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Background: Many men receive 5-alpha reductase inhibitors (5ARIs) for ongoing treatment
of benign prostatic hyperplasia (BPH). The increased risk of cardiovascular complications
with 5ARIs has been documented in BPH studies and the occurrence of cerebral venous
thrombosis, presumably due to increased estrogen level following SARI use, was described
in multiple case reports. The objective of this study was to determine if SARIs with or
without alpha blockers (AB) were associated with an increased risk of venous thromboem-
bolism (VTE) in males with BPH.

Methods: We conducted a nested case—control study among a population of men ages 40—
79 who received at least one SARI or AB prescription for treatment of BPH between 1995
and 2015 in the UK-based Clinical Practice Research Datalink GOLD. Cases of incident
VTE (pulmonary embolism [PE] or deep venous thrombosis [DVT]) and matched controls
were identified from this population. We used descriptive analyses and conditional logistic
regression to evaluate the risk of VTE in users of SARIs compared to users of ABs.
Results: For SARI only users, the adjusted odds ratios (aORs), (95% CI) for VTE were 1.51
(0.98-2.32) in current SARI users and 1.23 (0.70-2.17) in recent/distant past, compared to
AB only users. However, the aOR (95% CI) in men who had 50 or more current SARI
prescriptions compared to users of ABs only was higher: 2.29 (1.144.63). For SARI with
AB use, the aORs, (95% CI) for VTE were 1.16 (0.64-2.10) in current SARI+AB users and
1.93 (0.71-5.25) in recent/distant past, compared to AB only users. The aOR (95% CI) in
men who had 50 or more current SARI+AB prescriptions compared to users of ABs only was
1.65 (0.64-4.26).

Conclusion: Current use of 5ARI, particularly long-term use, is associated with an
increased risk of incident idiopathic VTE compared to patients treated with AB use only.
Keywords: SARI, BPH, VTE, alpha blocker

Introduction
Benign prostatic hyperplasia (BPH) is a highly prevalent condition among older
men, which impacts quality of life, sexual function, and genitourinary health. Close
to 30% of men over the age of 50 have BPH.'? The two main drug classes
prescribed for management of BPH symptomatic relief are alpha-blockers (ABs)
and 5-alpha reductase inhibitors (SARIs) either alone or in combination.*

To the best of our knowledge, this is the first study to evaluate the risk of venous
thromboembolism (VTE) in relation to the use of SARIs. The closest comparisons
available are in studies that evaluated the risk of VTE and cardiovascular outcomes
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associated with testosterone use and androgen deprivation
therapy. Studies of cardiovascular safety in men who take
5ARIs are limited and have yielded conflicting results.
While some studies suggest dihydrotestosterone (DHT)
reduces cardiovascular disease risk, others suggest that
androgen (DHT and testosterone) suppression increases
the incidence of myocardial infarction (MI), stroke and
diabetes.*”” Other studies found an increased short-term
risk of VTE in testosterone users.® Since 5ARIs prevent
the formation of DHT, the active form of testosterone,”'°
it is possible that SARIs decrease the risk of developing
VTE. Multiple case reports have indicated 5ARI as
a potential cause of cerebral venous thrombosis potentially
due to increased serum estrone and estradiol levels.'""'?
Similarly, multiple studies have found an increased risk of

gynecomastia among users of 5ARIs,'>

possibly due to
an increase in estrone and estradiol levels.”?®?® These
hormones promote thrombus development and can thus
increase VTE risk.”’ 2

5ARIs have become widely used for management of
BPH; thus, it is important to understand the potential long-
term adverse or beneficial effects of their use in this
population that is typically older, has multiple comorbid-
ities and many known VTE risk factors that could con-
found the 5ARI-VTE relationship. To our knowledge,
these hormonal effects are not anticipated with ABs. In
this study, we evaluated the effects of SARIs compared to
an active comparator group, AB use (to control for con-
on the risk of VTE in
a population-based sample of men aged 40-79 with BPH
in the United Kingdom.

founding by indication),

Methods

This was a nested case—control study conducted using
Clinical Practice Research Datalink (CPRD) GOLD data
from years 1995-2015. CPRD GOLD is an ongoing long-
itudinal database, established in 1987, of over 400 general
practices in the UK. It contains data on a representative
sample of more than 10 million UK patients recorded by
general practitioners (GPs) using standard software and
coding systems. In addition to patient demographic infor-
mation, participating GPs record anonymized data that
includes medical diagnoses, prescriptions issued in pri-
mary care (including dosage and quantity), details of hos-
pital stays and specialist referrals, laboratory tests, lifestyle
details [such as smoking, body mass index (BMI), alcohol
use] and deaths. Large validation studies have demon-
strated the accuracy and completeness of data captured in

the CPRD GOLD for use in pharmacoepidemiologic
research.”> > This study is based in part on data from
the CPRD obtained under
Medicines and Healthcare products Regulatory Agency.

license from the UK

The data is provided by patients and collected by the
NHS as part of their care and support. This study was
approved by the Independent Scientific
(ISAC) for

Products Regulatory Agency database research (protocol

Advisory
Committee Medicines and Healthcare
no: 17_148R), and the protocol was made available to the
journal reviewers upon request.

