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Use of angiotensin-converting-enzyme inhibitors
or angiotensin-receptor blockers and cancer risk:

RESEARCH

a meta-analysis of observational studies
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— ABSTRACT

Background: Epidemiologic studies have re-
ported inconsistent findings regarding the
association between the use of angiotensin-
converting-enzyme (ACE) inhibitors or angio-
tensin-receptor blockers and the risk of cancer.
We performed a meta-analysis of observa-
tional studies to assess the association.

Methods: We searched MEDLINE, EMBASE
and the Cochrane Library to identify studies
through January 2011. Two evaluators inde-
pendently reviewed and selected articles of
cohort and case—control studies on the basis
of predetermined selection criteria.

Results: Of 3970 screened articles, 12 cohort
studies and 16 case—control studies were se-
lected for analysis. We found no significant
association between the use of ACE inhibitors
or angiotensin-receptor blockers and the
overall risk of cancer (relative risk [RR] 0.96,
95% confidence interval [Cl] 0.90-1.03). We

found a decreased risk of cancer associated
with use of either medication when we
restricted the analyses to cohort and nested
case—-control studies (RR 0.90, 95% Cl 0.83-
0.97) or to studies with long-term follow-up
of more than five years (RR 0.89, 95% Cl 0.83—
0.96). In the subgroup meta-analyses by can-
cer site, a decreased risk was identified for
esophageal cancer, whereas an increased risk
was found for melanoma and kidney cancer.

Interpretation: No significant association was
found between the use of ACE inhibitors or
angiotensin-receptor blockers and overall risk
of cancer. A possible beneficial effect associ-
ated with use of either medication was sug-
gested in sensitivity analyses, including those
of studies with long-term follow-up. Large
randomized controlled trials with long-term
follow-up are needed to specifically test the
effect of each of these medications on the risk
of cancer.

ecent meta-analyses have shown a possi-
ble increased risk of cancer associated

with angiotensin-receptor blockers used
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We searched MEDLINE, EMBASE and the
Cochrane Central Register of Controlled Trials
(CENTRAL) in the Cochrane Library up to
January 2011 using common keywords related
to ACE inhibitors, angiotensin-receptor block-
ers and cancer. The search terms were as
follows: “angiotensin-converting enzyme in-
hibitor” or “angiotensin receptor blocker” or
trade names of the medications AND “cancer”
or “carcinoma” or “neoplasm” or “malignancy”
or names of specific types of cancer. (For
details about the search strategy, see Appendix
1, at www.cmaj.ca/lookup/suppl/doi:10.1503
/cmaj.101497/-/DC1.) We also reviewed the
bibliographies of relevant articles to identify
additional publications. Studies were restricted
to those involving humans.

alone or combined with angiotensin-converting-
enzyme (ACE) inhibitors."? Despite the strong
internal validity of randomized controlled trials
(RCTs) used in prior meta-analyses, it is difficult
to interpret these results because of the short
duration of follow-up for cancer detection.® A
previous retrospective cohort study with a mean
follow-up of 6.6 years showed that the use of
ACE inhibitors was associated with a signifi-
cantly decreased risk of overall cancer, and can-
cer of the lung, breast and female reproductive
organs and smoking-related cancers.* Despite the
inconsistent results reported by previous obser-
vational studies regarding this issue,”* we con-
ducted a meta-analysis of cohort and case—
control studies to assess the association between
use of these medications and the risk of cancer.
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Selection of relevant studies

Two of us (C.Y., H.Y.) independently evaluated
the eligibility of all studies retrieved from the
databases on the basis of the predetermined
selection criteria (Appendix 2, available at www
.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.101497
/-/DC1). Disagreements between evaluators were
resolved by discussion or in consultation with a
third author (S.M.P.).

