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ORIGINAL ARTICLE

Use of ACE (Angiotensin-Converting
Enzyme) Inhibitors and Risk of Lung Cancer
A Nationwide Nested Case-Control Study

BACKGROUND: Use of angiotensin-converting enzyme inhibitors (ACEls) Kasper Bruun

was associated with increased risk of lung cancer in a cohort study from Kristensen®, MD
the United Kingdom. We aimed to replicate these findings in a Danish Blanaid Hicks®, PhD
population. Laurent Azoulay®, PhD

, Anton Pottegard®, PhD
METHODS: We conducted a nested case-control study using data from 4

Danish national health and administrative registries. New users of ACEls
or angiotensin Il receptor blockers in Denmark from January 1, 2000
were followed until December 31, 2015, incident lung cancer, death, or
emigration. Each lung cancer case was matched with up to 20 controls
on age, sex, duration of follow-up, and year of cohort entry using risk-
set sampling. Conditional logistic regression was used to estimate odds
ratios (ORs) for incident, histologically verified lung cancer with high use
of ACEIs defined as a cumulative dose above 3650 defined daily doses.
We examined different cumulative doses of ACEI (£1800, 1801-3650,
>3650 defined daily doses), examined whether the association varied with
lung cancer histology, and repeated the analyses using thiazides as active
comparator.

RESULTS: We included 9652 lung cancer cases matched to 190055
controls. High use of ACEls was associated with lung cancer (adjusted
OR, 1.33[95% Cl, 1.08-1.62]). Lower cumulative doses showed neutral
associations (<1800 defined daily doses OR, 1.01 [95% Cl, 0.94-1.09];
1801-3650 defined daily doses OR, 1.03 [95% Cl, 0.90-1.19]). Cls were
wide and included the null when stratifying on histology. Using thiazides
as active comparator yielded comparable results (OR, 1.34 [95% ClI,
0.96-1.88]).

CONCLUSIONS: Use of high cumulative ACEI doses was associated with
modestly increased odds of lung cancer although use of lower doses
showed neutral associations. The established benefits of ACEls should be
considered when interpreting these findings.
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WHAT IS KNOWN

e A recent study reported that use of ACE (angio-
tensin-converting enzyme) inhibitors (ACEls) was
associated with lung cancer (hazard ratio, 1.14
[95% CI, 1.01-1.29]) compared with angiotensin
receptor blockers. The risk increased with increas-
ing duration of use with a hazard ratio of 1.31
(95% Cl, 1.08-1.59) for >10 years of ACEI use.

¢ Given the widespread use of ACEls, it is important
to replicate these findings in other populations.

WHAT THE STUDY ADDS

e We examined whether long-term use of ACEIs
was associated with increased lung cancer risk in
a nationwide Danish study.

e We found a modestly increased risk of lung can-
cer associated with use of high cumulative doses
of ACEIls (odds ratio, 1.33 [95% Cl, 1.08-1.62]).
However, associations for lower doses of ACEIs
were neutral.

e Further research is needed and a meta-analysis of
data (published and unpublished) from random-
ized controlled trials assessing the risk of lung can-
cer with ACEI use is warranted.

CE (angiotensin-converting enzyme) inhibitors
A(ACEIS) are widely used as first-line antihyper-

tensive drugs, have been shown to improve sur-
vival in heart failure, and have renoprotective effects in
patients with diabetes.” Recently, concerns that ACEls
increase the risk of lung cancer were raised in a cohort
study that reported an increased risk of lung cancer as-
sociated with ACEls compared with angiotensin recep-
tor blockers (ARBs), particularly for 10 or more years of
use (hazard ratio, 1.31 [95% Cl, 1.08-1.59]).2 There is
biological evidence to support this finding, as use of
ACEls could promote lung cancer development through
accumulation of bradykinin and substance P in lung tis-
sue, both of which may play a role in carcinogenesis.>#
With the high prevalence of ACEI use, even a modest
relative risk increase potentially translates into a large
absolute number of patients at excess risk of lung can-
cer. Thus, there is a need for the findings of the recent
cohort study of patients from the United Kingdom to be
replicated in other settings, particularly among patients
exposed to ACEIs for longer durations. We examined the
association between ACEls and lung cancer using the
Danish health registries and further examined whether
the association varied with lung cancer histology.

METHODS

We conducted a population-based, nationwide study to
examine whether use of high cumulative ACEI doses was
associated with an increased risk of lung cancer in a Danish
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setting. We used a nested case-control study design with a
source population of new users of ACEIls or ARBs in Denmark
during 2000 to 2015. In this population, we identified inci-
dent lung cancer cases and matched each case to up to 20
controls using risk-set sampling. Using conditional logistic
regression, we obtained odds ratios (ORs) for lung cancer
associated with ACEI use compared with ARB use.

