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Abstract \\
Background: \We performed a meta-analysis to determine whether a consistent relationship exists between the use of angiotensin |
converting enzyme inhibitors (ACEls) and the risk of lung cancer. Accordingly, we summarized and reviewed previously published
quantitative studies.

Methods: Eligible studies with reference lists published before June 1st, 2019 were obtained from searching several databases.
Random effects’ models were used to summarize the overall estimate of the multivariate adjusted odds ratios (ORs) with 95%
confidence intervals (Cls)

Results: Thirteen observational studies involving 458,686 ACEI users were included in the analysis, Overall, pooled risk ratios
indicate that ACEls use was not a risk factor for lung cancer (RR 0.982, 95% C.I. 0.873 — 1.104; P=.76). There was significant
heterogeneity between the studies (Q=52.54; P<.001; I2=86.07). There was no significant association between ACEls use and
lung cancer in studies with over five years of ACEls exposure (RR 0.95, 95% C.I. 0.75 — 1.20; P=.70); and < 5years of exposure to
ACEls (RR 0.98, 95% C.I. 0.83 — 1.15; P=.77). There were no statistically significant differences in the pooled risk ratio obtained
according to the study design (Q=0.65; P=.723) and the comparator regimen (Q=3.37; P=.19).

Conclusions: The use of ACEls was not associated with an increased risk of lung cancer. Nevertheless, well-designed
observational studies with different ethnic populations are still needed to evaluate the long-term (over 10years) association between
ACEls use and lung cancer.

Abbreviations: ACE = Angiotensin Converting Enzyme, ACEI = Angiotensin Converting Enzyme Inhibitor, Cls = 95% Confidence
Intervals, HR = Hazard Ratio, MOOSE = Meta-analysis Of Observational Studies in Epidemiology guideline, NOS = Newcastle—
Ottawa Scale, OR = Odds Ratio, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analysis framework, RAS =

Renin-Angiotensin System, RR = Risk Ratio.
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1. Introduction

Angiotensin converting enzyme inhibitors (ACEIs) are crucial in
the management of high blood pressure, other cardiovascular
diseases and chronic renal failure.''! ACEIs lowers the synthesis of
angiotensin II (the active peptide of the renin-angiotensin system
(RAS) that regulates blood pressure) decreasing its ability to bind to
angiotensin receptor.'! Therefore, its central mechanism of action
operates around inhibiting the RAS.["*! Beyond its cardiovascular
effects, the RAS plays a role in carcinogenesis through stimulating
angiogenesis, inflammation and tissue proliferation.®! Also,
angiotensin receptors have been found to be upregulated in many
cancer tissues (particularly breast, pancreatic and lung cancers) as
well as increases the production of vascular endothelial growth
factors.[ Based on these observations, it has been postulated that
pharmacotherapeutic RAS modulation, may play a role on the
occurrence of specific malignancies.

A potential role for RAS in lung carcinogenesis was hypothe-
sized by studies conducted over three decades ago which showed
that individuals with lung malignancies had lower concentrations
of circulating angiotensin converting enzyme (ACE).>~! A study
conducted among 141 individuals newly-diagnosed with a primary
pulmonary tumor showed that they had substantially lower serum
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ACE concentrations compared with healthy control subjects.!

Other studies reported similar findings of low serum ACE levels in
patients with lung cancer as compared to patients with other
pulmonary diseases or carcinomas.'®”! Furthermore, other studies
found that ACE activity rises in individuals with bronchial
carcinoma after radiation therapy or chemotherapy!*®*! as well
as in patients in clinical remission.!**%! Prochazka et al reported a
significant decrease in ACE activity in primary human lung cancers
tissues compared to normal lung tissue.'®" Moreover, studies on
gene polymorphisms reported that the distribution of genotypes of
endothelial nitric oxide synthase gene was substantially different in
individuals with lung cancer compared to the control popula-
tion."12! Therefore, a decrease in serum ACE in patients with
lung cancer is likely reflective of increased tumor burden, leading to
reduced pulmonary epithelial cells which are the primary source
for circulating ACE, as well as diminished ACE production by the
lung cancer cells.!®! Taken together, these results suggest that
plasma ACE activity may serve as an effective biomarker for cancer
patients with poor prognosis as well as an indicator of responders
to therapeutic intervention.[**!