The study population was comprised of 91,115 men
aged 40—79 in CPRD GOLD, who had a diagnosis of BPH
identified using Read codes and who had received at least
one prescription for a SARI (finasteride or dutasteride)
and/or an AB (alfuzosin, doxazosin, indoramin, prazosin,
tamsulosin and terazosin) for the treatment of BPH during
1995-2015.

Outcome

Cases were men with an incident idiopathic VTE [Read
code for Deep Venous Thrombosis (DVT) or Pulmonary
Embolism (PE)] after the electronic medical record start
date. We required all cases to have one or more years of
information in the CPRD before the index date, defined as
the date of the first VTE diagnosis in the cases or the
matched date for controls. Cases with cancer (except non-
melanoma skin cancer) or history of VTE prior to the
index date were excluded. Idiopathic VTE was defined as
VTE in the absence of a code for another proximate cause
(including immobility, prolonged hospitalization, frac-
tures, multiple traumas, orthopedic surgery involving
long bones or pelvis and, other major surgery) within 90
days prior to the first VTE diagnosis. Cases were required
to have 2 or more prescriptions for anticoagulants (includ-
ing unfractionated heparin, low-molecular-weight heparins
and fondaparinux) present on or within 90 days after the
VTE diagnosis date to increase the specificity of the case
definition.

Control Selection

From the base population, we matched up to four controls
to each eligible case on index date (same index date as
their matched case), year of birth (3 years), general
practice attended and the year the patient’s CPRD record
started (£3 years). The same inclusion and exclusion cri-
teria used in cases were applied to controls.
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Exposure- 5ARI and AB Use

A patient was considered exposed if they had at least one
prescription for a SARI in their record prior to the index
date. Patients were assigned to one of the following
mutually exclusive exposure categories based on the clo-
sest prescription prior to the index date: SARI only, or
S5ARI + AB (on the same date). We also evaluated SARI
exposure according to timing of use: We categorized expo-
sure as current use of SARI if the length of the last
prescription continued to the index date (where use was
defined as the prescription length + 30 days). Recent use
was defined as use that ended between 30 and 119 days
prior to the index date. Past use was defined as use that
ended between 120 days and less than 305 days prior to
the index date, and distant past use was defined as use that
ended 305 days or more prior to the index date.

In addition, we examined the number of SARI pre-
scriptions recorded before the index date (0, 1-6, 724,
25-49, 50+) and the total cumulative dose of SARI in
micrograms recorded before the index date (0, 1-999,
10009999, 10,000+) in current users, to assess whether
heavier use was associated with elevated risk of VTE. To
calculate the cumulative dose for each study participant,
we multiplied the number of pills in each prescription by
their strength and summed all prescriptions before the
index date.

The referent group was comprised of patients whose
most recent prescription prior to the index date was for an
AB only, regardless of how long before the index date it
was received.

Covariates

Information on covariates was derived from the patient
records and included known or suspected risk factors for
VTE: age, smoking status (never, past, current and
unknown), calendar time (to capture secular trends in
VTE risk and 5ARI or AB use), BMI (<24.9, 25-29.9,
>30 kg m-2, unknown) and comorbidities- (including dia-
betes [with/without end-organ damage], chronic kidney
disease (CKD), cerebrovascular disease, cardiovascular
disecase [MI, heart failure, peripheral vascular disease],
chronic obstructive pulmonary disease, dementia, hemiple-
gia, peptic ulcer disease, acquired immune deficiency syn-
drome, liver disease, connective tissue disease including
vasculitis, AIDS, alcohol abuse disorders, hypertension,
coagulopathies, and phlebitis). We defined each comorbid-
ity based on the presence of at least one Read code prior to

the index date. We then calculated a Charlson Comorbidity

Index (CCI) score for each patient>®>’

and categorized
them into 3 groups: 1-3, 4 and 5+.

Finally, we classified each case and control by
whether they switched between the study drugs (ABs
and 5ARIs) before the index date (yes/no) and by the
duration of BPH prior to the index date (<5 years and 5

+ years).

Data Analysis

We calculated crude and adjusted odds ratios (OR) and
95% confidence intervals (95% CI) to estimate the risk of
VTE in patients ever and currently exposed to SARIs (with
or without AB) at the index date in comparison with
patients ever exposed to AB only using conditional logistic
regression modelling for matched pairs using PROC
LOGISTIC using SAS statistical software (version 9.4,
Cary, NC: SAS Institute. Inc).

We evaluated covariates that were structurally deemed
to be confounders, based on directed acyclic graphs (his-
tory of phlebitis, diabetes, COPD, CVD, obesity, smoking,
CKD, hyperlipidemia, CCI score) to determine if they
were confounders of the SARI-VTE association. Each
covariate was added to the model one at a time, and the
relationship with the exposure and outcome was assessed.
If the addition of the covariate altered the measure of
association by at least 10%, it was included in the adjusted
model. The final model included BMI, CKD, switching
between SARIs and ABs, cardiovascular and cerebrovas-
cular disease separately and all other comorbidities were
summarized by CCI scores. We stratified the results by
age, BPH duration, switching between AB and 5ARI,
obesity status and CCI score to assess effect measure
modification (EMM).

