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Antihypertensive treatment and risk of cancer: an individual
participant data meta-analysis

Emma Copland, Dexter Canoy, Milad Nazarzadeh, Zeinab Bidel, Rema Ramakrishnan, Mark Woodward, John Chalmers, Koon K Teo, Carl | Pepine,
Barry R Davis, Sverre Kjeldsen, Johan Sundstrém, Kazem Rahimi, on behalf of The Blood Pressure Lowering Treatment Trialists’ Collaboration*

Summary

Background Some studies have suggested a link between antihypertensive medication and cancer, but the evidence is
so far inconclusive. Thus, we aimed to investigate this association in a large individual patient data meta-analysis of
randomised clinical trials.

Methods We searched PubMed, MEDLINE, The Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov
from Jan 1, 1966, to Sept 1, 2019, to identify potentially eligible randomised controlled trials. Eligible studies were
randomised controlled trials comparing one blood pressure lowering drug class with a placebo, inactive control, or
other blood pressure lowering drug. We also required that trials had at least 1000 participant years of follow-up in
each treatment group. Trials without cancer event information were excluded. We requested individual participant
data from the authors of eligible trials. We pooled individual participant-level data from eligible trials and assessed the
effects of angiotensin-converting enzyme inhibitors (ACEIs), angiotensin II receptor blockers (ARBs), f3 blockers,
calcium channel blockers, and thiazide diuretics on cancer risk in one-stage individual participant data and network
meta-analyses. Cause-specific fixed-effects Cox regression models, stratified by trial, were used to calculate hazard
ratios (HRs). The primary outcome was any cancer event, defined as the first occurrence of any cancer diagnosed after
randomisation. This study is registered with PROSPERO (CRD42018099283).

Findings 33 trials met the inclusion criteria, and included 260447 participants with 15012 cancer events. Median
follow-up of included participants was 4-2 years (IQR 3-0-5-0). In the individual participant data meta-analysis
comparing each drug class with all other comparators, no associations were identified between any antihypertensive
drug class and risk of any cancer (HR 0-99[95% CI 0-95-1-04] for ACEIs; 0-96 [0-92—-1-01] for ARBs; 0-98 [0-89-1-07]
for B blockers; 1-01 [0-95-1-07] for thiazides), with the exception of calcium channel blockers (1-06 [1-01-1-11]).
In the network meta-analysis comparing drug classes against placebo, we found no excess cancer risk with any drug
class (HR 1-00 [95% CI 0-93-1-09] for ACEIs; 0-99 [0-92-1-06] for ARBs; 0-99 [0-89-1-11] for B blockers;
1-04 [0-96-1-13] for calcium channel blockers; 1-00 [0-90-1-10] for thiazides).

Interpretation We found no consistent evidence that antihypertensive medication use had any effect on cancer risk.
Although such findings are reassuring, evidence for some comparisons was insufficient to entirely rule out excess
risk, in particular for calcium channel blockers.

Funding British Heart Foundation, National Institute for Health Research, Oxford Martin School.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY
4.0 license.

Introduction

Although evidence for the benefits of antihypertensive
medication in the prevention of cardiovascular disease is
well established,' low adherence to treatment is a major
barrier to effective blood pressure control.? Non-
compliance with antihypertensive medication is often
due to concerns about possible adverse effects,’ including
an increased risk of developing cancer.*” Several pathways
have been hypothesised to explain possible associations
between raised blood pressure and cancer risk, but
findings have been inconsistent and mainly based on
observational studies.”® Most concerns have been
associated with off-target effects of specific drug classes,
such as possible carcinogenic effects of angiotensin II
receptor blockers (ARBs) on lung tissue and the

photosensitising effect of thiazide diuretics that could
increase the susceptibility of the skin to the effects of
sunlight exposure.*"

A series of meta-analyses of randomised controlled
trials, based on aggregate data, have investigated the
association between class-specific antihypertensive
treatment and risk of cancer, but findings have been
conflicting. One study has suggested that using ARBs
increases the risk of cancer,* whereas two subsequent
meta-analyses showed no such association."? Another
meta-analysis of randomised controlled trials found no
evidence linking any drug class with the incidence of any
cancer,” but an increased risk of cancer with the use of
angiotensin-converting enzyme inhibitors (ACEIs) in
combination with ARBs could not be ruled out. However,
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Research in context

Evidence before this study

We searched PubMed, MEDLINE, The Cochrane Central Register
of Controlled Trials, and ClinicalTrials.gov from Jan 1, 1966,

to Sept 1, 2019, without language restrictions, for randomised
controlled trials and meta-analyses investigating blood
pressure lowering treatment. We searched MEDLINE using and
expanding on the MeSH terms for “hypertension”, “blood
pressure”, and “antihypertensive agents” including possible
variations thereof and relevant antihypertensive drug classes.
Our search identified 100 trials eligible for inclusion in the
Blood Pressure Treatment Trialists’ Collaboration. Of the trials
and meta-analyses that reported cancer outcomes,

no consistent associations were identified between any
antihypertensive drug class and cancer risk.

Added value of this study

In this meta-analysis of individual patient-level data from

33 randomised controlled trials, to our knowledge, the one with
the largest sample size to date, we found no compelling
evidence that the use of any antihypertensive drug class had a
significant effect on the risk of cancer when compared with
placebo. Furthermore, we found no consistent evidence that

findings from existing meta-analyses based on summary
statistics are limited by the study design, because such
methods could not account for competing risks.
Additionally, these analyses could not assess the timing
of cancer events, since events occurring shortly after
treatment initiation are unlikely to be causally linked to
treatment since it is biologically plausible that a latency
period exists between exposure to the medication and
Ccancer occurrence.

The Blood Pressure Lowering Treatment Trialists’
Collaboration (BPLI'TC) is a collaboration of the principal
investigators of major global clinical trials of pharma-
cological blood pressure lowering treatment, coordinated
by the University of Oxford (Oxford, UK). The collab-
oration provides the most extensive individual patient-level
dataset of blood pressure lowering trials currently available
worldwide. Using the BPLTTC database, we aimed to
investigate class-specific effects of antihypertensive drugs
on the outcomes of cancer, cancer deaths, and site-specific
cancers.