The effects of ACEIs on cancer risk remains controversial;
previous studies have suggested increased, decreased, or no
association of ACEIs and angiotensin receptor blockers with
cancer.!' 11 Although, a recent meta-analysis reported that
angiotensin receptor blockers may be associated with decreased
risk of lung cancer™®l; studies specifically assessing the effects of
ACEIs and lung cancer risk have conflicting and limited evidence.!'”~
Y1 For example, Azoulay and colleagues, found an increased risk of
lung cancer associated with the use of ACEIs but not angiotensin
receptor blockers.!'”! Hallas and colleagues, however, found weak
evidence of an association between lung cancer risk and at least five
years use of ACEIs."®! However, a recent cohort study reported a
14% relative risk increase in lung cancer incidence in patients
receiving ACEIs.["”) We conducted a meta-analysis to summarize the
observed association between ACEIs and lung cancer across studies,
thus dramatically increasing the power to detect and evaluate this
association. In addition, we conducted subgroup analysis to evaluate
whether study design, duration of ACEIs exposure or comparator
medication moderated the observed association. Although a
previous meta-analysis has examined the association between
angiotensin receptor blockers use and the risk of lung cancer, to the
best of our knowledge, this is the first meta-analysis specifically
evaluating the link between ACEIs use and lung cancer.

2. Methods

2.1. Data source and search strategy

This systematic review and meta-analysis were performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) framework, and the
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines.?®?" The study protocol was based on a
PICO search framework: adult population exposed to ACEIs
medications, compared with no drug or non-ACEI antihyperten-
sive drugs, was evaluated for risk of carcinoma of the lungs.
Studies published from 1 January 1980 to 31 May 2019 without
any language or date restrictions were identified through
electronic searches of six databases; PubMed, Embase, SCOPUS,
Web of Science, Cochrane Database of Systematic Reviews, and
Cumulative Index to Nursing and Allied Health Literature. We
added to this search evaluating reference lists of relevant articles
(including studies as well as narrative and systematic reviews) and
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by backward and forward citation searching of all included
studies using the Science Citation Index, the “Related Articles”
feature on PubMed and Google scholar.

The electronic search combined terms related to “lung cancer”,
OR “lung carcinoma” OR “lung neoplasm” in various
combinations as well as “angiotensin converting enzyme
inhibitors”, “ACE inhibitors”, “ACEIs” and with the names
of individual medications. Details of the search strategy for the
databases are as shown (Supplementary Table S1, http:/links.
Iww.com/MD2/A95). When the results of a particular study were
reported in more than one publication, only the most recent and
complete data were included in the meta-analysis.

2.2. Inclusion and exclusion criteria

Eligible studies included case-control or cohort studies as well as
randomized controlled trials comparing exposure to ACEIs
versus no drug or non-ACEI antihypertensive drugs and lung
cancer risk; have follow-up of at least 1year; enrolled at least 100
patients; and be able to report the outcome of interest — lung
cancer. We excluded the following papers from the review: case
reports or case series, duplicate publications, letters, reviews, or
editorials. Also, studies with insufficient published data for
estimation of the risk ratio (RR) and confidence interval (CI) were
excluded if attempt to reach the corresponding author for
additional information was not successful. Finally, we excluded
studies assessing cancer incidence among individuals with ACEI
exposures compared with general population-level expected
rates, to lower the risk of confounding by indication.

2.3. Data extraction and quality assessments

Two investigators (SA and MA) independently performed the
data extraction and quality assessment, any differences between
the investigators were resolved by a third reviewer (AA). Full
texts of the articles selected were retrieved for further review and
the reviewers extracted all study data independently. The
researchers extracted information on the following parameters:
first author, year of publication, country, sample size, study
design, study period, length of follow-up / exposure to ACElIs (for
cohort/case control studies), comparator reference group,
estimated effect size, and whether adjustment for covariates
were performed or not. Unadjusted or when available adjusted
effect size data i.e., risk ratios (RR), odds ratios [OR], and hazard
ratios [HR], as well as their 95% confidence interval (95% CI) for
lung cancer in ACEIs users versus non-ACEls users were
extracted from every study. For papers that reported data on
incidence rates, the RR and 95% CI were estimated.??!