We assessed the potential for residual confounding
in sensitivity analyses restricted to “healthy” cases and
controls (ie those with no diagnosis for VTE related
comorbidities such as cerebrovascular disease, coron-
ary heart disease, heart failure, COPD, autoimmune
disorders, diabetes and hypertension prior to the index
date). We also conducted sensitivity analyses where we
defined current use as use that ended within 14 days,
recent: 15-119 days, past: 120-305 days and distant
past: >305 days. Finally, we also conducted sensitivity
analyses where we compared 5SARI exposure to AB
only by recency of use, ie current, recent or past AB
use, instead of any use.

Clinical Epidemiology 2021:13
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Results

We identified 266 idiopathic VTE cases who met all study
criteria to which we matched 1061 controls. There were 64
(24%) cases and 218 (21%) controls exposed to a SARI only
at the index date, 33 (12%) cases and 130 (12%) controls
exposed to a SARI+AB and 169 (64%) cases and 713 (67%)
controls exposed to an AB only at the index date.

The distribution of potential VTE risk factors and
patient characteristics, as well as the bivariable OR esti-
mates and associated 95% Cls, are presented in Table 1.
VTE cases were more likely than controls to have a history
of cardiovascular disease, chronic kidney disease, phlebi-
tis, COPD, smoking and a higher body mass index (BMI
>30+). Sixty-two percent of cases had at least one comor-
bidity compared with 56% of controls and 37% of cases
had a Charlson comorbidity index score > 5 compared
with 31% of controls.

SARI users were older, more likely to have cardiovas-
cular and renal disease, and to have a longer BPH duration
compared to SARI + AB users or AB only users. See
Table 2.

The OR of VTE was slightly elevated in ever users of
SARIs only (adjusted OR [aOR] 1.41 (95% CI1 0.97-2.07))
and ever users of SARI+AB (aOR 1.27, 95% CI 0.72—
2.21) compared to AB only users. When we evaluated
current SARI use, the risk of VTE was slightly higher
(aOR 1.51, 95% CI 0.98-2.32) compared to AB only
use. The numbers were small in all analyses and all Cls
included 1.0. The OR for current use of 5SARI + AB
compared to AB only use and for non-current use of
SARIs only remained close to the null (aOR =1.16, 95%
CI 0.64-2.10), and (1.23, 95% CI 0.70-2.17), respectively
(Table 3). In the models where we evaluated current SARI
use, with or without concurrent AB use, the results were
attenuated (aOR= 1.38 (0.93-2.06)) compared to models
with SARI use alone versus AB (Table 4).

When we classified SARI exposure by number of pre-
scriptions and cumulative dose to evaluate the presence of
a dose response relationship, the risk of VTE was highest
in the highest use categories (Table 5): aOR =2.29, 95% CI
1.14-4.63 for current SARI users with 50 or more pre-
scriptions and aOR=2.15, 95% CI 1.18-3.92 for cumula-
tive dose of 10,000 mcg and higher compared to AB users.

In stratified analyses, there was no evidence of effect
modification by age [Supplement 1].

We evaluated BMI as a potential mediator on the
causal pathway between SARI use and VTE. However,

we did not observe any material change or reduction in
the effect size between the crude OR (OR Current SARI
only use = 1.36, 95% CI 0.92-2.03) and the BMI adjusted
OR (OR Current SARI only use=1.39, 95% CI 0.93-2.07).
We observed an increased risk of VTE (aOR=2.7, 95% CI
1.1-6.7) in current 5ARI only users who were obese
(BMI>30 kg/m?) compared to AB users [Supplement 2]
but the cell sizes were small. For men who were not obese
(BMI<30 kg/m?), the effect size was smaller (aOR=1.4,
95% CI 0.9-2.2), and the result is consistent with a null
effect. The pattern was similar in models where we eval-
uated the number and cumulative dose of S5ARI
prescriptions.

We evaluated effect measure modification by CCI
score. Due to the small cell sizes, we evaluated any current
5ARI use (ie with or without concurrent AB use) com-
pared to AB use. The risk of VTE increased with higher
comorbidity scores (test for trend p=0.01). For current
users of SARI=AB compared to AB use, the aOR of
VTE was 1.38, 95% CI (0.93-2.06); for men with a CCI
score of 1-3 the aOR was 0.94, 95% CI (0.48-1.82); for
men with a score of 4 the aOR was 1.53, (95% CI 0.71—
3.28) and for men with a score of 5+ the aOR was 1.57
(95% CI 0.90-2.75) [Table 4].

Redefining current use in a sensitivity analysis as
S5ARI wuse that ended within 14 days (instead of 30) of
the index date did not materially change the magnitude of
the effect estimates [Supplement 3].