Data Sources
We used individual level data from Danish civil and health
registries. Vital status, date of birth, sex, and migration
was obtained from the Danish Civil Registration System.’
Information on drug use is recorded in the Danish National
Prescription Registry with data on all prescriptions filled at
community pharmacies in Denmark since 1995 including date
of dispensing, anatomic therapeutic chemical code, pack size,
and strength.® We identified incident lung cancers using the
Danish National Cancer Registry.” The completeness of lung
cancer diagnoses in the Danish Cancer Registry has been vali-
dated in 2006 with a sensitivity of 98%.8 Comorbid conditions
were identified using the Danish National Patient Registry with
diagnoses from all inpatient contacts since 1978 and all emer-
gency department and outpatient contacts since 1995.°
Because of the sensitive nature of the Danish administra-
tive and health registry data, individual level data cannot be
shared by the authors and is only accessible via the Danish
Health Data Authority or Statistics Denmark. The statistical
code is available upon request to the corresponding author.

Study Population

The source population was new users of ACEls or ARBs in
Denmark between 2000 and 2015. To ensure inclusion of new
users only, patients who had filled a prescription for ACEls or
ARBs during 1995 to 1999 were not eligible. Cohort entry
was defined as the date of the first prescription. We excluded
individuals aged 18 years or below at cohort entry, individu-
als who migrated within 1 year before cohort entry and indi-
viduals with any history of cancer (except nonmelanoma skin
cancer) before cohort entry (Figure 1)."° Follow-up began at
cohort entry and continued until censoring at the time of
incident lung cancer, migration, death, or end of the study
period (December 31, 2015). For latency considerations, only
case patients with at least 1 year of follow-up between cohort
entry and diagnosis of lung cancer were included. We used
risk-set sampling to select controls from the same cohort of
new users of ACEIls or ARBs. At the time of each case defining
event, we sampled 20 controls from the cohort that were still
at risk of lung cancer to each case. Controls were matched
on age, sex, year of cohort entry, and duration of follow-up
and were assigned an index date corresponding to the date
of diagnosis of their case. The cumulative exposure assess-
ment window began at cohort entry and continued until 1
year before the date of diagnosis for cases and their matched
controls (ie, a 1-year lag period was applied).

We chose a nested case-control study design because of the
long follow-up period and multiple time-varying exposure defini-
tions, where the case-control analysis is computationally efficient
and, with risk-set sampling, produces odds ratios that are unbi-
ased estimators of the hazard ratios from the cohort study.™

January 2021 18



T20z ‘8 |udy uo Aq Bio'sfeuinofeye//:dny woly papeojumod

Kristensen et al; Use of ACE Inhibitors and Risk of Lung Cancer

Initiation of ACEI/ARB (cohort entry)
Dayo

Washout Window
(No ACE/ARB)

Days [- oo, -1]

Exclusion Assesment Window (EXCL)
(Age <18)
Days [o]

EXCL
(Previous cancer except non-melanoma skin
cancer)
Days ['°°l '1]

EXCL
(Migrated to or from Denmark)
Days [-365, -1]

Covariate Assessment Window
(Baseline conditions)
Days ['°°l '1]

a. Censored at lung cancer, other
cancer except non-melanoma skin
cancer, death, migration, or end of
the study period (Dec 31 2015)

b. Controls risk-set matched on age,
sex, year of cohort entry, and
duration of follow-up

Exposure Assessment Window

Follow-up Window
Days ([0, Censor?]

EXCL
(<1 year between cohort
entry and censor date)
Days [0, 365]

Event date®

(ACE inhibitors, ARBSs)
[0, event date — 365]

Time

Figure 1. Study timeline.

ACEl indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; and EXCL, exclusion criteria.

Exposure

We defined the main exposure of interest as use of a cumula-
tive ACEI dose above 3650 defined daily doses (DDD). The
DDD is a measure of the daily maintenance dose for a drug
when used for its main indication in adults.’? Under these
assumptions, a cumulative dose of 3650 corresponds to =10
years of treatment. The main exposure was defined based
on previous findings that long-term ACEl use was associ-
ated with increased lung cancer risk.? We classified cases and
controls into the following mutually exclusive groups: use of
ACElIs alone; use of ARBs alone; and use of both ACEls and
ARBs. We compared use of ACEIls alone with use of ARBs
alone and allowed the reference category of ARBs alone to
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change with increasing ACEI dose, that is, a cumulative ACEI
dose above 3650 DDDs was compared with a cumulative ARB
dose above 3650 DDDs. Because recent drug use is unlikely
to affect lung cancer risk and to minimize reverse causation
(initiation of antihypertensive therapy may be associated with
early symptoms of cancer),”* we disregarded drug use in the
year preceding the index date.