Data synthesis

To compute a pooled relative risk (RR) with
95% confidence interval (CI), we used the RRs
(or odds ratios) and 95% Cls that were adjusted
for most confounders. Because the incidence of
cancer is generally low, we assumed that we
could ignore the distinction among the various
measures of relative risk in our study.” If esti-
mates for more than one type of cancer were

reported in a single study, we asked the authors
for the combined estimate. If the combined esti-
Articles identified from electronic mate was not provided by the authors, we used
database searches the estimates from the largest number of cancer
n =3970 cases. If the outcome measures were unsuitable
=l MEDLINE ni= 7037 for meta-analysis, we used data from a 2 x 2
o EMBASE n =2835 )

« Cochrane Library n =104 table to recalculate crude estimates.
Because of known clinical and methodologic
heterogeneity of the studies used in analyses, we
report pooled RRs and 95% Cls calculated from

Additional studies identified —
from bibliographies of
relevant articles n=7

v the random-effects model using the method
Tasial felamiifae arfdas described by DerSimonian and Laird.”
n=3977 We performed sensitivity analyses to examine

effect sizes when only the following types of
Excluded n =242 studies were included: studies that reported use
(duplicates) of ACE inhibitors; studies that reported use of
either ACE inhibitors or angiotensin-receptor
blockers; studies that reported adjusted esti-

Y

Articles screened

n=3735 . .
mates; studies that reported estimates for any
| Excluded n = 3692 cancer developm.ent; cohort gtudle§ and nested
(not relevant) case—control studies; and studies with long-term
v follow-up. Because cohort studies and nested
Full-text articles case—control studies are known to have less
assessed for eligibility recall bias, selection bias and temporal ambigu-
n=43 ity than conventional case—control studies, they

are considered to have higher methodologic
quality.’® Therefore, we excluded conventional
case—control studies and used only cohort or
nested case—control studies in the sensitivity
analyses. Studies with long-term follow-up

— Excluded n=15
e Letter, review, correspondence
or commentary n=8
¢ No available data for outcome
measures n =1
e Standardized incidence ratios

used n=1 _ included those that had a mean follow-up of
* Nonmelanoma skin cancer n =2 more than five years, as well as studies that
e Shared identical population, not R X
used n=3 reported estimates from a subgroup with a fol-
A4 low-up of more than five years.

We used random-effects metaregression
analysis to determine whether there was a rela-
n=28 tion between the risk of cancer and potential

¢ effect modifiers, including study design and five
predetermined quality-assessment items (repre-
sentativeness of the cohort or cases; ascertain-

Articles included in
qualitative synthesis

Articles included in quantitative synthesis
(meta-analysis)

n=28
e Cohort n=12*
¢ Nested case-control n=6
e Conventional case-control n =10

and were used only in subgroup analyses.

*Two cohort studies shared identical population

Figure 1: Identification of relevant cohort studies and case—control studies for

inclusion in the meta-analysis.
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ment of exposure; exclusion of outcome of inter-
est at enrolment; assessment of outcome; and
control of study for age, cigarette smoking, body
mass index and diabetes mellitus). Two of us
(C.Y., H.Y.) independently assessed the potential
effect modifiers, and disagreements were re -
solved through discussion.

We conducted subgroup meta-analyses by
study design and by type of cancer. We investi-
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Characteristics of case—control studies included in meta-analysis of association between use of angiotensin-converting-enzyme (ACE) inhibitor or angiotensin-receptor

blocker (ARB) and risk of cancer (part 2 of 2)

Table 2

Site of cancer

Type pf drug
(reference group)

(subgroup by
cancer type)

Sex of

Age of cases, yr,

Collection of medication

Adjustment

cases, %

mean (range)

data (period)

Selection of cases

Study

Age, BMI

ACE inhibitor (no ACE

M: 63.7 Renal cell
inhibitor)

F:36.3

NA (35-84)

Review of Group Health

Review of population-based
cancer registry in western

Shapiro et al.,

carcinoma

Pharmacy database (1977
until 2 yr before cancer

diagnosis)

1999, USA’

Washington State (1980-1995)

Age

ACE inhibitor (no ACE

F: 100 Breast
inhibitor)

NA (65-79)

In-person interview
(lifetime until cancer

diagnosis)

Review of population-based cancer

Li et al., 2003,

USA™®

registry in western Washington State
for women 65-79 yr (1997-1999) in a
list of social security recipients

provided by the CMS

Age, recent medical contacts, ASA
use, concomitant use of different

classes of antihypertensive drug
NA

antihypertensive drug)