There was no material difference in results when we
conducted sensitivity analyses to assess current SARI use
compared to current AB use [Supplement 4], nor were the
results meaningfully different from the main analysis when
we conducted sensitivity analysis restricted to the VTE
cases with no history of CKD, vasculitis or coagulopathy
(adjusted OR 1.66, 95% CI 0.97-2.83 for current SARI
use and 1.39, 95% CI 0.70-2.76 for current SARI+AB use,
compared to AB) [data not shown], or when we excluded
cases with diagnoses of hypertension, diabetes, hyperlipi-
demia, cerebrovascular disease, coronary heart disease,
heart failure, COPD, autoimmune disorders, and severe
liver disease prior to the index date.

Discussion

The results of our study on this population of men aged
40-79 years with treated BPH suggest that current SARI
use, particularly at high cumulative dose, is associated
with an increased risk of incident idiopathic VTE when
compared to patients treated with ABs only; aOR for any
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Table | Characteristics and Bivariate Odds Ratios in Venous Thromboembolism Cases and Matched Controls; BPH Patients Aged

40-79 in CPRD GOLD 1995-2015

Cases (n=266) Controls (n=1061) OR 95% ClI
Age at Index Date (years)
<60 23 (8.6) 87 (8.2) NA? NA?
60-69 66 (24.7) 267 (25.1) NA? NA?
70-74 60 (22.5) 233 (21.9) NA? NA?
275 118 (44.2) 478 (44.9) NA? NA?
Mean * Std. Dev 732 £84 73.2+8.3 NA? NA?
Index Year
1995-1999 6 (23) 24 (2.3) NA? NA?
20002004 37 (13.9) 148 (13.9) NA® NA?
2005-2009 95 (35.6) 377 (35.4) NA? NA?
2010-2015 129 (48.3) 516 (48.5) NA? NA?
Length of Record Before Index Date (Years)
Mean + Std. Dev 18.5 +4.6 19.4+4.3 0.96 0.93-0.99
BMI
<25 kg/m? 60 (22.6) 307 (28.9) Reference Reference
25-30 kg/m? 111 (41.7) 469 (44.2) 1.22 0.85-1.75
>30 kg/m? 75 (28.2) 218 (20.6) 1.86 1.25-2.78
Unknown 20 (7.5) 67 (6.3) 1.61 0.88-2.97
Mean * Std. Dev 26.0 £8.75 25.3 £7.74 1.01 1.00-1.03
Smoking Status
Non-Smoker 121 (45.5) 442 (41.7) Reference Reference
Current smoker 27 (10.2) 145 (13.7) 0.66 0.41-1.06
Past-Smoker 103 (38.7) 404 (38.1) 0.93 0.68—1.26
Unknown 15 (5.6) 70 (6.6) 0.75 0.39-1.44
Comorbidities at Index Date
Hypertension 74 (27.8) 266 (25.1) I.16 0.85-1.60
Diabetes 30 (11.3) 156 (14.7) 0.70 0.45-1.09
Diabetes End Organ Damage I (4.1) 43 (4.1) 1.01 0.49-2.08
Hyperlipidemia 40 (15.0) 143 (13.5) 1.17 0.77-1.76
Alcohol use 7 (2.6) 21 (2.0) 1.35 0.56-3.23
Chronic Obstructive Pulmonary Disease 37 (13.9) 109 (10.3) 1.46 0.96-2.21
Epilepsy 8 (3.0) 21 (2.0) 1.66 0.66—4.20
Autoimmune 38 (14.3) 115 (10.8) 1.37 0.93-2.04
Cardiovascular® 122 (45.9) 395 (37.2) 1.53 1.14-2.07
Stroke or TIA 41 (15.4) 142 (13.4) .19 0.80-1.76
Myocardial Infarction 22 (8.3) 102 (9.6) 0.83 0.51-1.37
Peripheral Vascular Disease 21 (7.9) 64 (6.0) 1.34 0.79-2.26
Chronic Heart Failure 24 (9.0) 62 (5.8) 1.67 1.00-2.80
Other 14 (5.2) 25 (2.4) 1.46 0.98-2.20
Chronic Kidney Disease 80 (30.1) 205 (19.3) 2.00 1.42-2.79
Severe CKD 37 (13.9) 103 (9.7) 1.63 1.04-2.55
Vasculitis NR NR 1.00 0.11-8.95
Coagulopathy 7 (2.6) 18 (1.7) 1.62 0.65—4.06
Phlebitis 31 (11.7) 53 (5.0) 2.85 1.72-4.74
(Continued)
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Table | (Continued).