Outcome

The primary outcome was all histologically confirmed lung
cancers. Furthermore, we examined individual types of
lung cancer (adenocarcinoma, squamous cell carcinoma,
small cell carcinoma, other nonsmall cell carcinomas) based
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on morphology codes from the International Classification
of Diseases for Oncology version 3 (Methods in the Data
Supplement).'*

Potential Confounders

All covariates were measured before cohort entry to avoid
adjusting for on-treatment covariates. We adjusted for age,
sex, year of cohort entry, and follow-up duration by design.
In adjusted models, we included the following covariates
defined by ambulatory or discharge diagnoses and/or 2 or
more filled drug prescriptions: alcohol related disorders, lung
diseases (pneumonia, tuberculosis, chronic obstructive lung
disease); use of statins, total number of filled prescriptions for
unique drug classes the year before cohort entry as a measure
of comorbidity and highest achieved education as a proxy of
socioeconomic status (Methods in the Data Supplement).

Statistical Analyses

We calculated ORs for lung cancer associated with high use
of ACEls compared with high use of ARBs using conditional
logistic regression. To examine dose-response, we categorized
ACEI| dose (1800, 1801-3650, 3651 and above DDDs) and
used the corresponding cumulative ARB dose as reference in
conditional logistic regression models. Additionally, we mod-
eled cumulative dose as a continuous variable using restricted
cubic splines with 3 knots located at the 10th, 50th, and 90th
percentile.”™ We further included duration of use as a continu-
ous variable in a linear unconditional logistic regression model
restricted to ever-users of ACEls where the matching variables
age, sex, calendar time, and year of first ACEI/ARB prescrip-
tion were included as covariates.

We evaluated the potential for effect measure heteroge-
neity or effect measure modification from sex, age, a diagno-
sis of heart failure, ischemic heart disease, or diabetes before
initiation of ACEI/ARB therapy and clinical stage by including
these as interaction terms in the adjusted model. To test for
effect heterogeneity or effect measure modification, we con-
ducted likelihood ratio tests of the model without interaction
terms nested in the model with interaction terms.

We calculated E-values to quantify the minimum strength
of association between an unmeasured confounder such as
smoking and the exposure/outcome for unmeasured con-
founding to explain away the main result.™

Sensitivity and Supplementary Analyses
To examine whether reverse causation could influence the
results, we varied the lag period from 0 to 4 years in sensitiv-
ity analyses. In an additional sensitivity analysis, we used ever
use of ARBs as the reference category for all cumulative dose
categories of ACEI, corresponding to the analysis in the study
we aimed to replicate.?

To account for patients who used both ACEl and ARBs
during the study period, we allowed for switching between
these drugs by including moderate users (cumulative dose
below 365 defined daily doses) of ARBs in the ACEI group and
vice versa. In the primary analysis, covariates were measured
before cohort entry. In supplementary analyses, we allowed
the covariates to change during follow-up by measuring
covariates in a time-dependent manner until 1 year before the
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index date. Last, to examine the robustness of our findings
with regard to the choice of active comparator, we repeated
the study with thiazides as active comparator instead of ARBs.
To this end, we identified cases and sampled controls from a
source population of new users of ACEIls or thiazides from
2000 onward using a washout period of 1995 to 1999 with
the same analytic methods as in the main analyses with ARBs
as active comparator.

RESULTS

We identified 14872 new users of ACEIs/ARBs diag-
nosed with lung cancer during 2000 to 2015. Of
these, 9652 cases were eligible for study inclusion and
matched to 190055 controls (Figure 2). The mean age
(SD) of cases was 71 (9) years and 55% were male
(Table 1). The mean duration (SD) of follow-up from
cohort entry to lung cancer diagnosis was 5.6 (3.2)
years. The dominant type of lung cancer was adenocar-
cinoma (42%), followed by squamous cell carcinoma
(24%), other nonsmall cell carcinoma (17%), and small
cell carcinoma (17%). Most patients (52%) presented
with metastatic disease (TNM stage IV) at time of diag-
nosis. Among cases, 915 (9.5%) were high users of
ACEIls with no use of ARBs and 151 (1.6%) were high
users of ARBs with no use of ACEls.

