castration-resistant prostate cancer:
patient selection and unmet clinical needs. Res Rep Urol
2022;14:339–50.

[12] Cao B, Kim M, Reizine NM, Moreira DM. Adverse events and
androgen receptor signaling inhibitors in the treatment of prostate
cancer: a systematic review and multivariate network meta-
analysis. Eur Urol Oncol 2023;6:237–50.

[13] Lai LY, Oerline MK, Caram MEV, et al. Risk of metabolic and
cardiovascular adverse events with abiraterone or enzalutamide
among men with advanced prostate cancer. J Natl Cancer Inst
2022;114:1127–34.

[14] Wilk M, Wa{\acute{s}}ko-Grabowska A, Skoneczna I, Szmit S.
Angiotensin system inhibitors may improve outcomes of patients
with castration-resistant prostate cancer during abiraterone
acetate treatment—a cardio-oncology study. Front Oncol
2021;11:664741.

[15] Fiala O, Hošek P, Korunková H, et al. Concomitant antihypertensive
medication and outcome of patients with metastatic castration-
resistant prostate cancer receiving enzalutamide or abiraterone
acetate. Cancer Med 2024;13:e6853.

[16] Zahalka AH, Fram E, Lin W, et al. Use of beta-blocker types and risk
of incident prostate cancer in a multiethnic population. Urol Oncol
2020;38:794.e11–e16.

https://doi.org/10.1016/j.euros.2024.10.023
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0005
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0005
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0005
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0010
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0010
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0015
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0015
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0015
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0015
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0020
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0020
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0020
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0020
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0025
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0025
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0025
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0030
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0030
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0030
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0035
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0035
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0040
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0040
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0045
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0045
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0045
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0050
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0050
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0055
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0055
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0055
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0055
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0060
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0060
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0060
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0060
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0065
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0065
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0065
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0065
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0070
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0070
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0070
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0070
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0070
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0075
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0075
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0075
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0075
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0080
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0080
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0080


E U R O P E A N U R O L O G Y O P E N S C I E N C E 7 1 ( 2 0 2 5 ) 1 – 1 010
Grytli HH, Fagerland MW, Fosså SD, Taskén KA. Association
between use of b-blockers and prostate cancer–specific survival: a
cohort study of 3561 prostate cancer patients with high-risk or
metastatic disease. Eur Urol 2014;65:635–41.

[17]

[18] Castelo-Branco L, Pellat A, Martins-Branco D, et al. ESMO guidance
for reporting oncology real-world evidence (GROW). Ann Oncol
2023;34:1097–112.

[19] Harshman LC, Chen Y-H, Liu G, et al. Seven-month prostate-specific
antigen is prognostic in metastatic hormone-sensitive prostate
cancer treated with androgen deprivation with or without
docetaxel. J Clin Oncol 2018;36:376–82.

[20] Halabi S, Roy A, Guo SS, et al. Assessing PSA levels as prognostic of
overall survival (OS) in men with metastatic hormone-sensitive
prostate cancer (mHSPC). J Clin Oncol 2023;41:5070.

[21] Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer 2009;45:228–47.

[22] Tilki D, van den Bergh RCN, Briers E, et al. EAU-EANM-ESTRO-ESUR-
ISUP-SIOG guidelines on prostate cancer. Part II—2024 update:
treatment of relapsing and metastatic prostate cancer. Eur Urol
2024.

[23] Zhu X, Wu S. Increased risk of hypertension with enzalutamide in
prostate cancer: a meta-analysis. Cancer Invest 2019;37:478–88.

[24] Cattrini C, Soldato D, Rubagotti A, Zinoli L, Zanardi E, Barboro P,
et al. Epidemiological characteristics and survival in patients with
de novo metastatic prostate cancer. Cancers (Basel) 2020;12:2855.

[25] Corsini C, Garmo H, Orrason AW, Gedeborg R, Stattin P, Westerberg
M. Survival trend in individuals with de novo metastatic prostate
cancer after the introduction of doublet therapy. JAMA Netw Open
2023;6:e2336604.

[26] Wallis CJD, Malone S, Cagiannos I, Morgan SC, Hamilton RJ, Basappa
NS, et al. Real-world use of androgen-deprivation therapy:
intensification among older Canadian men with de novo
metastatic prostate cancer. JNCI Cancer Spectr 2021;5:pkab082.