Methods

Study governance and data source

For this meta-analysis of individual participant-level data,
we used the BPLTTC database,”* which currently has
access to individual participant data from randomised
controlled trials identified as described in the search
strategy and selection criteria section and the study
protocol.”* The study protocol was approved by the
Steering Committee and Collaborators before the data
was released for analysis and is available in the appendix

www.thelancet.com/oncology Vol 22 April 2021

the use of any antihypertensive drug class had a material effect
on the risk of developing breast, colon, lung, prostate, or skin
cancer. We found no association between risk estimates and
longer durations of treatment (up to 4 years on average).

The effect also did not vary across groups stratified by age, sex,
body-mass index, smoking status, or previous antihypertensive
use at baseline.

Implications of all the available evidence

Our study addresses a gap in the evidence for the safety of
antihypertensive medication. Together with the established
benefits of antihypertensive medication for the prevention of
cardiovascular disease, our study provides evidence against
antihypertensive treatment being associated with increased
cancer risk. These findings are reassuring for patients and
clinicians using these drugs and should encourage an
improvement in adherence to antihypertensive medications.
However, evidence for some cancer types was insufficient to
entirely rule out the possibility of some excess risk, in particular,
after a duration of treatment longer than that considered in our
study.

(pp 29-39). Ethical approval for the current study was
obtained from the Oxford Tropical Research Ethics
Committee (OXTREC Reference 545-14).

Search strategy and selection criteria

The search strategy and primary criteria for inclusion in
the BPLTTC have been published previously* and are
reported in the appendix (pp 2—4). Briefly, we searched
PubMed, MEDLINE, The Cochrane Central Register of
Controlled Trials, and ClinicalTrials.gov for randomised
controlled trials investigating pharmacological blood
pressure lowering treatments published between
Jan 1, 1966, and Sept 1, 2019. We searched MEDLINE
using and expanding on the MeSH terms for
“hypertension”, “blood pressure”, and “antihypertensive
agents”, including possible variations thereof and
relevant antihypertensive drug classes, without language
restrictions. The full search strategy for MEDLINE is
included in the appendix (p 10). Eligible trials for this
study were randomised controlled trials comparing one
blood pressure lowering drug class with a placebo,
inactive control, or other blood pressure lowering drug.
We also required that trials had at least 1000 participant
years of follow-up in each treatment group and reported
individual participant data on cancer events and timing
of diagnosis during follow-up. We excluded trials that did
not provide cancer event information.

Data extraction
Two investigators (DC, MN) independently screened
titles and abstracts for eligibility and any conflicts were

Correspondence to:

Prof Kazem Rahimi, Nuffield
Department of Women’s and
Reproductive Health, University
of Oxford, Oxford 0X1 2BQ, UK
kazem.rahimi@wrh.ox.ac.uk

See Online for appendix
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resolved through discussion with a third investigator
(KR). Individual participant data were requested from all
eligible trials (full list of variables requested is reported in
the appendix [pp 11-12]). Some trials included in the
collaboration had previously reported numbers of cancer
events, whereas others had not published this
information previously. Analyses were confined to
studies that compared one main drug class with a control
group (or groups) and studies that compared more
versus less intensive treatment regimens without a
specific drug class group were excluded. All participants
from eligible trials were included in the analysis. We
used the Revised Cochrane risk-of-bias tool® to assess the
risk of bias of individual trials.

We extracted individual participant data for baseline
characteristics (appendix pp 11-12) and follow-up blood
pressure measurements, cancer events, and cancer
deaths.

Outcomes

The primary outcome was any cancer event, defined as
the first occurrence of any cancer diagnosed after
randomisation. Cancer events in the trials were reported
using Classification of Diseases codes and Medical
Dictionary for Regulatory Activities classifications. These
cancer events include those prespecified as outcomes
and those reported as adverse events in each trial.
Secondary outcomes were deaths with cancer as the
underlying cause and site-specific cancers. The
site-specific cancers analysed included common cancers
and subtypes that have previously been reported to be
associated with blood pressure lowering treatment,
comprising of breast, colorectal, lung, prostate, and skin
cancers.” ™ We describe the source of these outcomes
for each trial, and whether or not these outcomes have
been adjudicated by an endpoint committee on the basis
of certain criteria, in the appendix (pp 13-17).

Data analysis

Characteristics of the participants included in each drug
class comparison at baseline were described using
summary statistics. All analyses were time-to-event
analyses done using Cox proportional hazards models,
stratified by trial, and were based on the intention-to-treat
principle. In some trials, the exact dates of cancer
diagnosis were not recorded in the trial database. In the
absence of exact dates, the date of cancer diagnosis was
approximated using the closest date to diagnosis on the
basis of the date the cancer was first reported in the study
or the date of death in participants for whom cancer had
not been diagnosed or recorded before death with the
underlying cause reported as cancer. Individuals were
censored at date of death or last follow-up date. We used
cause-specific fixed-effects Cox regression models for
cancer events, with additional censoring for non-cancer
deaths, to account for the competing risks. We fit cause-
specific hazard models and Fine and Gray subdistribution

hazard models to account for competing risk of
non-cancer death. The primary analyses were done using
data from cause-specific models, because they are
considered more appropriate for assessing the causes of
an event than Fine and Gray models.” Proportional
hazard assumptions were tested by plotting log-log plots
and by assessment of Schoenfeld residuals.