High use of ACEls was associated with a 33%
increased risk of lung cancer (adjusted OR, 1.33 [95%
Cl, 1.08 to 1.62]; Table 2). This association was not
observed with cumulative doses between 1 and 1800
and 1801 and 3650 DDDs (OR, 1.01 [95% Cl, 0.94-
1.09] and 1.03 [95% ClI, 0.90-1.19], respectively).
When including cumulative dose of ACEI as a continu-
ous variable using restricted cubic splines, the increased
risk was apparent with ACEI doses above »4000 DDDs
and continued to increase hereafter (Figure 3). When
cumulative dose was included as a continuous variable
in a linear logistic regression model, the risk increased
with increasing dose (P<0.001). Small cell carcinomas,
other nonsmall cell carcinomas, and squamous cell car-
cinomas showed the strongest association with ORs of
1.54 (95% Cl, 0.90-2.62), 1.48 (95% Cl, 0.85-2.59),
and 1.45 (95% Cl, 0.96-2.19), respectively (Table 2).
The ORs were closer to unity for adenocarcinomas of
the lung (OR, 1.15 [95% ClI, 0.86-1.55]). However, in
these subgroup analyses, the number of events were
small and the Cls were wide, precluding evaluation of
effect heterogeneity by lung cancer type. There was no
evidence of effect measure modification by sex, age,
heart failure, ischemic heart disease, diabetes, or clini-
cal stage (Table 3).

When varying the lag period, the OR was 1.19 (95%
Cl, 1.00-1.42) for no lag period and increased to 1.37
(95% ClI, 1.07-1.74) applying a 2-year lag period (Fig-
ure 4). Increasing the lag period to 3 and 4 years yield-
ed similar point estimates but with less precision, for
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New users of ACEI/ARBs with lung cancer,
N=14,872

Less than 1 year of follow-up, n=2180

Age < 18 years at first ACE/ARB prescription, n=0

Previous cancer except non-melanoma skin cancer, n=1612

Migrations, n=99

Lung cancer not histologically verified, n=1329

Included lung cancer cases, N=9652
ACEI users, N=5470
ARB users, N=1772
Use of both ACEI and ARB, N=2410

Figure 2. Flowchart of selection of cases.

ACE indicates angiotensin-converting enzyme; ACEI, ACE inhibitor; and ARB, angiotensin receptor blocker.

example, the OR for a 4-year lag period was 1.23 (95%
Cl, 0.86-1.75).

With ever-use of ARBs as reference throughout all
categories of cumulative ACEl doses, the ORs were
comparable to the main analyses (Figure 4, Table | in
the Data Supplement).

Allowing for switching between ACEls and ARBs
did not change the observed association with high
use of ACEIls and lung cancer considerably (OR, 1.24
[95% Cl, 1.06-1.45]; Figure 4, Tables Il and Il in the
Data Supplement).

The analyses where the included covariates were
measured in a time-dependent manner during follow-
up did not change the main results with an OR of 1.28
(95% Cl, 1.04-1.57) for high use of ACElI and 1.02
(95% Cl, 0.96-1.08) for ever-use of ACEls.

When repeating the study with thiazides as active
comparator, the study population consisted of 11091
cases that were matched to 219295 controls (Figure | in
the Data Supplement, Table IV in the Data Supplement).
The adjusted OR for high use of ACEls compared with
high use of thiazides was 1.34 (95% Cl, 0.96-1.88).
When stratifying by lung cancer histology, the associa-
tion was most marked for adenocarcinomas 1.72 (95%
Cl, 1.00-2.94) while the OR for small cell carcinoma
was close to unity (OR, 0.97 [95% Cl, 0.43-2.15]; Table
V in the Data Supplement).

The E-value, that is, the minimum strength of asso-
ciation on the risk ratio scale required for an unmea-
sured confounder associated with the exposure as well
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as the outcome to explain away the association, was
1.99 (Figure 5).

DISCUSSION

We examined whether high use of ACEls was associ-
ated with increased risk of lung cancer and whether
the association varied with lung cancer histology. Use
of a high cumulative ACEl dose was associated with a
33% increased risk of lung cancer. The increased risk
was confined to high cumulative doses of ACEls and
not apparent with doses below =3650 DDDs. We did
not observe strong evidence that the increased risk was
linked to a specific histological type of lung cancer.
Our main findings are compatible with the findings
of the study we aimed to replicate, where a hazard ratio
of 1.31 (95% Cl, 1.08-1.59) for more than 10 years
of ACEI use was reported.? However, while we found
no associations with ever-use and lower cumulative dos-
es, the previous study reported a HR of 1.14 (95% (I,
1.01-1.29) for ever-use of ACEls. We included 915 lung
cancer patients with exposure to high cumulative ACEI
doses compared with 197 exposed lung cancer patients
in the UK study. As the previous study, we had a long
follow-up, included only new users of ACEls or ARBs
minimizing the risk of prevalent user bias, and used an
active comparator to minimize confounding by indica-
tion. Further, applying a risk-set sampling scheme avoid-
ed time-window biases and allowed for time-varying
exposure. Previous observational studies have produced
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Characteristics of Lung Cancer Cases and Matched Controls