ACE inhibitor (no

75.7 (73-79) M: 100 Prostate

Review of RAMQ database

(1981 until cancer

Review of Quebec cancer registry
diagnosis)

for men 73-79 yr (1993-1995)

Perron et al., 2004,

Canada™

gated the effect of the use of ACE inhibitors or
angiotensin-receptor blockers on site-specific
cancers separately using all studies, cohort or
nested case—control studies, and studies with
long-term follow-up. We defined smoking-
related cancers as cancers with a dose-response
relation between smoking and cancer risk.*

General Practice Research

Results

use of HRT in women, use of ASA

Age, BMI, diabetes, smoking status,
or other NSAID

Total no. of unique medical

diagnoses, statin use

Study characteristics

Of the 3970 articles identified, we selected 12
cohort studies*'>'¢»2?727% and 16 case—control
studies™” 3182153538 for the analyses (Figure 1).
Two of the cohort studies were used only in the
subgroup analyses because they shared a study
population (Appendix 2).>** We contacted the
authors of six articles to ask for the combined
estimates for total drug users;***"** the authors
of three articles provided these adjusted esti-
mates.'””"” The outcome measures were unsuit-
able for meta-analysis in two case—control stud-
ies;"'” we therefore used data from 2 X 2 tables
to recalculate the crude estimates.

A total of 3 611 694 people participated in the
10 cohort studies included in the meta-analyses.
The mean duration of follow-up for the total
cohort was 5.75 years (range 1-13 years). Seven
of the cohort studies reported the total number of
participants using ACE inhibitors or angiotensin-
receptor blockers (n = 26 912) as well as the
number in whom cancer developed (n = 1210,
4'5%)‘4,15,16.29—31,35

All but 2 of the 16 case—control studies re-
ported the number of cases (n = 27 987) and
controls (n = 119 879).769-13.181921232328 The pro-
portion of participants who used an ACE in-
hibitor or angiotensin-receptor blocker was 7.3%
among the cases and 7.9% among the controls.

Tables 1 and 2 show the general characteris-
tics of the studies included in the analyses.

The methodologic quality of the studies is
summarized in Tables 3 and 4. All of the studies
controlled for age, and about half also controlled
for cigarette smoking or body mass index.

The metaregression analysis of the association
between potential effect modifiers and the log
estimate for the risk of cancer showed a signifi-
cant difference between cohort or nested case—
control studies and conventional case—control
studies (Appendix 3, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.101497/-/DC1).

(no ACE inhibitor)

ACE inhibitor (no ACE
* ARB (no ARB)

ACE inhibitor (no ACE
inhibitor)

inhibitor)
¢ ACE inhibitor
Centers for Medicare and Medicaid Service, GPRD

Régie de I'assurance maladie du Québec.

leukemia
Colorectal
Melanoma

Acute myeloid

M: 57
F: 43
M: 48.6
5
F: 59

NA (25-75)
54.9 (> 18)

In-person interview (10 yr
before cancer diagnosis)
Pharmacy database (10 yr
before cancer diagnosis)
Review of PHARMO
database (3 yr before

cancer diagnosis)

Review of Group Health
body mass index, CCB = calcium-channel blocker, Cl = confidence interval, CMS

beta-blocker, BMI
hormone replacement therapy, NA = not available, NSAID = nonsteroidal anti-inflammatory drug, RAMQ

PHARMO and PALGA (1991-2004)

Review of population-based Dutch

Review of population-based SEER
Medical Register database

cancer registry of Los Angeles

County (1987-1994)
Washington State (2000-2003)

Review of a population-based
cancer registry in western

acetylsalicylic acid, BB

Database, HRT
*Median.

Effect of medication use on risk of cancer
We found no significant association between the
use of ACE inhibitors or angiotensin-receptor
blockers and the risk of cancer in the meta-
analysis of all of the studies (RR 0.96, 95% CI

Pogoda et al.,
Boudreau et al.,
2008, USA*
Koomen et al.,
2009, Netherlands®

2005, USA’
Note: ASA
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0.90-1.03) (Table 5). However, significant het-
erogeneity existed among these studies (I* =
60.5). The heterogeneity was due in part to study
design and duration of follow-up; it was not due
to whether studies evaluated ACE inhibitors
alone or combined with angiotensin-receptor
blockers, or whether studies evaluated any can-
cer as opposed to specific cancers.