We examined the effects of each antihypertensive drug
class using the one-stage individual participant data
meta-analysis framework.® In these prespecified
analyses, the active group included participants who were
randomly assigned to a specific antihypertensive drug
class (ACEI, ARB, B blockers, calcium channel blockers,
or thiazide diuretics) and the control group includes
participants randomly assigned to all other comparator
groups, including placebo, standard treatments, or other
drug classes (or drug class combinations). Further details
of treatment comparison groups are described in the
appendix (pp 18-19). We estimated the heterogeneity of
cancer risk effects across each of these comparisons
using x2 tests. We also did a network meta-analysis to
investigate the class-specific effects of antihypertensives
compared with a placebo reference group.®® In this
prespecified analysis, the effects of drug classes were
analysed simultaneously by combining all available direct
and indirect evidence across the network of studies.?
Placebo-controlled trials contributed directly to the hazard
ratio (HR) estimates of each antihypertensive drug class
on cancer risk, and all other trials contributed indirectly.
We reported the proportion of direct evidence in each
comparison. We used fixed-effect network meta-analysis
models, and assessed inconsistency across treatment
effects using Q statistics. We have presented network
graphs of all pairwise treatment comparisons in the
network (appendix p 5). We have also reported the results
for each pairwise comparison, because the network meta-
analysis estimated the treatment effect of each drug class
compared with each other drug class. Network meta-
analyses were not done for site-specific outcomes due to
small numbers of events from placebo-controlled trials.

To assess any temporal variation in risk, we did a post-
hoc analysis to estimate the HR for each drug class
according to specific timepoints during follow-up, and
tested for heterogeneity and linear trend in risk across
the follow-up duration. In the time-stratified analysis,
patients contributed to the time of exposure at each time
period until they developed the outcome or were
censored. For cancer and cancer death outcomes, we
prespecified subgroup analyses of the stratified effects of
antihypertensive drug classes by baseline age, sex,
smoking status, and body-mass index (BMI). We also
stratified analyses based on previous use of antihyper-
tensive medication at baseline, to test the hypothesis that
true harmful effects are masked by widespread use of
non-randomised treatment before trial participation.
Heterogeneity of treatment effect across drug classes and
subgroups were assessed using y2 statistics. For the

www.thelancet.com/oncology Vol 22 April 2021



Articles

analyses stratified by follow-up period and patient
characteristics, and analyses investigating site-specific
cancer outcomes, we have presented unadjusted p values
for heterogeneity and adjusted p values for multiple
comparisons calculated using the Bonferroni method.
We did the following sensitivity analyses: competing risk
analysis using Fine and Gray subdistribution models to
determine whether bias was introduced into the analysis
due to competing risks; two-stage meta-analysis com-
bining estimates from individual trials using the fixed-
effect inverse-variance weighting approach to ensure that
the HRs from the two-stage approach were comparable
with those from the one-stage approach; and a
comparison of the effects of each antihypertensive drug
class on any cancer between trials that explicitly excluded
cancer patients at baseline, and therefore only reported
incident events, and those that did not exclude cancer
patients at baseline and consequently might have
reported recurrent events (appendix p 3).

We reported HRs with corresponding 95% Cls for
all analyses, calculated from time-to-event models, and

p values for all analyses of less than 0- 05 were considered
to indicate significance. All statistical analyses were done
using R (version 3.3). This study is registered with
PROSPERO (CRD42018099283).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

The systematic review identified 11 494 studies, from
which 100 trials were considered potentially eligible for
the BPLTTC studies. Individual patient data were
obtained from 51 trials (appendix p 4). From these,
12 trials were excluded because data on cancer events
during follow-up were unavailable (ie, only 39 reported
on cancer outcomes). A further six trials were excluded
because they did not include a drug class comparison
group, therefore 33 trials”” including 260447 individuals
had cancer outcome data available and included a drug

Drug class comparison* All trials
ACEl vs other*283032353745 ARB ys other?3839445354 B hlocker vs other***%  Calcium channel blockers  Thiazide vs
46:4950,54,55,5762-65.70 58-60/62,63,68-70.72:74 344447485859 Vs Other#28303133-4347485456,  gthp3*-32404144515261
57,60,61,66,6770717374
Trials 15 1 5 19 6 33
Participants 118574 99711 35169 150745 58185 260447

Women 44301 (37%) 37941 (38%) 12589 (36%) 69399 (46%) 27927 (48%) 106453 (41%)

Men 74271 (63%) 61769 (62%) 22578 (64%) 81344 (54%) 30261 (52%) 154489 (59%)
Participant age, years 66 (60-72) 67 (60-73) 64 (57-70) 66 (60-73) 68 (62-73) 66 (60-72)
Participant age at baseline, years

<65 50864/118569 (43%)  41441/99 673 (42%) 19152/35169 (54%) 65720/150731 (44%) 20108/58185 (35%)  112373/260393 (43%)

=65 67685/118569 (57%) 58232/99673 (58%)  16015/35169 (46%) 85009/150731 (56%) 38080/58185 (65%) 148517/260393 (57%)
Ethnicity

White 70174/104 648 (67%) 63770/97377 (65%) 29154/34073 (86%) 84752/138 435 (61%) 25962/55781(47%) 145853/221293 (66%)

African American 15799/104 648 (15%) 2746/97377 (3%) 2096/34 073 (6%) 20037/138 435 (14%) 13686/55781 (25%) 22312/221293 (10%)

Hispanic 9684/104 648 (9%) 4091/97377 (4%) 116/34 073 (<1%) 16376/138 435 (12%) 6690/55781 (12%) 21000/221293 (9%)

Asian 9472/104 648 (9%) 23877/97377 (25%) 3610/34 073 (11%) 17096/138 435 (12%) 9443/55781 (17%)  32493/221293 (15%)

Other 613/104 648 (1%) 2873/97377 (3%) 195/34073 (1%) 755/138 435 (1%) NA 3440/221293 (2%)
Pre-treatment systolic blood 147 (21) 149 (20) 166 (17) 155 (20) 151 (17) 151 (21)
pressure, mm Hg
Pre-treatment diastolic blood 84 (11) 86 (12) 95 (10) 88 (11) 86 (10) 86 (11)
pressure, mm Hg
Trial duration, years 45 (4-0-51) 44 (31-4-9) 5-0 (4-5-5-8) 40(2:8-52) 45 (3-7-55) 43 (3-0-5:0)
Previously on blood pressure 78018/93064 (83%) 77061/95008 (81%) 25546/34 073 (75%) 79058/97 810 (81%) 46265/54054 (86%) 167195/210978 (79%)
lowering medication
Current smoker 19519/118413 (16%)  16378/99567 (16%) 9273/35150 (26%)  30739/150463 (20%)  11132/58185(19%)  47199/260269 (18%)
BMI, kg/m? 28 (5) 28 (5) 28 (5) 28 (5) 28 (6) 28 (5)