Patient characteristic*

Cases Controls
All controls ACEI exposedt ARB exposed#
(n=9652) (n=190055) (n=104860) (n=36474)

Basic characteristics

Male, n (%)

5341 (55.3%)

105059 (55.3%)

61683 (58.8%)

18723 (51.3%)

Female, n (%)

4311 (44.7%)

84996 (44.7%)

43177 (41.2%)

17751 (48.7%)

Age, mean (SD), y

71.2 (8.6)

71.4(8.2)

71.4(8.3)

70.7 (8.4)

Follow-up, mean (SD), y

5.6 (3.2)

5.6 (3.2)

5.1(3.0)

5.2(3.2)

Lung cancer histology, n (%)

Adenocarcinoma

4048 (41.9%

Squamous cell carcinoma

Small cell carcinoma

Other nonsmall cell carcinoma

( )
2321 (24.0%)
1637 (17.0%)
1646 (17.1%)

Clinical stage of lung cancer, n (%)

Stage IA-IIB

1923 (19.9%)

Stage lll 2138 (22.2%)
Stage IV 4987 (51.7%)
Unknown 604 (6.3%)

Use of other antihypertensive drugs,

n (%)§

Alpha blockers

102 (1.1%)

2241 (1.2%)

1265 (1.2%)

481 (1.3%)

f blockers 2413 (25.0%) 45093 (23.7%) 24243 (23.1%) 8892 (24.4%)
Calcium channel blockers 1580 (16.4%) 29966 (15.8%) 15337 (14.6%) 6575 (18.0%)
Centrally acting antihypertensives | 24 (0.2%) 470 (0.2%) 210(0.2%) 121 (0.3%)

Thiazides

2621 (27.2%)

54687 (28.8%)

29263 (27.9%)

10410 (28.5%)

Renin inhibitors

(n<5)

23(0.0%)

8(0.0%)

14 (0.0%)

No. of unique drug classes used, n (%)§

0 1160 (12.0%) 26224 (13.8%) 15284 (14.6%) 4639 (12.7%)
1 1016 (10.5%) 24564 (12.9%) 13918 (13.3%) 4704 (12.9%)
2 1072 (11.1%) 24921 (13.1%) 13938 (13.3%) 4656 (12.8%)
3 1036 (10.7%) 23321 (12.3%) 12859 (12.3%) 4474 (12.3%)
=4 5368 (55.6%) 91025 (47.9%) 48861 (46.6%) 18001 (49.4%)

Medical history, n (%)§

Lung diseases (COPD,
pneumonia, tuberculosis)

1702 (17.6%)

16915 (8.9%)

10216 (9.7%)

2836 (7.8%)

Alcohol-related conditions

657 (6.8%)

6401 (3.4%)

3971 (3.8%)

1047 (2.9%)

Statin use

1914 (19.8%)

32880 (17.3%)

19078 (18.2%)

5753 (15.8%)

Education, n (%)

Short 4772 (49.4%) 79924 (42.1%) 45801 (43.7%) 14130 (38.7%)
Medium 3463 (35.9%) 69843 (36.7%) 38024 (36.3%) 13431 (36.8%)
Long 1025 (10.6%) 31772 (16.7%) 16171 (15.4%) 7238 (19.8%)
Unknown 392 (4.1%) 8516 (4.5%) 4864 (4.6%) 1675 (4.6%)

ACE indicates angiotensin-converting enzyme; ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; and COPD, chronic
obstructive pulmonary disease.

*Characteristics were measured at the time of diagnosis or sampling (index date) unless mentioned otherwise.

TExposed controls defined as ever-users of ACEls with no use of ARBs.

$Unexposed controls defined as ever-users of ARBs with no use of ACEIs.

§Measured before cohort entry, that is, initiation of ACEls or ARBs.

conflicting findings with increased'-'° as well as neutral
risks?0-23 for ACEls associated with lung cancer. Of these
studies, only one was designed specifically to assess the

association with ACEls and lung cancer and reported a
neutral association. This study had a maximum follow-
up of 5 years, thus the lack of an association reported
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Cases exposed to