In the sensitivity analyses, a beneficial effect of
the use of ACE inhibitors or angiotensin-receptor
blockers on cancer risk was shown when the con-
ventional case—control studies were excluded (RR
0.90, 95% CI 0.83-0.97) (Table 5). A beneficial
effect was also found when the analysis was lim-
ited to the 11 studies with long-term follow-up
(RR 0.89’ 95% CI O.83_0.96).4.6.1115.18,22724,27.3],33

When the analyses were restricted to studies
that investigated the effect of only ACE inhib-
itors on cancer risk, the 12 cohort and nested
case—control studies showed a nonsignificant
protective effect (RR 0.93, 95% CI 0.86—
1.01),%1215109218295 gpd the § studies with long-
term follow-up showed a significant protective
effect (RR 0.89, 95% CI 0.80-0.98).+!31>18222331.33
No significant change was observed when we
excluded two studies with crude estimates."*

In the subgroup analyses by study design
(Figure 2), a decreased overall risk of cancer was
shown in the analyses of cohort studies (RR
0.87, 95% CI 0.77-0.99) and nested case—
control studies (RR 0.91, 95% CI 0.85-0.98). A
marginally increased risk was shown in the

Table 3: Assessment of the methodologic quality of the cohort studies included in meta-analysis
Quality assessment items
Ascertainment of  Shows that outcome Assessment of Study controls for
exposure: secure of interest was not  outcome: independent age, cigarette
Representativeness record or structured  present at start of blind assessment or smoking, BMI,
Study of the cohort* interview* study* record linkage* diabetes statust
Pahor et al., 1996 - + + + o+
(age > 70 yr) (age, cigarette
smoking, BMI)
Fitzpatrick et al., - + + - ++
1997% (age > 65 yr) (self-report) (age, diabetes)
Lever et al., 1998* + d = & ++
(age, cigarette
smoking)
Fitzpatrick et al., - + + - ++
2001" (age > 65 yr) (self-report) (age, BMI)
Friis et al., 2001'° + + - + +
(age)
Fryzek et al., + + - + +
2005™ (age)
Fryzek et al., + + - + +
2006 (age)
van der Knaap et + + + + 4+
al., 2008 (age, cigarette
smoking, BMI,
diabetes)
Rodriguez et al., - - + - +++
2009” (white people) (self-report) (self-report) (age, BMI,
diabetes)
Kaae et al., 2010% + + + + +
(age)
Largent et al., - - - + 44+
2010” (teachers) (self-report) (age, cigarette
smoking, BMI,
diabetes)
Yang et al., 2010% - + + + 4+
(patients with (age, cigarette
diabetes mellitus) smoking, BMI)
Note: BMI = body mass index.
*Minus sign (-) indicates study did not satisfy criterion, plus sign (+) indicates study satisfied criterion.
1Plus signs (+) indicate number of controlled variables among age, cigarette smoking, BMI and diabetes status.
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analysis of the conventional case—control studies
(RR 1.14,95% CI 1.00-1.31).

In the subgroup meta-analysis of the seven
studies that reported estimates for any cancer
development, a beneficial effect was found (RR
0.85, 95% CI 0.73-0.98) (Table 6).*!>!1316:24293
When studies were stratified by site of cancer, a
decreased risk of cancer associated with use of
ACE inhibitors or angiotensin-receptor blockers
was identified for esophageal cancer (RR 0.73,

95% CI 0.57-0.94) and an increased risk was
observed for melanoma (RR 1.09, 95% CI 1.00-
1.19) and kidney cancer (RR 1.50, 95% CI 1.01-
2.23). Further stratification by excluding conven-
tional case—control studies showed a decreased
risk of prostate cancer (RR 0.88, 95% CI 0.80—
0.97); the decreased risk of esophageal cancer
and the increased risk of melanoma persisted.
For kidney cancer, no significant association was
found when conventional case—control studies