Cases (n=266) Controls (n=1061) OR 95% CI
Dementia 7 (2.6) 20 (1.9) 1.37 0.57-3.27
Ulcer 27 (10.2) 96 (9.0) I.16 0.72-1.85
Non-melanoma skin cancer 22 (8.3) 79 (7.4) 1.13 0.68—-1.86
Prostatectomy 40 (15.0) 143 (13.5) I.16 0.77-1.74
Charlson Comorbidity Index Score
CCI: 1-3 108 (40.6) 507 (47.8) Reference Reference
CCl: 4 59 (22.2) 225 (21.2) 1.54 1.02-2.32
CCl: 5+ 99 (37.2) 329 (31.0) 1.90 1.26-2.88
CCl Score 4.18+2.07 3.96£1.89 1.10 1.04-1.17
Time Between BPH Diagnosis and Index Date
Less than | year 33 (124) 126 (11.9) Reference Reference
| — <2 years 25 (94) 104 (9.8) 0.92 0.51-1.64
2 — <5 years 72 (27.1) 310 (29.2) 0.89 0.56-1.41
5 - <10 years 90 (33.8) 350 (33.0) 0.98 0.63-1.54
210 years 46 (17.3) 171 (16.1) 1.03 0.62-1.70
Exposure at Index Date
AB only 169 (63.5) 713 (67.2) Reference Reference
5ARI + AB 33 (124) 130 (12.3) 1.09 0.70-1.69
S5ARI 64 (24.1) 218 (20.6) 1.26 0.90-1.77
Recency of Exposure Closest to Index Date
AB only 169 (63.5) 713 (67.2) Reference Reference
Current use of 5ARI 70 (26.3) 250 (23.6) 1.21 0.86-1.69
Recent/Past use of S5ARI 5(1.9) 21 (2.0) 1.02 0.38-2.74
Distant past use of 5ARI 22 (8.3) 77 (7.3) 1.22 0.73-2.05
Switch Between AB and ARI Before Index Date
No 183 (68.8) 727 (68.5) Reference Reference
Yes 83 (31.2) 334 (31.5) 0.99 0.73-1.35

Notes: *Matching factor. ®Cardiovascular disease includes Ischemic heart disease, Acute coronary syndrome, Stroke, pericardial disease, pulmonary hypertension, peripheral

vascular disease, chronic heart failure, coronary heart disease.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; NA, not applicable; NR, not reportable; Current use, 5ARI use less than 30 days prior to the index date;
Recent use, 5ARI use 31-119 days prior to the index date; Past use, 5ARI use 120-305 days prior to the index date; Distant past use, 5ARI use more than 305 days prior to

the index date.

current SARI use 1.51 (0.98-2.32). The increased risk of
VTE was higher in patients who had 50 or more SARI
prescriptions [aOR: 2.29 (1.14-4.63)]. This finding per-
sisted regardless of stratification by various potential con-
founders, further supporting the finding.

Our study was designed to control for confounding by
indication (BPH); we used an active comparator of AB
users rather than a non-exposed referent to control for
confounding by severity of BPH. Since men with BPH
have increased activity of the 5 alpha reductase enzyme,*
they may have a different risk of VTE compared to men
without BPH, regardless of treatment; thus, it was

important to use an active comparator. However, users of
5ARIs only in this study were less healthy than users of
AB only or of 5SARI+AB; thus, residual confounding by
indication may be present and could explain the elevated
risk found in this study. We must also consider, however,
the possibility that the active comparator group (AB users)
also had an increased baseline risk of VTE, and that 5SARI
use confers an even stronger risk of VTE than suggested
by this study.

Many men in this study were at high risk of VTE, that
is, they had multiple comorbidities and cardiovascular risk
factors. Our analysis stratified by CCI showed that the risk
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Table 2 Characteristics of Exposed and Unexposed Controls at Index Date: BPH Patients Aged 40—-79 in CPRD GOLD 1995-2015

5ARI Exposed (n=218)

5ARI+AB Exposed (n=130)

AB Exposed (n=713)

Age at Index Date (years)

<60 10 (4.6) 5 (3.9 67 (11.1)
60-69 50 (22.9) 39 (30.0) 148 (24.6)
70-74 34 (15.6) 29 (22.3) 135 (22.4)
275 124 (56.9) 57 (43.9) 252 (41.9)
Mean * Std. Dev 75.1+8.0 73.6x7.6 72.5+8.5
Index Year
1995-1999 6 (2.8) NR 18 (2.5)
20002004 34 (15.6) 9 (6.9) 105 (14.7)
2005-2009 77 (35.3) 35 (26.9) 261 (36.6)
20102015 101 (46.3) 86 (66.2) 329 (46.1)
BMI
<24 kg/m? 74 (33.9) 28 (21.5) 205 (28.8)
25-30 kg/m? 90 (41.3) 64 (49.2) 315 (44.2)
>30 kg/m? 40 (18.4) 33 (25.4) 145 (20.3)
Unknown 14 (6.4) 5@3.9) 48 (6.7)
Smoking Status
Non-Smoker 92 (42.2) 61 (46.9) 289 (40.5)
Current smoker 28 (12.8) Il (8.5) 106 (14.9)
Past-Smoker 80 (36.7) 53 (40.8) 271 (38.0)
Unknown 18 (8.3) 5(3.9) 47 (6.6)
Comorbidities
Hypertension 49 (22.5) 39 (30.0) 178 (25.0)
Diabetes 30 (13.8) 21 (16.2) 105 (14.7)
End organ damage 7 (3.2) 8 (6.2) 28 (3.9)
Hyperlipidemia 28 (12.8) 18 (13.8) 97 (13.6)
Cardiovascular 93 (42.7) 41 (31.5) 261 (36.6)
CVA or TIA 34 (15.6) 15 (11.5) 93 (13)
Myocardial Infarction 29 (13.3) 11 (8.5) 62 (8.7)
CHF 22 (7.8) 10 (6.1) 54 (6.1)
PVD 17 (7.8) 5(3.8) 42 (5.9)
Alcohol Abuse 7 (3.2) NR 10 (1.4)
COPD 22 (l0.1) 12 (9.2) 75 (10.5)
Epilepsy 7 (32) NR 14 (2.0)
Autoimmune 22 (l0.1) 12 (9.2) 8l (11.4)
CKD 57 (26.1) 25 (19.2) 123 (17.3)
Severe CKD 23 (10.6) 22 (16.9) 58 (8.1)
Vasculitis NR NR NR
Coagulopathy NR NR 12 (1.7)
Phlebitis 7 (32) 6 (4.6) 40 (5.6)
Prostatectomy 34 (15.6) 15 (11.5) 94 (13.2)
Dementia 7(32) 3(23) 10 (1.4)
Ulcer 20 (9.2) 18 (13.8) 58 (8.1)
Non-melanoma skin cancer 17 (7.8) 9 (6.9) 53 (7.4)
(Continued)
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Table 2 (Continued).