<25 29830/117 465 (25%) 31800/99340 (32%) 8949/35033 (25%) 30568/111786 (27%) 15871/57435 (28%)  62862/221135 (28%)

25-30 51059/117465 (43%)  41924/99340 (42%)  15845/35033 (45%) 46248/111786 (41%) 22390/57435(39%)  95361/221135 (43%)

230 37040/117 465 (31%) 25616/99340 (26%) 10237/35033 (29%) 34967/111786 (31%) 19172/57435 (33%)  63409/221135 (29%)

Data are n, n (%), median (IQR), n/N (%),or mean (SD). ACEl=angiotensin-converting enzyme inhibitors. ARB=angiotensin Il receptor blockers. NA=not available. BMI=body-mass index. The number of studies
cited exceeds the total number of trials included in the mta-analysis because multiple references have been cited for some trials. Some percentages do not sum to 100 due to rounding. *Drug class comparison
groups are not mutually exclusive; some trials contribute data to more than one drug class (appendix pp 18-19).

Table: Characteristics of trials and participants

www.thelancet.com/oncology Vol 22 April 2021
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Figure 1: Effects of
antihypertensive drug
classes on risk of any cancer
(A) and cancer death (B)
Estimates based on individual
participant-level data meta-
analysis and network meta-
analysis. n/N=number of
events/number of
participants. HR=hazard ratio.
ACEl=angiotensin-converting
enzyme inhibitors.
ARB=angiotensin Il receptor
blockers. NA=not available.

562

A Any cancer

Trials(n)  Treatment Control HR (95% ClI)
group (n/N) group (n/N)
Drug class vs other comparisons
ACEl vs other 15 2440/40455 5463/78115 0-99 (0-95-1-04)
ARB vs other 11 3130/44485 4095/55228 0-96 (0-92-1-01)
B blocker vs other 5 822/16891 891/18276 0-98 (0-89-1-07)
Calcium channel blocker vs other 19 3005/60507 5019/90214 . 1-06 (1-01-1-11)
Thiazide vs other 6 1723/22587 2668/35602 1.01(0-95-1-07)
Pheterogeneity=0-080
Drug class vs placebo comparisons
ACEl vs placebo
Direct estimate 7 498/14912 499/14930 — 1-00 (0-88-113)
Network estimate —— 1-00 (0-93-1-09)
Proportion of direct evidence=37%
ARB vs placebo
Direct estimate 3 1001/17324 994/17359 1-00 (0-92-1-09)
Network estimate I 0-99 (0-92-1:06)
Proportion of direct evidence=69%
B blocker vs placebo
Direct estimate 0 wof ofe 0-70 (0-60-0-80)
Network estimate — 0-99 (0-89-1-11)
Proportion of direct evidence=0%
Calcium channel blocker vs placebo
Direct estimate 4 246/3783 243/3664 — e 0-98 (0-82-117)
Network estimate —— 1:04 (0-96-1-13)
Proportion of direct evidence=23%
Thiazide vs placebo
Direct estimate 1 17/416 13/424 » 129 (0-63-2-65)
Network estimate 1-00 (0-90-1-10)
Proportion of direct evidence=2%
T T 1
B Cancerdeaths
Drug class vs other comparisons
ACEl vs other 10 726/28720 1665/62904 1.02 (0:93-1-11)
ARB vs other 7 543/32347 782/42073 0-97 (0-87-1-09)
B blocker vs other 4 453/15802 449/16072 1.02 (0-90-1-17)
Calcium channel blocker vs other 11 760/33980 1514/60105 1-00 (0-91-1-10)
Thiazide vs other 2 605/18292 848/30205 —— 1-14 (1-03-1-26)
Pheccogency=0-29
Drug class vs placebo comparisons
ACEl vs placebo
Direct estimate 3 130/5384 118/5394 _t 1-09 (0-85-1-40)
Network estimate — 1.02 (0-86-1-22)
Proportion of direct evidence=47%
ARB vs placebo
Direct estimate 3 221/17345 209/17394 —m 0-98(0-81-1-19)
Network estimate —a 0-98(0-83-1:14)
Proportion of direct evidence=68%
B blocker vs placebo
Direct estimate 0 fe fe
Network estimate —.— 1-00 (0-80-1-24)
Proportion of direct evidence=0%
Calcium channel blocker vs placebo
Direct estimate 2 21/2815 29/2705 <t 0-69 (0-39-1-21)
Network estimate —_—— 0-97 (0-80-1-18)
Proportion of direct evidence=12%
Thiazide vs placebo
Direct estimate 0 wof wof
Network estimate R i S 1.05 (0-86-1-29)
Proportion of direct evidence=0%
0‘5 1.0 2-‘0
+“— —>

Favours lower cancer risk

Favours higher cancer risk
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class comparison group, and thus met the inclusion
criteria (table). Of the 33 trials included in the analysis,
16 (48%) trials that contributed to 11833 (79%) of
15012 cancer events had previously reported on cancer
risk or had been included in aggregate meta-analyses of
randomised controlled trials.*™ 3251 (21%) cancer events
from 12 trials included were published for the first time
in this study. 11 trials explicitly excluded patients with
cancer at baseline (2525 [17%)] events; appendix pp 13-17).
Cancer was a prespecified safety outcome in 13 trials that
contributed 10119 (67%) events (appendix p 13-17). In the
remaining 20 trials (4965 [33%] events), cancer was

(HR 1-00 [95% CI 0-93-1-09] for ACEIs; 0-99 [0-92-1-06]
for ARBs; 0-99[0-89-1-11] for 3 blockers; 1-04 [0-96-1-13]
for calcium channel blockers; 1-00 [0-90-1-10] for
thiazides). In the one-stage meta-analysis, no evidence
of effect modification by drug class was identified
(Preterogenciy=0- 080). In the network meta-analysis, no direct
evidence of an effect was observed for any of the drug
classes (figure 1A; appendix p 5).