Table 4: Assessment of the methodologic quality of the case—control studies included in meta-analysis
Quality assessment items
Ascertainment of Shows that outcome Adequate definition Study controls for
exposure: secure record of interest was not of cases: independent age, cigarette
Representativeness  or blinded structured present at start of validation or record smoking, BMI,
Study of the cohort* interview* study* linkage* diabetes statust
Jick et al., + + + + +++
1997" (age, cigarette
smoking, BMI)
Gonzalez- + + + + +++
Perez et al., (age, cigarette
2004" smoking, BMI)
Ronquist et al., + + + + +
2004 (age)
Houben et al., + + + + +
2006° (age)
Sjoberg et al., + + + + +++
2007% (age, cigarette
smoking, BMI)
Assimes et al., + + + + +
2008 (age)
Mellemgaard + - = + +
et al., 1994* (unknown blinding) (age)
McLaughlin + - = + +
et al., 1995" (unknown blinding) (age)
Rosenberg - + + + +++
et al., 1998" (hospital based) (age, cigarette
smoking, BMI)
Vezina et al., + + + + +++
1998" (age, cigarette
smoking, BMI)
Shapiro et al., + + + + ++
1999° (age, BMI)
Li et al., 2003" - - + + +
(age 65-79 yr) (unknown blinding) (age)
Perron et al., - + - + +
2004% (age 73-79 yr) (age)
Pogoda et al., + - - + +
2005’ (unknown blinding) (age)
Boudreau et + + + + +++
al., 2008” (age, cigarette
smoking, BMI)
Koomen et al., + + - + +
2009° (age)
Note: BMI = body mass index.
*Minus sign (-) indicates study did not satisfy criterion, plus sign (+) indicates study satisfied criterion.
tPlus signs (+) indicate number of controlled variables among age, cigarette smoking, BMI and diabetes status.

CMAJ, October 4, 2011, 183(14)

E1079



RESEARCH

E1080

Studies of long-term follow-up

No.
(cohort/case—

No.

Cohort studies and nested case-control studies
(cohort/case—

All studies

No.
(cohort/case—

Table 5: Sensitivity meta-analyses of association between use of angiotensin-converting-enzyme (ACE) inhibitor or angiotensin-receptor blocker (ARB) and risk of cancer

Heterogeneity,

Pooled RR

Heterogeneity,

Pooled RR

Heterogeneity,

Pooled RR
(95% ClI)

F value, %

F value, %

F value, %

(95% Cl)

control)

(95% Cl)

control)

control)

Analysis

0.0

9.8 11(6/5) 0.89 (0.83-0.96)
0.89(0.80-0.98) 19.1

5
52.6

0.96 (0.90-1.03) 60.5 16 (10/6) 0.90(0.83-0.97)
12 (8/4) 0.93(0.86-1.01)

1.00 (0.93-1.07)

26 (10/16)
22 (8/14)

All studies

8(5/3)

54.7

Studies reporting use of ACE

inhibitors*”

0.0

3(1/2) 0.91(0.77-1.08)

68.2

4 (2/2) 0.80(0.64-1.01)

68.2

4 (2/2) 0.80 (0.64-1.01)

Studies reporting use of ACE
inhibitors or ARBs****"*

0.89 (0.80-0.98) 19.1

8(5/3)

9.8

0.95 (0.89-1.02) 59.2 16 (10/6) 0.90(0.83-0.97) 5

24 (10/14)

Studies reporting adjusted

. 4-7,9-10,12,13,15,16,18-21,23-25,27,29-33,35
estimates

Note: Cl = confidence interval, RR = relative risk.

CMAJ, October 4, 2011, 183(14)

were excluded. When analyses were restricted to
studies with long-term follow-up, no association
between use of ACE inhibitors or angiotensin-
receptor blockers and individual cancers was
found except for a beneficial effect on smoking-
related cancers (RR 0.79, 95% CI 0.64-0.98; I* =
0.0%; data not shown).