S5ARI Exposed (n=218) S5ARI+AB Exposed (n=130) AB Exposed (n=713)
Charlson Comorbidity Index Score
CCl: 1-3 98 (45.0) 54 (41.5) 355 (49.8)
CCl: 4 44 (20.2) 31 (23.9) 150 (21.0)
CCl: 5+ 76 (34.9) 45 (34.6) 208 (29.2)
Time between BPH diagnosis and Index Date
Less than | year 24 (11.0) 14 (10.8) 88 (12.3)
| — <2 years 17 (7.8) 20 (15.4) 67 (9.4)
2 — <5 years 66 (30.3) 29 (22.3) 215 (30.2)
5 —<I0 years 62 (28.4) 46 (35.4) 242 (33.9)
210 years 49 (22.5) 21 (l6.2) 101 (14.2)

Notes: Categorical variables are presented as N (%). Continuous variables are presented as Mean (SD).

Abbreviation: NR, not reportable.

of VTE increased with higher comorbidity scores (test for
trend p=0.01) similar to a previous study, which found that
patients with a CCI score of 4 and higher had a higher risk
of VTE.*® This supports the notion that there may be
residual confounding in this study and that higher morbid-
ity could explain the increased risk of VTE in SARI users.

To the best of our knowledge, this is the first study to
evaluate the risk of VTE in relation to the use of SARIs.
The closest comparisons available are in studies that eval-
uated the risk of VTE associated with testosterone use.

A study by Baillargeon et al’® found that testosterone
therapy was not associated with an increased risk of
VTE in middle-aged and older men with testosterone
deficiency. Since SARI inhibits the production of DHT,
a metabolite of testosterone, we expect SARI to have an
opposing effect on VTE compared to testosterone therapy,
ie an increase in VTE risk.

There is growing evidence that DHT has cardiovascu-
lar protective properties and an anti-inflammatory effect
that promotes endothelial health,”*° thus with inhibition of

Table 3 Crude and Adjusted Odds Ratios and Distribution of Exposure at Index Date Among Venous Thromboembolism Cases and
Matched Controls: BPH Patients Aged 40-79 in CPRD GOLD 1995-2015

Cases (n=266) Controls (n=1061) Crude OR Adjusted* OR
Any Exposure at Index Date
AB only 169 (63.5%) 713 (67.2%) Reference Reference
5ARI 64 (24.1%) 218 (20.6%) 1.26 (0.90-1.77) 1.41 (0.97-2.07)
5ARI + AB 33 (12.4%) 130 (12.3%) 1.09 (0.70-1.69) 1.27 (0.72-2.21)
Recency by Exposure at Index Date
AB only 169 (63.5%) 713 (67.2%) Reference Reference
Current use of 5ARI 44 (16.5%) 138 (13.0%) 1.36 (0.92-2.03) 1.51 (0.98-2.32)
Recent/Past/Distant past use of 5ARI 20 (7.5%) 80 (7.5%) 1.07 (0.63—1.82) 1.23 (0.70-2.17)
Current use of SARI + AB 26 (9.8%) 112 (10.6%) 0.99 (0.61-1.62) 1.16 (0.64-2.10)
Recent/Past/Distant past use of 5ARI + AB 7 (2.6%) 18 (1.7%) 1.67 (0.674.15) 1.93 (0.71-5.25)

Notes: Variables are presented as N (%). *Adjusted for cardiovascular disease, chronic kidney disease, switch, body mass index and CCI. Conditional on the matching

factors.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; Current use, 5ARI use less than 30 days prior to the index date; Recent use, 5ARI use 31-119 days prior
to the index date; Past use, 5ARI use 120-305 days prior to the index date; Distant past use, 5ARI use more than 305 days prior to the index date.
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Table 4 Crude and Adjusted Odds Ratios for the Association Between 5ARI Exposure and VTE Stratified by Charlson Comorbidity
Index Score; BPH Patients Aged 40—79 in CPRD GOLD 1995-2015