Controls exposed

ACEI/ARB to ACEI/ARB Unadjusted OR* Adjusted ORt
Lung cancer overall
Ever use of ACEI 5470/1772 104 860/36474 1.08 (1.02-1.15) 1.04 (0.98-1.10)
High use of ACEI (>3650 DDD)# 915/151 16 110/3446 1.37(1.12-1.68) 1.33(1.08-1.62)
Cumulative dose of ACEI (DDD)
<1800 3500/1224 67823/24813 1.06 (0.98-1.13) 1.01 (0.94-1.09)
1801-3650 1055/397 20931/8215 1.06 (0.92-1.22) 1.03(0.90-1.19)
3651- 915/151 16 106/3446 1.37 (1.12-1.68) 1.33(1.08-1.62)
Test for trend 5470 104860 P<0.001 P<0.001
Adenocarcinoma
Ever use of ACEI 2225/777 43334/15141 1.00 (0.92-1.10) 0.97 (0.89-1.06)
High use of ACEI (>3650 DDD)+ 388/74 6946/1517 1.19 (0.89-1.59) 1.15 (0.86-1.55)
Cumulative dose of ACEI (DDD)
<1800 1390/518 27589/10143 0.98 (0.88-1.10) 0.95 (0.85-1.06)
1801-3650 447/185 8799/3481 0.98 (0.80-1.20) 0.94 (0.76-1.16)
3651 388/74 6946/1517 1.19 (0.89-1.59) 1.15(0.86-1.55)
Test for trend 2225 43334 Pvalue: 0.19 Pvalue: 0.22
Squamous cell carcinoma
Ever use of ACEI 1351/394 25633/8413 1.14(1.01-1.29) 1.08 (0.96-1.22)
High use of ACEI (>3650 DDD)# 244/37 4171/873 1.57 (1.05-2.35) 1.45 (0.96-2.19)
Cumulative dose of ACEI (DDD)
<1800 836/274 16188/5548 1.06 (0.92-1.23) 1.00 (0.86-1.16)
1801-3650 271/83 5276/1992 1.15(0.86-1.53) 1.13(0.84-1.52)
3651- 244/37 4169/873 1.57 (1.05-2.35) 1.45 (0.96-2.19)
Test for trend 1351 25633 Pvalue: 0.025 Pvalue: 0.014
Small cell carcinoma
Ever use of ACEI 949/287 17866/6328 1.19(1.04-1.37) 1.14 (0.99-1.32)
High use of ACEI (>3650 DDD)% 145/20 2540/516 1.58 (0.94-2.65) 1.54 (0.90-2.62)
Cumulative dose of ACEI (DDD)
<1800 631/199 11910/4393 1.22 (1.02-1.45) 1.18(0.99-1.40)
1801-3650 173/68 3417/1419 1.15(0.82-1.62) 1.08 (0.76-1.53)
3651- 145/20 2539/516 1.58 (0.94-2.65) 1.54 (0.90-2.62)
Test for trend 949 17866 Pvalue: 0.15 Pvalue: 0.18
Other nonsmall cell carcinoma
Ever use of ACEI 945/314 18027/6592 1.10 (0.96-1.26) 1.06 (0.92-1.21)
High use of ACEI (>3650 DDD)# 138/20 2453/540 1.47 (0.85-2.53) 1.48 (0.85-2.59)
Cumulative dose of ACEI (DDD)
<1800 643/233 12136/4729 1.08 (0.92-1.27) 1.05(0.89-1.24)
1801-3650 164/61 3439/1323 1.10(0.77-1.56) 1.11(0.77-1.59)
3651- 138/20 2452/540 1.47 (0.85-2.53) 1.48 (0.85-2.59)
Test for trend 945 18027 P value: 0.058 P value: 0.062

ACE indicates angiotensin-converting enzyme; ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; DDD, defined daily dose; and OR,

odds ratio.

*Adjusted for age, sex, calendar time, year of initiation of ACEI/ARB and follow-up duration by design (matching)
tAdjusted for alcohol related conditions, lung diseases (pneumonia, tuberculosis, chronic obstructive lung disease), use of statins, total

number of filled prescriptions for unique drug classes the year before cohort entry, and the highest achieved education.
$High use of ACEls was the predefined main exposure of interest.
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0Odds ratio for lung cancer

Figure 3. Association between cumula-
tive dose of ACE (angiotensin-converting
enzyme) inhibitors in defined daily doses
(DDD) and lung cancer.
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in that study is not incompatible with our findings of no
association with low cumulative doses.? Evidence from
randomized controlled trials (RCTs) is sparse. Two meta-
analyses have assessed whether ACEls increase overall
cancer risk and reported neutral risk ratios of 1.01 (95%
Cl, 0.95-1.07)* and 1.00 (95% Cl, 0.92-1.09).% Of
note, the mean follow-up for the included RCTs was 3.5
years. To our knowledge, there is currently no published
meta-analyses of RCTs regarding the risk of lung cancer
specifically. Although the limited follow-up and relative-
ly small sample size of RCTs render it difficult to detect
rare events presenting with long latency, a meta-analysis
of RCT data on ACEls and lung cancer is warranted con-
sidering the available observational evidence.