In the one-stage meta-analyses comparing each drug
class against all other comparators, no association was
identified between antihypertensive treatments and

identified routinely as part of adverse event reporting. In - | A any cancer
13 trials (6663 [44%)] of 15012 events), an endpoint Treatment  Control HR (95% Cl)
committee adjudicated cancer events (appendix pp 13-17). group (n/N)  group (n/N)
The risk of bias assessment indicated that 29 trials were -

) i<k of bi d f ials had i<k of bi ACEl vs other (15 trials)
at low risk of bias, and four trials had some risk of bias | | 0. tiouyp 589/38526  1253/73809 i 103(093.113)
(appen.dlx p 20). o ) 1-2 years follow-up 509/37353  1060/71611 - 1.06 (0-95-1-18)

15 trials (118 574 participants) included an ACEI drug 2-3 years follow-up 474136097  1139/69224 ] 0-91 (0-81-1.01)
class comparison; 11 trials (99711 participants) included 3-4 years follow-up 408/34592  986/64715 0-90 (0-80-1.01)
ARBs; five trials (35169 participants) included {3 blockers; >4 years follow-up 460/29340  1025/55471 - 1.07 (0-96-1-20)
19 trials (150745 participants) included calcium channel | Allfollow-up 2440/40377  5463/78019 [ ] 0-99 (0-94-104)
blockers; and six trials (58185 participants) included | p=100
thiazides (table). The drug class comparisons were not | ARBvsother(11trials)
mutually exclusive, since some trials contributed data | 0-1yearsfollow-up 764142094 951/52042 -+ 098 (089-1.08)
to more than one comparison. For the network meta- | 1-2yearsfollow-up 741/40782  923/50567 -t 1:00(0-90-1-10)
analysis comparing drug classes against placebo 2-3 years follow-up 671/37439  900/47010 - 095 (0:86-1.03)
e L. ’ 3-4 years follow-up 531/31375  727/40449 —al 0-93 (0-83-1-04)
individual participant data for total cancer events was
available for 72812 participants from 13 placebo- ~4yearsfollow-up 123024297 594132500 T 096084109

P p P All follow-u 3130/44460  4095/55186 [ 0-97 (0:92-1:01)

. . P

controlled trials: seven included an ACEI treatment p=1:00
group, three included an ARB group, four 'included @ | Bblockervs other 5 trials)
calcium channel blocker group, and one included a 0-1 years follow-up 111/16180  167/17548 074 (0:58-0-94)
thiazide diuretic group. Individual participant data for 1-2 years follow-up 151/15874  183/17212 . 0:90 (0-72-111)
cancer death was available for 51038 participants | 2-3yearsfollow-up 163/15682  161/16938 N — 110 (0-88-1:37)
included in eight placebo-controlled trials: three included | 3-4years follow-up 157/15336  175/16503 P 093 (075-115)
ACEIs, three included ARBs, and two included calcium | >4yearsfollow-up 240/14361  205/14953 — 119(0-99-143)
channel blockers. No placebo-controlled trials were | Allfollow-up 822/16891  891/18272 - 0-98 (0-89-1:07)
identified that included a f blockers comparison group. | P10
Eight trials included more than two treatment groups: six | Caldum channelblockervs other (19 trials)
trials included three intervention groups and two trials | ° years follow-up 702058191 1216/86387 T 102(0937112)
included four treatment groups (appendix pp 13-19) -2 years follow-p 000155523 1036/82580 I HO7(097139)

Th di f 8 . P pp plil il : 2-3 years follow-up 621/52897  1017/78911 T 1.05 (0-95-1-17)

€ median age o partl'c1.pants acrgs.s all trials was 3-4 years follow-up 512/40626 822/63808 = 1.12 (1-00-1-26)
_66.years (.IQR 60-72). Additional partlupant characte?r- <4 years follow-up 51027810 928/47050 1o 1.07(0:96-1.20)
istics stratified by drug class comparison are presentedin | uoliow-up 3005/60494  5019/90190 - 106 (1.01-111)
the table. Details of participant characteristics for | ;100
individual trials are included in the appendix (p 21). Thiazide vs other (6 trials)

After a median of 4-2 years (IQR 3-0-5-0) of follow-up, | o-1yearsfollow-up 328/21186  561/33494 — 095 (0-82-1.08)
15012 participants were diagnosed with cancer across all | 1-2yearsfollow-up 546/32572  546/32572 - 1.05 (0-92-1-20)
33 trials. We found no evidence of an association between | 2-3yearsfollow-up 370/20052  552/31705 T 1.07(0-94-1-22)
antihypertensive drugs and any cancer when assessing all | 3-4yearsfollow-up 31519324 370/20052 T 105 (0:91-121)
comparison groups (hazard ratio [HR] 0-99 [95% CI | >4yearsfollow-up 353/14394 55221118 —=t 094 (0-83-1.08)
0. 95_104] for ACElIs: 0-96 [0 . 92_101] for ARBs: All follow-up 1723/22581  2668/35601 T 1.01 (0:95-1-07)
0-98 [0-89-1.07] for B blockers; 1-01 [0-95-1-07] for | P™% o7 . s
thiazides), with the exception of calcium channel blockers “«— —>
(1-06 [1-01-1-11]; figure 1A). We also did not find an Fa:s;xllt%i;agzi Eilﬁiishhé?lt‘:rcizcer
increased risk of cancer with use of any hypertensive drug

in the network analysis using placebo as a comparator (Figure 2 continues on next page)
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B Cancer deaths

p=1-00

0-1 years follow-up
1-2 years follow-up
2-3 years follow-up
3-4 years follow-up
>4 years follow-up
All follow-up
p=1.00