Interpretation

Our meta-analyses of observational studies
showed no significant association between the use
of ACE inhibitors or angiotensin-receptor block-
ers and overall risk of cancer. However, a benefi-
cial effect was shown in sensitivity analyses that
included only cohort and nested case—control
studies or studies with long-term follow-up.

In the subgroup analysis by site of cancer, we
found that use of ACE inhibitors or angiotensin-
receptor blockers was associated with a de-
creased risk of esophageal cancer but an in-
creased risk of melanoma and kidney cancer.
When conventional case—control studies were
excluded, the analysis showed a decreased risk
of esophageal cancer and prostate cancer and an
increased risk of melanoma. Moreover, long-
term use of ACE inhibitors or angiotensin-
receptor blockers was associated with a de-
creased risk of smoking-related cancers.

The anticancer effect of ACE inhibitors and
angiotensin-receptor blockers is thought to be
mediated through rennin—angiotensin system-
dependent inhibition of angiotensin II levels* as
well as increases in bradykinin levels.”” Many
experimental studies have shown that angio-
tensin II may affect cancer development through
various steps,* which can play a role in the
process of cancer initiation, progression,” inva-
siveness*®™* and metastasis.”® Bradykinin that is
overly produced by ACE inhibitor use acts on
endothelial cells to induce synthesis of prosta-
cyclin and the release of nitric oxide. Both in-
creased prostacyclin and nitric oxide contribute
to the anticancer effect of ACE inhibitors by
counteracting the action of angiotensin II.** Fur-
thermore, the use of ACE inhibitors has been
shown to reduce the tumour volume as well as
prevent metastasis in rodent models of common
human carcinomas.”>

The most recent and largest meta-analysis of
RCTs reported no significant association be-
tween the use of ACE inhibitors or angiotensin-
receptor blockers and the development of can-
cer.> However, the duration of follow-up in most
of the trials ranged from one to five years. Be-
cause events are generally evenly distributed
across a trial, mean exposure time to study drugs
before cancer diagnosis would be less than three
years, which is considered to be too short to
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No. of cases Relative risk Decreased risk | Increased risk
Study design of cancer (95% CI) <— ofcancer | of cancer —>
Cohort studies ;
Pahor et al., 199629 34 0.73 (0.30-1.78) ¢ :
Fitzpatrick et al., 199730 75 0.93 (0.37-2.34) #I
Lever et al., 19984 327 0.67 (0.50-0.90) —— :
Fitzpatrick et al., 20015 144 0.60 (0.30-1.10) —0—:
Friis et al., 200116 > 909t 1.01 (0.93-1.09) f
van der Knaap et al., 20082 730 0.88 (0.71-1.09) —0-:-
Rodriguez et al., 200933 1982 0.87 (0.76-1.00) -0-:
Kaae et al., 201032 > 540t 1.10 (1.00-1.20) :'*
Largent et al., 201031 1704 1.05 (0.86-1.27) —iO—
Yang et al., 2010 (1)35* 505 0.47 (0.33-0.69) e
Yang et al., 2010 (2)35* 0.81 (0.51-1.29) —0.—
Subtotal (12 = 72.2%) 0.87 (0.77-0.99) ‘:
Nested case-control studies :
Jick et al., 199712 268 0.79 (0.58-1.06) —0—:—
Gonzalez-Perez et al., 2004 3708 0.93 (0.79-1.08) —0*:-
Ronquist et al., 200421 1013 0.90 (0.70-1.10) —0-:-
Houben et al., 20066 210 1.09 (0.54-2.19) —:0—
Sjoberg et al., 200723 1950 0.89 (0.74-1.06) —0-:'
Assimes et al., 200824 6254 0.93 (0.83-1.03) '0:'
Subtotal (2 = 0.0%) 0.91 (0.85-0.98) ’E
Conventional case-control studies -
Mellemgaard et al., 199428 322 0.54 (0.05-3.80) < + :
McLaughlin et al., 1995 1312 1.94 (1.17-3.24) : ——
Rosenberg et al., 199813 9395 1.10 (0.90-1.30) —I*‘—
Vezina et al., 199810 1210 1.50 (1.20-1.90) : ——
Shapiro et al., 19999 (men) 130 2.40 (0.80-7.00) : L 4 >
Shapiro et al., 1999° (women) 74 2.00 (0.60-7.40) ¢ >
Li et al., 200318 512 1.00 (0.70-1.30) —‘—
Perron et al., 200420 > 1075% 1.05 (0.93-1.19) ‘IO-
Pogoda et al., 20057 NA 0.70 (0.30-1.80) 4 :
Boudreau et al., 20082 357 0.98 (0.67-1.43) —Q:—
Koomen et al., 20095 1272 1.00 (0.80-1.30) +
Subtotal (= 43.8%) 1.14 (1.00-1.31) h g
Overall (2 = 60.5%) 0.96 (0.90-1.03) ‘
0.2 0.5 1 2 5
Relative risk (95% CI)