There is a biologic rationale that ACEIls could pro-
mote development of lung cancer. Inhibition of the
ACE results in accumulation of bradykinin in the
lung.?® Bradykinin receptors are present in human
lung cancer tissue*?” and may stimulate growth of
lung cancer through release of vascular endothelial
growth factor promoting angiogenesis and activa-
tion of matrix metalloproteinases.?¢?° Further, ACEls
result in accumulation of substance P associated with
tumor proliferation and angiogenesis.* Both ARBs and
ACEIls act on the renin-angiotensin-aldosterone sys-
tem; however, unlike ACEls, ARBs do not cause accu-
mulation of bradykinin in lung tissue. Other biological
studies show that the ACEI captopril inhibited tumor
growth and metastasis in mice®; thus, the biological
evidence is conflicting with regard to the potential car-
cinogenic effect of ACEls on lung cancer.

In the present study, the OR was the highest for
small cell carcinomas; however, the Cls were wide
when stratifying by lung cancer type and when using
thiazides as active comparator, the ORs for small cell
carcinoma associated with ACEls were close to unity.

Circ Cardiovasc Qual Outcomes. 2021;14:e006687. DOI: 10.1161/CIRCOUTCOMES.120.006687

Further, we are not aware of biological mechanisms
that would explain an increased risk of small cell car-
cinomas in favor of other lung cancer types. Rather,
bradykinin receptors are expressed in both small cell
carcinoma and nonsmall cell carcinomas of the lung.?’

We were not able to adjust for smoking and BMI.
Thus, residual confounding is possible, however,
substantial imbalance in the prevalence of smoking
between users of ACEls and ARBs is not likely. For
example, there was little difference in the prevalence
of smokers between ACEI users (48%) and ARB users
(42%) in the study we replicated.? Assuming that the
prevalence of smoking is distributed similarly in the
Danish population (corresponding to a relative risk of
1.14 for smoking associated with ACEl use compared
with ARBs) smoking alone would not be able to explain
away the association entirely even with implausibly
strong associations between lung cancer and smok-
ing.>' The E-value can be used to assess whether con-
founding by, for example, smoking may explain the
observed association. To fully explain the observed OR
of 1.33, a confounder would have to be associated
with both ACEI use and with lung cancer, each by a risk
ratio of 1.99 or more, in addition to the confounders
we were able to measure and adjust for. Other possible
confounders include diet, radon exposure, and family
history of lung cancer. Considering the modest relative
risk increase from our main analyses, we acknowledge
that residual confounding and potentially several con-
founders acting together to explain the observed asso-
ciation is difficult to rule out with confidence.

ACEls commonly cause dry cough that may lead to
increased diagnostic workup and increased likelihood of
detection of lung cancer. If detection bias were to explain
our findings, we would expect that the association would
be strongest with no lag period and disappear with
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Table 3. ORs for Lung Cancer Associated With High Use of ACE Compared With High Use of ARBs by Patient Characteristics

Cases exposed to Controls exposed
Subgroup ACEI/ARB to ACEI/ARB Unadjusted OR* Adjusted ORt Pvalue#
Sex 0.59
Male 571/73 10392/1802 1.44 (1.10-1.90) 1.40 (1.06-1.84)
Female 344/78 5718/1644 1.29 (0.96-1.73) 1.25(0.93-1.68)
Age 0.94
<65y 151/22 2543/479 1.29(0.75-2.21) 1.21(0.70-2.10)
65-75y 438/64 7719/1624 1.39(1.02-1.89) 1.36 (0.99-1.85)
>75y 326/65 5848/1343 1.38 (1.02-1.87) 1.34 (0.99-1.81)
Medical history
No heart failure 815/148 14684/3402 1.36 (1.11-1.66) 1.32(1.08-1.63) 0.33
No ischemic heart 688/135 12754/3175 1.33(1.08-1.65) 1.28 (1.03-1.59) 0.96
disease
No diabetes 770/134 13373/3058 1.39(1.12-1.72) 1.34 (1.08-1.67) 0.86
Clinical stage 0.65
Stage IA-IIB 203/34 3542/791 1.39(0.91-2.12) 1.35(0.88-2.07)
Stage Il 200/42 3646/791 1.14 (0.76-1.69) 1.08 (0.72-1.62)
Stage IV 474/72 8351/1750 1.46 (1.10-1.94) 1.42 (1.06-1.89)
Unknown 38/(n<5) 571/114 (...) (...)

ACE indicates angiotensin-converting enzyme; ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; and OR, odds ratio.

*Adjusted for age, sex, calendar time, year of initiation of ACEI/ARB and follow-up duration by design (matching).

TAdjusted for alcohol-related conditions, lung diseases (pneumonia, tuberculosis, chronic obstructive lung disease), use of statins, total
number of filled prescriptions for unique drug classes the year before cohort entry, and the highest achieved education.