0-1 years follow-up
1-2 years follow-up
2-3 years follow-up
3-4 years follow-up
>4 years follow-up
All follow-up
p=1.00

Calcium channel blocker vs other (19 trials)

Thiazide vs other (6 trials)

Treatment Control HR (95% Cl)
group (n/N)  group (n/N)
ACEl vs other (15 trials)
0-1years follow-up 128/39779 352/76706 [ 0-92 (0-75-113)
1-2 years follow-up 191/38288 340/73788 —_— 1-32 (1-10-1-59)
2-3 years follow-up 154/36712 373/70635 — 0-92 (0-76-112)
3-4 years follow-up 120/34919 324/65464 —_— - 0-84 (0-68-1-04)
>4 years follow-up 133/29340 276/55471 —— 112 (0-91-1-39)
All follow-up 726/40377 1665/78019 — 1.02 (0:93-1-11)
p=1.00
ARB vs other (11 trials)
0-1 years follow-up 154/44071 201/54605 _— 1.01(0-82-1-25)
1-2 years follow-up 158/42176 220/52427 — 0-97 (0-79-1-20)
2-3 years follow-up 114/38276 159/48129 _t 103 (0-81-1-32)
3-4 years follow-up 67/31748 127/40968 _ 0-77 (0-57-1-04)
>4 years follow-up 50/24297 75/32500 RN I 1-06 (0-74-1.52)
All follow-up 543/44460 782/55186 —a— 0-97 (0-87-1-09)
p=1.00
B blocker vs other (5 trials)
0-1 years follow-up 56/16494 66/17889 _ 0-86 (0-60-1-23)
1-2 years follow-up 83/16120 82/17452 _ 1-02 (0-75-1-39)
2-3 years follow-up 86/15851 76/17093 R R 1-14 (0-84-1.56)
3-4 years follow-up 87/15435 85/16568 R P 1-04 (0-77-1-40)
>4 years follow-up 141/14361 140/14953 —_— 1-03 (0-81-1-30)
All follow-up 453/16891 449/18272 —. 1.02 (0:90-1-17)

111/59845 274/88950 —_— 0-98 (0-78-1-24)
146/56 658 322/84425 —— 0-91(0:74-112)
152/53564 317/80056 —— 0-96 (0-79-1-18)
144/40927 272/64406 e 1.06 (0-86-1:31)
207/27808 329/47050 —— 108 (0-90-1-30)
760/60494  1514/90190 - 1.00 (0-91-1-10)
126/22102 175/34928 +— 123 (0-98-1.55)
121/21237 189/33644 e 1.05 (0-84-1-32)
122/20480 186/32412 —— 1.06 (0-84-1:34)
129/19569 137/29251 1-46 (115-1-85)
107/14394 161/21116 . — 0-98 (0-77-1-25)
605/22581 848/35601 —m— 114 (1.03-1:26)
T 1
04 0 2.5
“— —>
Favours lower cancer  Favours higher cancer

risk with drug class ~ risk with drug class

Figure 2: Effects of antihypertensive drug classes on risk of any cancer (A) and cancer death (B), stratified by

follow-up duration

p values are for linear trend and heterogeneity adjusted for multiple testing. n/N=number of events/number of
participants. HR=hazard ratio. ACEl=angiotensin-converting enzyme inhibitors. ARB=angiotensin Il receptor

blockers.
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cancer deaths, with the exception of thiazide diuretics,
which were associated with an increased risk of death
caused by cancer (figure 1B). In the network meta-analysis
comparing each drug class against placebo, we found no
associations between antihypertensive treatments and
risk of cancer death. Across all associations, the network
meta-analysis estimates were similar to the individual
participant data meta-analysis estimates, with the

exception of the effect of thiazide diuretics on the outcome
of cancer death (figure 1B). Since no data were available
on cancer death outcomes for any placebo-controlled trials
with a thiazide diuretic drug class comparison, the
network estimate was based entirely on indirect evidence
from trials that included a thiazide diuretic group
(two trials) or a placebo group, but not both.

In a post-hoc analysis, we also found no pattern of
increasing or decreasing risk for any cancer or cancer
death over time associated with any antihypertensive
drug class (figure 2). Although there was some evidence
of heterogeneity in treatment effect across different time
periods for any cancer with ACEIS (Pyergenciy=0-004),
calcium channel blockers (Pjecrogeney=<0-0001), and
thiazides (Pyuerogeneiy=<0-0001), and for cancer death with
calcium channel blockers (P,qogeney=0-06) and thiazides
(Preterogenciy=<0-001), there was no indication that the risk
increased consistently over time (figure 2). In prespecified
subgroup analyses, we found no evidence for variation in
treatment effects across different age groups, sex, BMI
categories, smoking status, or previous use of anti-
hypertensive drugs (all p,.gener,>0 - 10; appendix pp 6-8).
The direct and network estimates from all pairwise
comparisons of individual drug classes and placebo are
presented in the appendix (p 22). We found no evidence
for inconsistency in treatment effects across the network
for any cancer or cancer death outcomes (p=0-60 for any
cancer; p=0-88 for cancer death).

We examined the effects of antihypertensive drug
classes on risks of breast, colorectal, lung, prostate, and
skin cancer compared with all other comparators
(figure 3). Across all drug classes and site-specific
cancers, we found no evidence of any associations, with
the exception of calcium channel blockers which were
associated with increased risk of prostate and skin
cancers. The excess risks for calcium channel blockers
on prostate and skin cancers were driven by the
comparison of calcium channel blockers compared with
ARBs (data not shown). We also examined these effects
according to duration of follow-up and found no
consistent temporal pattern in the risks for all drug
classes (all p=1-00; data not shown).