Figure 2: Results of random-effects meta-analysis of association between use of angiotensin-converting-enzyme (ACE) inhibitors or
angiotensin-receptor blockers and risk of cancer. A relative risk greater than 1.0 indicates an increased risk for cancer. *Yang and coau-
thors* reported estimates separately for two groups totalling 205 cases of cancer: those with a leukocyte count of 5.8 x 10°/L or
greater, and those with a lower leukocyte count. tTotal number of cancer cases was higher than the number reported among people
using ACE inhibitors or angiotensin-receptor blockers. fTotal number of cancer cases was higher than the number reported among
people not using ACE inhibitors or angiotensin-receptor blockers. Cl = confidence interval, NA = not available.
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make any meaningful conclusions about the inci-
dence of cancer in humans.** Moreover, more
than half of the trials used in that meta-analysis
involved patients with severe comorbid diseases
such as heart failure, chronic kidney disease and
coronary artery disease; premature death by
comorbidity before cancer development would
have affected the results.

By using observational studies in our meta-
analysis, we were able to include studies that
involved general populations and had longer fol-
low-up periods. The average duration of follow-
up in the cohort studies, for example, was 5.75
years, with the longest follow-up being 13 years.
In addition, we were able to conduct a sensitivity
analysis of studies with a mean follow-up of
more than five years.

Contrary to findings of our meta-analysis,
previous meta-analyses showed a possible in-
creased overall risk of cancer associated with the
use of angiotensin-receptor blockers alone' or
combined with ACE inhibitors.> Unlike people
who use ACE inhibitors, those who use angio-
tensin-receptor blockers have high angiotensin II
levels.” Moreover, blockage of angiotensin II
type 1 receptors by angiotensin-receptor block-
ers can lead to unapposed stimulation of angio-
tensin II type 2 receptors, which can lead to tu-
mour angiogenesis.”® Such stimulation together
with high angiotensin II levels may explain the
different results. Unfortunately, because studies
included in our analyses mostly reported esti-

mates for ACE inhibitor use or for use of either
ACE inhibitors or angiotensin-receptor blockers,
we were unable to compare the effect of angio-
tensin-receptor blockers and ACE inhibitors.
However, when we analyzed separately the
effect of ACE inhibitor use on cancer risk, we
found a protective effect in cohort and nested
case—control studies as well as in studies with
long-term follow-up.

In the subgroup analyses by cancer site, the
possible preventive effect of ACE inhibitors or
angiotensin-receptor blockers on prostate cancer
can be explained in part by the effect of these
medications on reducing insulin resistance,” a
known risk factor of prostate cancer.”® Regarding
smoking-related cancers, the possible smoking-
dependent effect of the ACE genotype suggested
in a few studies™* may help to explain our finding
of a reduced risk of smoking-related cancers asso-
ciated with long-term use of ACE inhibitors
or angiotensin-receptor blockers. Smoking has
been shown to increase plasma renin activity and
thereby might accelerate the production of
angiotensin II to advance carcinogenesis.”” ACE
inhibitors or angiotensin-receptor blockers may
counteract the cancer-promoting effect of cigarette
smoking by reducing the level or activity of over-
produced angiotensin II by cigarette smoking.