Cases (n=266)

Controls (n=1061)

Crude OR (95% Cl)

Adjusted* OR (95% CI)

All Patients
Recency of any 5ARI
AB only 169 (63.5) 713 (67.2) 1.0 (reference) 1.0 (reference)
Current use of 5ARI = AB 70 (26.3) 250 (23.6) 1.21 (0.86—1.69) 1.38 (0.93-2.06)
Recent/Past/Distant past use of SARI + AB 27 (10.2) 98 (9.2) 1.18 (0.74-1.88) 1.37 (0.82-2.30)

Comorbidity Score: 1-3

Recency of any 5ARI

AB only 80 (74.1) 355 (70.0) 1.0 (reference) 1.0 (reference)

Current use of 5ARI + AB 16 (14.8) 107 (21.1) 0.67 (0.37-1.19) 0.94 (0.48-1.82)

Recent/Past/Distant past use of 5ARI + AB 12 (1'1.1) 45 (8.9) 1.19 (0.60-2.35) 1.49 (0.72-3.08)
Comorbidity Score: 4

Recency of any 5ARI

AB only 35 (59.3) 150 (66.7) 1.0 (reference) 1.0 (reference)

Current use of 5ARI = AB 17 (28.8) 57 (25.5) 1.27 (0.66-2.44) 1.53 (0.71-3.28)

Recent/Past/Distant past use of 5ARI + AB 7 (11.9) 18 (8.0) 1.66 (0.64-4.27) 1.62 (0.55-4.73)
Comorbidity Score: 5

Recency of any 5ARI

AB only 54 (54.6) 208 (63.2) 1.0 (reference) 1.0 (reference)

Current use of 5ARI = AB 37 374) 86 (26.1) 1.66 (1.02-2.70) 1.57 (0.90-2.75)

Recent/Past/Distant past use of 5ARI + AB 8 (8.1) 35 (10.6) 0.88 (0.39-2.01) 0.75 (0.31-1.80)

Notes: Variables are presented as N (%). *Adjusted for age, cardiovascular disease, chronic kidney disease, switch, and body mass index. Conditional on the matching

factors.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; Current use, 5ARI use less than 30 days prior to the index date; Recent use, 5ARI use 31-119 days prior

to the index date; Past use, 5ARI use 120-305 days prior to the index date; Distant past use, 5ARI use more than 305 days prior to the index date.

DHT production (such as is seen with SARI use), an
increase in VTE risk among SARI users compared to non-
users is biologically plausible.

While the mechanisms for developing VTE and athero-
thrombotic outcomes are not exactly the same, some parallels
can be drawn from studies that evaluated the risk of cere-
brovascular disease, MI, and strokes. A previous study
showed that androgen-deprivation therapies (ADTs) such as
gonadotropin-releasing hormone agonists and orchiectomy,
which reduce the serum levels of testosterone and DHT,
increase the risk of MI and stroke.*'*? Similarly, a study by
Yeap et al*® showed that higher DHT levels were associated
with a decreased risk of IHD mortality and optimal testoster-
one levels were associated with a reduced risk of all-cause
mortality. However, studies examining the relationship of
5ARI use to cardiovascular outcomes have had conflicting

findings. >+

One of the arguments against a causal explanation for
the increased risk of VTE with 5ARI use in previous
studies is that ADTs that cause harmful metabolic effects
and increase thrombotic events tend to suppress a broad
spectrum of androgens. Since SARIs only suppress DHT,
they cannot significantly increase cardiovascular risk
through this mechanism.*'*° In this study, we found an
increased risk with heavy use of SARIs, perhaps because
the suppression of DHT with low-dose 5ARI use is not
sufficient to cause harmful thrombotic effects, while at
higher cumulative dose, it may activate prothrombotic
pathways that are comparable to other ADTs. BPH
patients have high levels of DHT, which is corrected to
the physiologic range with 5ARI use.”' > With higher
doses, further suppression of DHT levels may have
a negative effect. This may explain why the users of
5ARIs with >50 prescriptions or >10,000 mcg of SARI
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Table 5 Crude and Adjusted Odds Ratios and Distribution of Exposure at Index Date by Number of Prescriptions and Cumulative
Dose (Mcg) of 5ARI Among Venous Thromboembolism Cases and Matched Controls: BPH Patients Aged 40-79 in CPRD GOLD