In the two-stage meta-analysis, the HRs were
comparable in magnitude with the results of the
one-stage meta-analysis (appendix p 9). We also found
that the subdistribution HRs from the Fine and Gray
models were comparable to the cause-specific HRs, thus
there was no sign of bias due to competing risks (data not
shown). In the sensitivity analysis comparing the effects
of antihypertensive drug classes on any cancer between
trials that explicitly excluded cancer patients at baseline
and those that did not, no significant heterogeneity in
treatment effects was identified for any drug class
compared with all other comparators (P, geneiy=0-99 for
ACEIS;  Pherogenciy=0-78 for ARBs; =0-55 for
B blockers; Pierogeneiy=0-40 for calcium channel blockers;
=0-17 for thiazides; appendix p 23).

pheterogeneity

pheterogeneity

www.thelancet.com/oncology Vol 22 April 2021



Articles

Trials(n)  Treatment Control HR (95% CI)
group (n/N) group (n/N)

Drug class vs other

Breast
ACEI 1 146/33584 349/70062 JR 1.05 (0-87-1-28)
ARB 10 202/42628 234/52210 1.03(0-85-1-24)
B blocker 4 45/7275 53/8639 0-90 (0-60-1-35)
Calcium channel blocker 12 161/37431 356/65883 —_—. 0-95 (0-79-116)
Thiazide 5 132/20018 211/33045 —_—— 0-99 (0-80-1-24)

Unadjusted Preiogeny=0-764
Adjusted pieierogenty=1:00

Colorectal
ACEI 13 243/35578 560/73236 0-96 (0-82-1-12)
ARB 11 279/43803 355/54553 _—.L_— 1.01(0-86-1-19)
B blocker 3 41/6118 54/7462 0-83 (0-55-1-24)
Calcium channel blocker 13 209/38455 450/68089 — 0-95 (0-80-1-13)
Thiazide 4 183/19804 248/32830 —— 117 (0-96-1:41)

Unadjusted Pyqeny=0-337
Adjusted P ogen=1-00

Lung
ACEI 13 333/35578 777173236 —a— 0-99 (0-87-113)
ARB 12 335/44483 485/55224 —— 0-94 (0-81-1-08)
B blocker 4 43/7275 56/8639 0-85 (0-57-1-26)
Calcium channel blocker 16 392/40518 693/70141 R — 1.05 (0-92-1-20)
Thiazide 5 261/20018 371/33045 I 113 (0-96-1-33)

Unadjusted Pyeogeny=0-657
Adjusted pieierogenty=1:00

Prostate
ACEI 12 378/34756 929/72408 0-97 (0-85-1-10)
ARB 1 386/43803 531/54553 I 098 (0-85-1-12)
B blocker 4 62/7275 79/8639 - . 0-83 (0-59-1-17)
Calcium channel blocker 13 361/38804 699/68 424 — 115 (1-01-1-32)
Thiazide 4 282/19804 467/32830 —. 0-98 (0-85-1-14)

Unadjusted Py qeny=0-148
Adjusted P qogen=1-00

Skin
ACEI 5 457/12574 434/13845 . 1.05 (0-92-1-20)
ARB 8 278/31132 318/32161 —— 0-87 (0-74-1.02)
B blocker 2 89/5677 90/6809 —_— 1.00 (0-75-1-34)
Calcium channel blocker 6 209/11330 169/12649 R 126 (1.03-1.54)
Thiazide 3 420/4549 444/5667 ——m— 0-95 (0-83-1-09)
Unadjusted pieerogenity=0-405
Adjusted pieogeniy=1-00
0‘-5 1.0 2-‘0

“— —>
Favours lower cancer  Favours higher cancer
risk with drug class ~ risk with drug class

Figure 3: Effects of antihypertensive drug classes on risk of site-specific cancers
Unadjusted p values for heterogeneity and p values adjusted for multiple comparisons are presented. n/N=number of events/number of participants. HR=hazard
ratio. ACEl=angiotensin-converting enzyme inhibitors. ARB=angiotensin Il receptor blockers.

Discussion no strong evidence that the use of any particular
In this study, we found no consistent evidence that the antihypertensive drug class had a consistent effect on the
use of antihypertensive medication overall increased the risk of developing breast, colon, lung, prostate, or skin
risk of any cancer or cancer death. We also found cancer. These findings were further corroborated in the
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network meta-analyses based on the direct and indirect
comparisons of drug classes with placebo, and in the
time-stratified analyses, which showed no evidence of
increasing or decreasing effects over time. However, the
excess risks identified for calcium channel blockers on
any cancer, prostate cancer, and skin cancer and for
thiazide diuretics on cancer death in some analyses
requires further investigation in clinical trials with a
larger number of events, particularly for placebo-
controlled comparisons.

Although several observational studies have previously
reported an association between cancer risk and
increased blood pressure or its treatment,**”"*”*” evidence
based on randomised data is scarce, and meta-analyses of
randomised evidence are mainly based on analysis of
published summary statistics.**” Such study designs
cannot account for competing risks, or investigate cancer
events across different durations of follow-up. Little
evidence is available from meta-analyses of published
findings from randomised controlled trials on the effects
on site-specific cancers because it is unlikely that a single
trial would have sufficient statistical power to report
these effects. Due to the large number of trials included
in the BPLTTC database with individual participant data
available, our study also addresses the paucity of evidence
on antihypertensive drug use and cancer risk among
important patient subgroups, and found no significant
variation in the effects on any cancer across groups
defined by age, sex, BMI, smoking status, or previous
antihypertensive use with any antihypertensive drug
class, indicating that any cancer-related adverse effects
were unlikely to have been masked by widespread use of
non-randomised treatment before trial participation.

Several hypotheses have been posited linking the
pathways of specific drug classes to cancer, independently
of changes in blood pressure.”” There has been a concern
around the potential association between thiazide
diuretics and skin cancer risk due to the photosensitising
properties of thiazides and harmful effects identified in
several observational studies;” however, our findings do
not support an association between the use of thiazides
and skin cancers. Other studies have also suggested that
blockade of the renin-angiotensin system by ACEIs and
ARBs might have a protective effect against a broad range
of cancer types,” including lung, breast, and prostate
cancers,” by affecting cell proliferation, angiogenesis, and
apoptosis.” However, we found no significant associations
between any of these drug classes and risk of any cancers.
Our findings suggesting a potential increased risk of any,
prostate, or skin cancers with use of calcium channel
blockers and cancer death with thiazides were unexpected
considering that no compelling evidence exists with
regard to plausible mechanisms that would affect
carcinogenesis in these parts of the body with use of these
drugs.”* However, our detailed analyses and the absence
of plausible mechanisms suggest that calcium channel
blockers or thiazides are unlikely to cause such cancers.