Two authors completed the quality assessment independently.
The Newcastle—-Ottawa Scale (NOS) was used to evaluate the
methodological quality, which scored studies by the selection of the
study groups, the comparability of the groups, and the ascertain-
ment of the outcome of interest.””*! The studies were assessed by an
overall quality score — with scores ranging from 0 to 9 with higher
scores indicating higher quality. We considered studies with a NOS
score of seven or more to be high-quality studies.

2.4. Statistical analysis

Pooled overall and subgroups risk ratios for lung cancer among
ACEIs users compared with non-ACEIs users were estimated by
pooling unadjusted and adjusted effect estimates reported by
individual studies. Hazard ratios and odds ratios were assumed
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to approximate the same measure of RR value since the absolute
risk of lung cancer is low as was done in previous meta-
analyses.***31 The heterogeneity of the data was quantified by
the Q statistic in combination with the I? statistic. Heterogeneity
among studies was considered significant when P<.1 for the Q
statistic or when the I*>50%.2¢! All meta-analyses were
performed using the random-effects model.

Subgroup analysis was performed for duration of exposure,
smoking status, study design and reference comparator groups.
Duration of exposure was dichotomized as <5 versus > § years.
Data for exposure duration were based on the reported mean
duration of exposure for studies reporting direct measures, and on
mean study follow-up as a surrogate measure otherwise. All
subgroup analyses were calculated using a random- effects model.

www.md-journal.com

Publication bias was estimated visually by funnel plots for
outcomes with more than 10 studies. Egger’s regression test was
applied to assess symmetry of the funnel plot and a two-sided
P<.05 was considered as significant. Comprehensive Meta-
Analysis software version 2.2 (Biostat Inc, USA), was used to
perform the meta-analysis. and the meta-regression.

3. Results

3.1. Description of selected studies

Our search retrieved 1112 studies. This number became 512 after
duplicate publications were removed. Screening of the titles of the
studies identified 42 studies for full-text assessment. A total of 13
studies (four case control and eight cohort studies as well as one
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Figure 1. Flow chart of study selection for the systematic review.
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Characteristics of studies included in the systematic review.

Study Cases / Control Follow-up Reference Study
s/no Author, (year) Countries  Study period design [Exposed/unexposed] (years) group Adjustments  quality
1 “Pahor, (1996) USA 1988-1992 Cohort 124/428 2 BB No 7
2 Jick, (1997) UK 1990-1995 Case-Control 85/422 4 BB No 7
3 Lever, (1998) Scotland 1980-1995 Cohort 1559/3648 6.6 BB/CB/D Yes 6
4 Rosenberg, (1998) USA 1983-1996 Case/Control 994/6492 3.8 Hospital controls ~ No 7
5 Assimes, (2008) Canada 1980-2003 Case/Control 1507/15,070 3.6 D No 7
6 ONTARGET, (2008) Multi-center ~ 2004-2004 RCT 8576/ 8542 4.7 ARB Yes 9
7 van der Knaap, (2008)  Netherlands ~ 1991-2004 Cohort 138/7541 9.6 Healthy controls ~ Yes 8
8 Pasternak, (2011) Denmark 1998-2006 Cohort 209,692/107,466 2.1 ARB Yes 8
9 Azoulay, (2012) UK 1995-2010 Cohort 4200/39,668 6.4 BB/D Yes 8
10 Bhaskaran (2012) UK 1995-2010 Cohort 2144/360,679 4.6 ARB Yes 8
1 Hallas, (2012) Denmark 2000-2005 Case-Control 16,343/65281 2.7 Healthy controls  Yes 7
12 “Chiang, (2014) Taiwan 2000-2009 Cohort 4971/ 24,855 2.36 BB/CB/D Yes 6
13 Hicks, (2018) UK 1995-2015 Cohort 208,353/16,027 6.4 ARB Yes 8

" Assessed risk of group of cancers including lung cancers; ARB =angiotensin receptor blocke, BB=beta blockers, CB=calcium channel blockers, D=diuretics.

randomized control trial) were carried out between 1980 and
2015 were included in the systematic review and meta-
analysis.'771%2773¢1 The flow chart of study selection for the
systematic review is shown in Figure 1. The studies provided data
on 458,686 ACEI users and 656,119 non-ACElIs antihyperten-
sive users or controls. The range of follow-up period of the studies
was 2.0 to 9.6 years. Most of the studies included in the review
were high quality studies with a NOS score of 7 to 9. The
characteristics of studies included in the systematic review are
summarized in Table 1.