In our subgroup analyses, we found an
increased risk of melanoma and kidney cancer
associated with the use of ACE inhibitors or
angiotensin-receptor blockers. Some ACE in-

blocker and risk of cancer

Table 6: Subgroup meta-analyses of association between use of angiotensin-converting-enzyme inhibitor or angiotensin-receptor

cancer*s,ﬂ-l3,16,23,241,27,23

All studies Cohort studies and nested case—control studies
No. No.
(cohort/case— Pooled RR Heterogeneity, (cohort/case— Pooled RR Heterogeneity,

Type of cancer control) (95% Cl) I value, % control) (95% Cl) I value, %
Any cancer®'>'%16242%3 7 (4/3) 0.85 (0.73-0.98) 73.6 6 (4/2) 0.80 (0.68-0.95) 74.8
Breast'™'®'92224273031 8 (4/4) 0.99 (0.90-1.08) 0.0 6 (4/2) 0.98 (0.89-1.09) 0.0
Lung ™™ 4 (1/3) 0.95 (0.69-1.31) 35.9 3(1/2) 1.01 (0.64-1.58) 51.2
Esophagus’®” 2 (1/1) 0.73 (0.57-0.94) 0.0 2 (1/1) 0.73 (0.57-0.94) 0.0
Stomach'?* 2 (1/1) 0.84 (0.52-1.37) 60.1 2 (1/1) 0.84 (0.52-1.37) 60.1
Colon/rectum***#% 4 (1/3) 0.98 (0.82-1.16) 0.0 2 (1/1) 0.97 (0.77-1.22) 0.0
Kidney®'" 223 6 (1/5) 1.50 (1.01-2.23) 35.3 2(1/1) 0.75 (0.34-1.66) 27.5
Prostate'®'*'320212427:3 8 (3/5) 1.00 (0.87-1.16) 68.5 5 (3/2) 0.88 (0.80-0.97) 0.0
Uterus and ovary 2 (1/1) 1.04 (0.76-1.41) 0.0 1 (1/0) 1.0 (0.7-1.4) NA
Melanoma 3(1/2) 1.09 (1.00-1.19) 0.0 1 (1/0) 1.1 (1.0-1.2) NA
Hematologic™* 2 (1/1) 0.85 (0.60-1.20) 0.0 1 (1/0) 0.88 (0.61-1.29) NA
Smoking-related 9 (2/7) 1.04 (0.77-1.40) 58.1 5 (2/3) 0.86 (0.64-1.16) 50.2

Note: Cl = confidence interval, NA = not available, RR = relative risk.
*Smoking-related cancers included cancer of the esophagus, lung and kidney.
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hibitors have known photosensitizing proper-
ties,” which may enhance photo damage to the
skin by ultraviolet radiation and thereby increase
the risk of skin cancer.”® Among studies reporting
kidney cancer risk, cohort and nested case—
control studies*”* compared users of ACE in-
hibitors with patients with hypertension taking
other medications, whereas conventional case—
control studies led to no significant association
between risk of kidney cancer and use of ACE
inhibitors or angiotensin-receptor blockers.
Therefore, a likely explanation for our finding
may be that hypertension itself increased the risk
of kidney cancer, an inference supported by sev-
eral epidemiologic studies.”*

Limitations

Our study has limitations. First, because the qual-
ity of our study depends on the data from the orig-
inal publications used in our meta-analyses, our
study may have inherited some problems of
potential bias and confounding effects of observa-
tional studies. Second, our result may have been
confounded by health-seeking behaviour. People
who seek care for an asymptomatic condition
such as hypertension may be healthier than those
who do not seek care. In addition, users of ACE
inhibitors or angiotensin-receptor blockers may be
more likely to change their unhealthy behaviours
and be more health conscious once they become
aware of their cardiovascular risk factors. Lastly,
the findings regarding individual cancers may be
an artifact of multiple comparisons given the
inconsistent associations observed.

Conclusion

No significant association was found between the
use of ACE inhibitors or angiotensin-receptor
blockers and overall risk of cancer. A possible ben-
eficial effect associated with use of either medica-
tion was suggested in sensitivity analyses, includ-
ing those of studies with long-term follow-up.
Large randomized controlled trials with long-term
follow-up are needed to specifically test the effect
of each of these medications on the risk of cancer.
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