$P value from a likelihood ratio test of the model without interaction terms nested in the model with interaction terms corresponding to

the subgroup of interest.

increasing lag periods. Further, a previous study reported
that initiators of ACEls had slightly more chest X-rays
taken compared with ARB initiators during the first 6
months after initiation but found no evidence of differen-
tial workup with regards to computed tomography scans,
magnetic resonance imagings, or bronchoscopies.??

The lag time analyses showed slightly attenuated
associations when no-lag time was applied, while the
point estimates were robust when the lag-time was
increased to 3 and 4 years. This finding could be due
to random error given the width of the Cls or could
indicate that recent use is not likely to affect cancer risk
and inclusion of such exposure will dilute the obtained
effect estimates. Identification of lung cancer cases was
based on the Danish Cancer Registry with a high sensi-
tivity in capturing lung cancer diagnoses. The specific-
ity with regards to lung cancer has not been reported.

However, the Danish Cancer Registry requires histologi-
cal verification of all reported cancers and has complete
and accurate data in general.’

We chose ARBs as active comparator as this drug
class to some extent have the same indications as ACEls.
In Denmark, the first ACE inhibitor, captopril, was intro-
duced in 1982 and the first ARB, losartan, was intro-
duced in 1995. The uptake of ARBs happened gradually
and was initially recommended only for patients with
side effects to other antihypertensives or treatment
resistant hypertension.?> ARBs were increasingly rec-
ommended as first-line agents along with ACEIls from
2004 and onward.? Prices of ARBs in Denmark dropped
significantly in 2008 where generic competition was
introduced. Thus, there may be unmeasured factors,
especially early in the study period, which channeled
patients toward either ACEls or ARBs. We adjusted for

Analysis
Primary analysis
Varying lag periods
No lag period
2 year lag period
3 year lag period -
4 year lag period —
Other supplementary analyses
Ever use of ARB as reference
Switching between ACEI and ARB allowed
Thiazides as active comparator =

IR

0.5 1.0 15 20

Odds ratio (95% CI)
1.33(1.08-1.62)

1.19 (1.00-1.42)
137 (1.07-1.74)
1.27 (0.95-1.70)
1.23 (0.86-1.75)

Figure 4. Association between use of high
cumulative doses of ACE (angiotensin-con-
verting enzyme) inhibitors (ACEIs) and risk
of lung cancer in supplementary analyses.
1.17 (1.05-1.30) ARB indicates angiotensin receptor blocker.
1.24 (1.06-1.45)
1.34 (0.96-1.88)
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Figure 5. Joint values of the minimum
strength of association between smoking
and ACE (angiotensin-converting enzyme)
inhibitors (ACEls) and smoking and lung
cancer to fully explain away the observed
point estimate of 1.33.

The dashed vertical line indicates the expected
imbalance between smokers and nonsmok-
ers for ACEI users compared with angiotensin
receptor blocker (ARB) users.
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the highest achieved education as a proxy for socioeco-
nomic status and during the entire study period, both
ACEls and ARBs were eligible for reimbursement with
a maximal self-payment of medicine costs of x600 USD
each year. Further, the fact that we observed similar
point estimates using thiazides as active comparator
speaks against these potential confounding factors as
having influenced the results. Thiazides are low-priced,
were available in Denmark before ACEIs, and are also
first-line agents for treatment of hypertension.

A potential issue with ARBs as an active comparator
is that their association with lung cancer is unclear. Two
meta-analyses of RCTs reported an =25% increased risk
of lung cancer in patients assigned to ARBs compared
with placebo or other antihypertensives.?#3* However,
another meta-analysis of 15 RCTs did not report an
increased risk of lung cancer with ARBs reporting a risk
ratio of 1.01 (0.90-1.14).3° In July 2018, it was reported
that some valsartan products were contaminated with
the carcinogenic substance N-nitrosodimethylamine
from 2012 and onward. This is unlikely to have influ-
enced on our findings, as valsartan has a small market
share compared with other ARBs in Denmark,* and
since no associations with lung cancer was found in a
Danish cohort study comparing users of contaminated
valsartan to uncontaminated valsartan.?

In conclusion, this study adds to the evidence of an
association between use of high cumulative doses of
ACEls and modestly increased risk of lung cancer. Given
the small effect sizes, bias from confounding is difficult to

Circ Cardiovasc Qual Outcomes. 2021;14:e006687. DOI: 10.1161/CIRCOUTCOMES.120.006687

rule out with certainty. Thus, these findings need further
replication and a meta-analysis of RCTs to evaluate risk of
lung cancer with long-term ACEI use would be important.
Further, the long-established benefits of ACEI therapy
should be considered when interpreting these findings.
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