3.2. ACEIs use and lung cancer

Figure 2 summarizes the meta-analysis on the association
between ACEIs use and lung cancer. Overall, pooled risk ratios
indicate that ACEIs use was not associated with an increased risk
of lung cancer among individuals who received the medication
(RR 0.982, 95% C.I. 0.873 — 1.104; P=.76). There was
significant heterogeneity between the studies (Q=52.54; P
<.001; ’=86.07).

3.3. ACEIls use and lung cancer according to duration of
exposure

Figure 3 summarizes the meta-analysis on the association
between ACEIs use and lung cancer according to duration of
exposure to ACEIs. Overall, four studies reported outcomes on
participants who were exposed to ACEIs over five years. There
was no significant association between ACEIs use and lung
cancer in studies with over five years of ACEIs exposure (RR
0.95, 95% C.I. 0.75 - 1.20; P=.70). Also, no significant
association was detected in the nine studies with < Syears of
exposure to ACEIs (RR 0.98,95% C.1. 0.83 - 1.15; P=.77). In
addition, the interaction test evaluating the difference between
the stratified subgroups was not statistically significant (P=.83).
There was significant heterogeneity in the studies belonging to
both groups (P=.0001, 1*°=82.3%; P<.001, I*=76.7%%,
for > Syears and <Syears duration studies, respectively)

3.4. ACEIs use and lung cancer: subgroup analysis

The study also assessed the pooled risk ratios of lung cancer in
individuals exposed to ACEIs stratified by study design (Table 2).

There were no statistically significant differences in the pooled
risk ratio obtained from case control studies (RR 1.06, 95% C.1.
0.82 — 1.37; P=.66), cohort studies (RR 0.94, 95% C.I. 0.81 —
1.10; P=0.12) and randomized controlled trials (RR 1.01, 95%
C.1.0.65 - 1.56; P=.55). Also, the interaction test evaluating the
difference between these stratified subgroups was not statistically
significant (Q=0.65; P=.723).

Furthermore, we also assessed the pooled risk ratios of lung
cancer in individuals exposed to ACEIs stratified by the
comparator regimen (Table 2). There were no statistically
significant differences in the pooled risk ratio obtained from
individuals whose comparator regimen was an angiotensin
receptor blocker (RR 1.11; 95% C.I. 0.89 — 1.39), a B-blocker/
calcium channel blocker/diuretics (RR 0.82; 95% C.I. 0.64 —
1.05) and those who were healthy/hospital controls (RR 0.91;
95% C. L. 0.66 — 1.25). The interaction test evaluating the
difference between these stratified subgroups was not statistically
significant (Q=3.37; P=.19).

In studies where adjustments for smoking were not made in the
study population, the risk of lung cancer among ACEIs users was
(RR 0.85,95% C.1. 0.72 = 1.01; P=.06), while in studies where
adjustment for smoking status were made, the risk was (RR 1.14,
95% C.1.0.96 = 1.35; P=.13). The interaction test evaluating the
difference between these stratified subgroups was statistically
significant (Q=5.85; P=.02). In studies conducted predomi-
nantly among European population (N=8), the risk of lung
cancer among ACEIs users was (RR 1.09, 95% C.I. 0.99 - 1.20;
P=.07), while in studies conducted predominantly in North
American population (N=3), the risk was (RR 0.98, 95% C.1I.
0.74 — 1.29; P=.87). Also, the interaction test evaluating the
difference between these stratified subgroups was not statistically
significant (Q=0.54; P=.46). One study was a multicenter study
involving 40 countries, while there was also one study in
predominantly Asian population.

3.5. Meta-regression and publication bias

A meta-regression analysis was performed using the random-
effects model to evaluate the relationship between exposure to
ACElIs, risk for lung cancer with duration of exposure as a
continuous moderator. We found a very small trend of a
reduction in the risk of lung cancer with a higher duration of
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Figure 2. Forest plot of the meta-analysis on the association between ACEls use and lung cancer.

treatment with ACEIs (B coefficient for slope=-00027; 95% CI
-0.13 t0 0.12); however, this trend was not statistically significant
(Q=2.29; P=.13).