[27] Schoen MW, Montgomery RB, Owens L, Khan S, Sanfilippo KM,
Etzioni RB. Survival in patients with de novo metastatic prostate
cancer. JAMA Netw Open 2024;7:e241970.
[28] Horvat TZ, Adel NG, Dang T-O, et al. Immune-related adverse
events, need for systemic immunosuppression, and effects on
survival and time to treatment failure in patients with melanoma
treated with ipilimumab at Memorial Sloan Kettering Cancer
Center. J Clin Oncol 2015;33:3193–8.

[29] van Not OJ, Verheijden RJ, van den Eertwegh AJM, et al. Association
of immune-related adverse event management with survival in
patients with advanced melanoma. JAMA Oncol 2022;8:1794.

[30] Österlund P, Soveri L-M, Isoniemi H, Poussa T, Alanko T, Bono P.
Hypertension and overall survival in metastatic colorectal cancer
patients treated with bevacizumab-containing chemotherapy. Br J
Cancer 2011;104:599–604.

[31] Rini BI, Schiller JH, Fruehauf JP, et al. Diastolic blood pressure as a
biomarker of axitinib efficacy in solid tumors. Clin Cancer Res
2011;17:3841–9.

[32] Maitland ML, Kasza KE, Karrison T, et al. Ambulatory monitoring
detects sorafenib-induced blood pressure elevations on the first day
of treatment. Clin Cancer Res 2009;15:6250–7.

[33] Attard G, Reid AHM, Auchus RJ, et al. Clinical and biochemical
consequences of CYP17A1 inhibition with abiraterone given with
and without exogenous glucocorticoids in castrate men with
advanced prostate cancer. J Clin Endocrinol Metab
2012;97:507–16.

[34] Challa AA, Calaway AC, Cullen J, et al. Cardiovascular toxicities of
androgen deprivation therapy. Curr Treat Options Oncol
2021;22:47.

[35] Campelo AE, Cutini PH, Massheimer VL. Testosterone modulates
platelet aggregation and endothelial cell growth through nitric
oxide pathway. J Endocrinol 2012;213:77–87.

[36] Patrick DM, Van Beusecum JP, Kirabo A. The role of inflammation in
hypertension: novel concepts. Curr Opin Physiol 2021;19:92–8.

[37] Fatima K, Ellahi A, Adil M, et al. The potential impact of renin-
angiotensin system inhibitors on cancer survival and recurrence: a
systemic review and meta-analysis. J Cardiovasc Pharmacol. In
press. https://doi.org/10.1097/FJC.0000000000001600.

[38] Sobczuk P, Szczylik C, Porta C, Czarnecka A. Renin angiotensin
system deregulation as renal cancer risk factor. Oncol Lett
2017;14:5059–68.

http://refhub.elsevier.com/S2666-1683(24)01414-9/h0085
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0085
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0085
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0085
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0090
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0090
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0090
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0095
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0095
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0095
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0095
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0100
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0100
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0100
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0105
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0105
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0105
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0110
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0110
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0110
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0110
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0115
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0115
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0120
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0120
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0120
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0125
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0125
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0125
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0125
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0130
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0130
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0130
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0130
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0135
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0135
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0135
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0140
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0140
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0140
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0140
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0140
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0145
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0145
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0145
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0150
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0150
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0150
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0150
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0155
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0155
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0155
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0160
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0160
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0160
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0165
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0165
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0165
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0165
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0165
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0170
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0170
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0170
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0175
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0175
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0175
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0180
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0180
https://doi.org/10.1097/FJC.0000000000001600
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0190
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0190
http://refhub.elsevier.com/S2666-1683(24)01414-9/h0190

	Treatment-related Hypertension as a Prognostic Factor for �De Novo Metastatic Hormone-sensitive Prostate �Cancer: A Retrospective Real-world Evidence Study
	1 Introduction
	2 Patients and methods
	2.1 Methods
	2.2 Clinical measurements and variable definitions
	2.3 Study endpoints
	2.4 Statistical analyses

	3 Results
	3.1 Study population characteristics
	3.2 Impact of early-onset treatment-related HTN on survival outcomes
	3.3 Effect of diastolic/systolic changes and antihypertensive therapy on survival outcomes
	3.4 Quality Assessment

	4 Discussion
	4.1 Limitations and future perspectives

	5 Conclusions
	Appendix A Supplementary data
	References