1995-2015
Cases (n=266) Controls (n=1061) Crude OR Adjusted* OR

Number of Prescriptions by Timing at Index Date
AB only 169 (63.5%) 713 (67.2%) Reference Reference
5ARI
Current 1-24 20 (7.5%) 64 (6.1%) 1.32 (0.77-2.29) 1.50 (0.84-2.69)
Current 2549 8 (3.0%) 36 (3.4%) 0.89 (0.39-2.04) 0.85 (0.36-2.04)
Current 50+ 16 (6.0%) 38 (3.6%) 1.78 (0.97-3.26) 2.29 (1.14-4.63)
Recent/Past/Distant past use 20 (7.5%) 80 (7.5%) 1.07 (0.63-1.82) 1.23 (0.70-2.18)
5ARI + AB
Current 1-24 8 (3.0%) 60 (5.7%) 0.52 (0.23-1.18) 0.62 (0.25-1.52)
Current 2549 10 (3.8%) 26 (2.5%) 1.74 (0.79-3.83) 1.96 (0.82-4.67)
Current 50+ 8 (3.0%) 26 (2.5%) 1.30 (0.58-2.92) 1.65 (0.64-4.26)
Recent/Past/Distant past use 7 (2.6%) 18 (1.7%) 1.75 (0.70-4.35) 2.03 (0.74-5.56)

Cumulative Dose of Prescriptions (mcgs) by Timing at Index Date

AB only 169 (63.5%) 713 (67.2%) Reference Reference
5ARI

Current 1-999 5 (1.9%) 19 (1.8%) 1.13 (0.38-3.36) 1.32 (0.43-4.05)
Current 1000-9999 17 (6.4%) 70 (6.6%) 0.99 (0.56-1.76) 1.09 (0.60-1.98)
Current 10,000+ 22 (8.3%) 49 (4.6%) 1.95 (1.12-3.41) 2.15 (1.18-3.92)
Recent/Past/Distant past use 20 (7.5%) 80 (7.5%) 1.06 (0.62—1.80) 1.22 (0.69-2.16)
S5ARI + AB

Current 1-999 5 (1.9%) 5 (0.5%) 4.03 (1.16-14.00) 5.47 (1.45-20.58)
Current 1000-9999 13 (4.9%) 52 (4.9%) 1.09 (0.56-2.12) 1.22 (0.58-2.57)
Current 10,000+ 8 (3.0%) 55 (5.2%) 0.58 (0.26-1.30) 0.67 (0.27-1.64)
Recent/Past/Distant past use 7 (2.6%) 18 (1.7%) 1.66 (0.67-4.14) 1.90 (0.70-5.19)

Notes: Variables are presented as N (%). *Adjusted for cardiovascular disease, chronic kidney disease, switch, body mass index and CCI. Conditional on the matching

factors.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; current use, 5ARI use less than 30 days prior to the index date; Recent use, 5ARI use 31-119 days prior
to the index date; Past use, 5ARI use 120-305 days prior to the index date; Distant past use, SARI use more than 305 days prior to the index date.

in our study were at an increased risk of VTE, while in
patients at lower cumulative doses/number of prescrip-
tions, there was a near null effect.

Our study has several strengths. First, we used
a longitudinal primary care database with high accuracy of
diagnoses and completeness of drug prescription data. We
found known risk factors to be independently associated
with the risk of VTE (ie, history of fractures, surgeries,
cardiovascular comorbidities, phlebitis, CKD, extended
hospitalizations), providing confidence in the quality of
the data and its ability to detect associations between BPH
treatments and risk of VTE. Second, we controlled our

analyses for a range of potential confounders, including

age, BMI, cardiovascular disease, CKD and others, using
the CCI score. Since information on diseases and drug
exposures was recorded in the absence of a study hypoth-
esis, there is no risk of recall bias. By excluding men who
had insufficient history in their medical record before study
start in both cases and controls, we reduced the risk of
including men with recurrent, rather than incident, VTE.
Furthermore, the mean record length before the index date
in this study was greater than 18 years enabling us to assess
the potential risks and benefits of long-term drug use.
There are some limitations to consider. We did not have
access to information regarding medication adherence
because drug information in the CPRD reflects written, not
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pharmacy dispensed or used prescriptions. However,
patients with repeat (2+) prescriptions are more likely to
have filled and used the medications and the risk of VTE
was higher in these patients, suggesting that non-use of
prescribed medications did not bias the results.

Objective measures of BPH severity are not captured in the
CPRD GOLD data, beyond the duration of BPH. Therefore,
we were unable to assess the impact of BPH severity on the
results. However, we minimized the heterogeneity of BPH
severity by only including patients with SARI and/or AB
prescriptions. Our study results suggest that the duration of
BPH is not an independent risk factor for VTE and that
stratification by BPH duration does not change the interpreta-
tion of our findings. We considered whether patients receiving
both ABs and 5ARIs instead of one or the other could be at
higher risk of VTE, but our findings did not support this.

In conclusion, our study provides evidence that high
cumulative dose of SARIs may increase the risk of incident
VTE in men with BPH who are free of major VTE risk
factors (eg cancers, fractures, surgeries and strong cardio-
vascular risk factors), potentially due to excessive inhibition
of the anti-inflammatory properties of DHT in promoting
endothelial health and preventing thrombogenesis.

Since BPH is a common condition in men and 5ARIs
are primary drug treatments, further studies of SARI use
are warranted to inform use in every day clinical practice.
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