In the funnel plot analysis (Fig. 4), there was absence of
asymmetry suggesting that there is no evidence of publication
bias. However, Duval and Tweedie’s trim and fill indicate that
there might be one missing study to the right of the mean of the
funnel plot. Egger’s regression test (Egger test P=.05); and Begg
and Mazumdar’s test for rank correlation (P=.10) both did not
reveal any evidence of publication bias.

4. Discussion

In this study, we found that the use of ACEIs was not significantly
associated with a risk of lung cancer. Also, no significant
relationships were evident between ACEISs use and the risk of lung
cancer when the data was stratified according to duration of
exposure, study design or comparator regimen. Also, we found
that there was no significant trend between exposure to ACEI and
the risk for lung cancer with duration of exposure as a continuous
moderator. Given the importance of ACEIs in the management of
individuals with cardiovascular and renal diseases, our study
provides important information to further strengthen the
evidence for the safety of ACEIs use.

Our finding of no significant association between ACEIs use
and the risk of lung cancer affirms the findings of previous meta-
analyses of randomized controlled trials which did not report any
evidence of an association between the exposure to ACEIs/

angiotensin-receptor blockers and any cancer risk, as well as no
link between ACEI use and lung cancer based on RCTs.""*! Our
findings further affirm the safety of ACEIs especially with respect
to its association with the risk of developing lung cancer.
Furthermore, when the risk ratios were stratified according to the
comparator regimens, there was an 11% increase in risk and an
18% reduction in risk of lung cancer when ACEI use was
compared to ARBs and other hypertensive medications (3-block-
ers, calcium blockers and diuretics), respectively. However, these
changes in risk were not statistically significant. This suggest that
receiving any of the comparator regimens might modify the
relationship between ACEI use and lung cancer and this deserves
further studies.

Furthermore, we did not find any significant association in the
trend in risk of lung cancer with duration of treatment with
ACEIs. A recent cohort study suggested that the use of ACEIs for
less than five years, 5 to 10years and over 10years were
associated with no risk, 22% increased risk and 33% increased
risk for lung cancer, respectively.!'”! Therefore, there is a need for
further long-term follow up of individuals on treatment with
ACEIs for over a decade to better characterize its cancer (and lung
cancer) risk.

Earlier studies have suggested that the possibility of an
association between exposure to ACEIs and the development of
lung cancer is biologically-plausible.”~**! This is because both
angiotensin I and angiotensin converting enzyme contributes to
the metabolism of bradykinin in the lungs.**! Therefore, with
consistent inhibition of the angiotensin converting enzyme and its
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Figure 3. Forest plot of the meta-analysis on the association between ACEls use and lung cancer according to duration of exposure to ACEls.

pathway, bradykinin accumulates in the lung tissues.3*~*!

Moreover, in several malignant tissues including pulmonary
tumors, studies have found increased activity of bradykinin
receptors, and bradykinin has been reported to directly stimulate
the growth of pulmonary cancers through amplification of the
proliferation of vascular endothelial growth factors as well as
indirectly through increasing vascular permeability by activating
matrix metallopeptidases which play a role in angiogenesis and
organogenesis. > 2!

The findings of this meta-analysis are in contrast with these
observations. The potential mechanism to explain the findings of
this study is that ACEIs vary in their absorption, potency and

tissue affinity.[****! Older generation ACEIs such as captopril,
and enalapril have been found to have low-tissue affinity whereas
newer generation ACEls such as ramipril, perindopril and
quinapril have been shown to be lipophilic with a high-tissue
affinity for the ACE."*>**! Previous experimental studies have
shown that exposure to high-affinity ACEIs such as quinapril or
perindopril reportedly promotes angiogenesis in some individuals
with malignancy mediated by the bradykinin B(2) receptor
pathway or by the stimulation of the vascular endothelial growth
factors.[**3** However, other studies have shown that exposure
to low-tissue affinity ACEIs such as captopril inhibited tumor
angiogenesis and growth, induced apoptosis and reduced

Pooled risk ratios of lung cancer in individuals exposed to ACEls stratified by subgroups.