Comparison of a single drug class against all other groups
is limited by uncertainty regarding whether the apparent
excess risk is a true effect of the intervention or a reflection
of a potentially beneficial effect of the drug class in the
comparison group (which by chance will differ for
different classes). In the case of thiazide diuretics, a larger
number of trials providing cancer death data is required
to investigate this association further, since only two trials
contributed data to this analysis. In the case of calcium
channel Dblockers, the excess risks identified were
primarily driven by the comparison of calcium channel
blockers against ARBs, which in turn seems to have been
driven by data from a single trial (VALUE””). Although
no significant heterogeneity was identified across trials
with a calcium channel blocker comparison in two-stage
meta-analysis, the VALUE trial (calcium channel blocker
vs ARB comparison), was an important driver of the
excess risk for calcium channel blockers compared with
all other comparators in the main analysis. To address
this issue, we compared individual drug classes with
placebo. Because of the relatively small number of
placebo-controlled trials available for most drug classes,
we did individual participant data network meta-analyses
to estimate these effects. The results showed no evidence
of any effects of drug classes on cancer risk when
compared with placebo. This finding, together with the
time-stratified analyses results, and the absence of
heterogeneity in treatment effects across drug classes
provide evidence against any class-specific effects on the
risk of developing cancer. Consequently, it is possible that
any variation around the null could be due to chance.
However, these detailed and robust analyses have
inadequate power to detect a statistical difference,
particularly for site-specific cancers.

A key strength of this study was the use of individual
participant data from the largest dataset of randomised
controlled trials of antihypertensive drug treatments
available to date, to our knowledge. Previously, a large
meta-analysis of randomised controlled trials investigated
the risk of cancer associated with antihypertensive
treatment, but it was based on aggregate data” and one
study that analysed individual participant-level data only
included 28787 participants with 1823 cancer events.*
The number of participants included in our meta-
analysis was nearly ten times higher and the number of
cancer events was more than 13000 higher than that
included in the previous meta-analysis based on
individual participant-level data, enabling a more detailed
analysis to be done than previously possible. Another
important strength of this study was that we had access
to unpublished cancer event data collected during
follow-up, and additional information from most trials
on cancer subtypes, date of diagnosis, and information
on multiple diagnoses in individual participants. Since
we had access to time-to-event data, we were able to
assess any trend in cancer risk over time, an analysis that
has not been possible previously using randomised data.
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This analysis allowed us to account for the latency period
between exposure to the antihypertensive drug and
occurrence of cancer, since events diagnosed early during
follow-up are less likely to be linked to the study
medication. The results of this analysis suggested that
there was no increased risk of cancer with continued
treatment during the follow-up period. Thus, our study
provides the most compelling evidence to date for the
safety of antihypertensive drugs with respect to cancer
and cancer subtypes that we have considered.

A limitation of this study was that we did not have access
to individual participant data for all trials that were eligible
for inclusion in the BPLTTC database. Therefore, although
we had access to a larger number of cancer events from
randomly assigned participants than did previous studies,
some analyses involving cancer mortality or site-specific
cancer outcomes were based on relatively small numbers
of events, resulting in greater uncertainty around the risk
estimates. For the same reason, our pre-defined protocol
excluded analyses of uncommon cancer sites. The source
of cancer outcomes varied across trials. Some trials
reported prespecified cancer outcomes whereas others
captured cancer events through routine adverse event
reporting, and less than half of the trials adjudicated cancer
events. However, previous evidence®* has suggested that
adjudication of common outcomes does not have an
impact on relative treatment effects because any
misclassification is expected to be consistent across
treatment groups. Because of the paucity of data on
baseline cancer history, we were unable to determine
whether all cancer outcomes were incident events.
However, our sensitivity analysis, stratified by explicit
exclusion of cancer patients at baseline, suggested that
there were no differences in the relative treatment effects
in trials that excluded cancer patients compared with those
that did not. Investigators across many trials were also
allowed to prescribe additional non-study antihypertensive
treatments to participants whose blood pressure had not
been controlled sufficiently with the study drug. In cases
where the treatment and control groups were systemically
prescribed different classes of drugs (either by design or
chance), this could lead to the underestimation of each
drug class effect on the outcomes. Another potential
limitation was that class-specific categorisation of
antihypertensive medication might have diluted the effects
of individual drugs that act via different biological
pathways. Additionally, our study was based on a median
follow-up duration of 4 years, which might not be sufficient
for some cancers to develop. Hence, it would be prudent
for future trials to continue collecting outcomes, including
cancer, long after the trial has ended to allow the
investigation of off-target effects of antihypertensive drugs.
In our analyses stratified by follow-up duration, we found
no evidence of an increasing risk with more years of
exposure to the treatment; however, studies with longer
durations might be necessary to rule out any association
with long-term antihypertensive use.
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Our study has addressed an ongoing controversy about
the safety of blood pressure lowering medication with
respect to cancer risk, using the largest sample of
individual-level randomised evidence on blood pressure
lowering treatment to date, to our knowledge. In our
detailed analyses, we found no evidence that the use of
antihypertensive medication has any substantial effect
on cancer risk, although we could not rule out potential
class-specific effects for calcium channel blockers and
thiazide diuretics. This finding was consistent across
patients with a wide range of baseline characteristics,
therefore our study addresses a gap in the evidence for
the safety of antihypertensive medication. It is estimated
that between 30% and 50% of individuals have poor
adherence to these drugs, partly because of concerns
around the harmful effects that long-term use of
antihypertensive medications might cause.”” The main
implication of our study is that patients using anti-
hypertensive medication should continue to take their
medications because concerns about increased cancer
risk seem to be unfounded.
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