Subgroups RR (95% CI) Q (P -value) Number of studies Heterogeneity 12 (P -value)
Study design 0.65 (.72)
Case-Control 1.06 (0.82-1.37) 4 (0).44
Cohort 0.94 (0.81-1.10) 8 (85.8%) <.001
RCT 1.01 (0.65-1.56) 1 (0) 1.00
Comparator regimen 3.37 (19)
ARB 1.11 (0.89-1.39) 4 (0) .60
BB/CCB/D 0.82 (0.64-1.05) 6 (88.9%) <.001
Controls 0.91 (0.66-1.25) 3 (36.9) .21
Duration of ACEI use 0.05 (.83)
<5 years 0.95 (0.75-1.20) 9 (76.7%) .001
>5 — 10 years 0.98 (0.83-1.15) 4 (82.3%) .001

ARB=angiotensin receptor blocker, BB=beta blockers, CB=calcium channel blockers, D= diuretics.
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Figure 4. Funnel plot analysis of the meta-analysis on the association between ACEIls use and lung cancer.

metastasis.[*”*8 Furthermore, other studies have shown that
ACEIs which activates peroxisome proliferator-activated recep-
tor-gamma induce apoptosis of malignant cells lowering lung
cancer growth and lymph node metastasis.***% Therefore,
differences in the type ACEIs administered to participants might
have contributed to the risk of lung cancer reported by some
previous studies.

The study has a number of strengths and limitations. A major
strength of this study is that despite the serious concerns
regarding the use of ACEI and the risk of lung cancer, this is the
first attempt to systematically evaluate and quantify this risk.
Secondly, we were able to quantify this risk in a large group of
patients exposed to ACEIs compared with non-ACEIs exposed
persons. Third, we found that the use of ACEI was not associated
with an increased risk of lung cancer.

However, the study has a number of limitations. First, all
except one, of the included studies were analytical studies,
therefore any causal inference between the use of ACEIs and
lung cancer risk needs to be interpreted with caution. Secondly,
because majority of the studies included in the meta-analysis
were either case-control or cohort studies, they are prone to bias
from both residual confounding and confounding by indica-
tion.’!! Third, in some of the studies included in the analysis,
the effect size estimates were not adjusted for important
confounders such as smoking status — this could have
contributed to the conflicting findings of previous studies.
We have added a sub-group analysis in our results according to
whether adjustments were made for smoking status in the
primary studies. Fourth, the type and dose of ACEIs adminis-
tered might have contributed to the differences in lung cancer
risk reported by previous studies. Only a few of the studies
included in the review mentioned the type, and none of them

gave the doses of ACEIs administered. Given that clinicians
are atliberty to prescribe any type of medication they feel will be
beneficial to their patients as well as adjust the dose as
necessary; and disaggregation of the risk according to the type/
dose of ACEI given were not available in the included
studies, we were unable to analyze lung cancer risk according
to the type of ACEIs used. Similarly, none of the studies
analyzed or reported risks according to gender. Fifth, we did not
include individual patient data in the meta-analysis, data
availability bias is thus a potential concern and bias in the
misclassification of the outcomes of the studies included in the
analysis cannot be completely ruled-out. Sixth, we did not
perform a subgroup analysis on statin use. A previous study has
suggested that statin use for over 6 months was associated with
a 55% risk reduction for lung cancer,® and another study
suggested that statin use moderated the risk of several types of
cancers.*3! These limitations need to be considered in the design
of future studies. Finally, although there is no evidence for
publication bias, this cannot be completely ruled out. Despite
these limitations, our findings are very crucial for clinical care
and policy.

In conclusion, use of ACEIs was not associated with an
increased risk of lung cancer. The findings of this study should
reassure treating physicians and patients about the safety of
ACEIs. Also, this finding is reassuring considering the widespread
use and beneficial effects of ACEIs for several renal and
cardiovascular conditions. However, there is a need for further
longitudinal studies to evaluate the long-term (over 10years)
association between ACEIs use and lung cancer. Also, future
studies should evaluate the moderation effects of co-administra-
tion of statins, ACEIs use and lung cancer risk, and adequate
adjustments needs to be made for known confounders.
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