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ABSTRACT

Whether angiotensin converting enzyme inhibitors and angiotensin receptor blockers
modify colorectal cancer risk remains controversial. We aimed to determine
association between their use and colorectal cancer risk after a negative baseline
colonoscopy. This is a territory-wide retrospective cohort study recruiting patients
aged >40 who had undergone colonoscopy between 2005 and 2013. Exclusion criteria
included colorectal cancer detected <6 months of index colonoscopy, prior colorectal
cancer, inflammatory bowel disease and prior colectomy. The primary outcome was
colorectal cancer diagnosed between 6—36 months after index colonoscopy. Sites of
colorectal cancer were categorized as proximal (proximal to splenic flexure) and
distal cancer. The adjusted hazards ratio of colorectal cancer with angiotensin
converting enzyme inhibitor/angiotensin receptor blocker use (>180-day use within 5
years before index colonoscopy) was derived by propensity score regression
adjustment of 23 covariates (including patient’s factors, concurrent medication use
and endoscopy center’s performance). Of 187,897 eligible patients, 30,856 (16.4%)
were angiotensin converting enzyme inhibitors/angiotensin receptor blocker users.
854 (0.45%) developed colorectal cancer between 6 and 36 months after index
colonoscopy (proximal cancer:147[17.2%]). These drugs were associated with lower
risk of colorectal cancer that developed <3 years after index colonoscopy (adjusted
hazard ratio:0.78;95% CI:0.64—0.96), but not colorectal cancer that developed
>3years (adjusted hazard ratio:1.18;95% CI 0.88—1.57); every single year increase in
the drug use was associated with 5% reduction in adjusted hazard ratio risk.
Angiotensin converting enzyme inhibitors/angiotensin receptor blocker were

associated with a lower colorectal cancer risk in a duration-response manner.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer and second leading cause
of cancer death worldwide.! Even though its incidence and mortality can be reduced
by screening colonoscopy,>® a proportion of patients could develop CRC after an
initial colonoscopy negative for cancer. The World Endoscopy Organization (WEO)
consensus has recently proposed the term “post-colonoscopy CRC (PCCCR)” to
describe CRC that develops after diagnostic colonoscopy.’ Population-based studies
estimated that up to 9% of all diagnosed CRCs are PCCRCs.%? Around 50% of
PCCRC:s are due to missed lesions or incomplete resection of polyps in prior
colonoscopy.® Another possible cause of PCCRC is alternative sessile serrated

pathway with rapid tumour development.!%-12

Angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs) are commonly prescribed for patients with hypertension, congestive heart
failure and proteinuira.'*> Angiotensin II receptors were showed to regulate
angiogenesis, cell proliferation, and tumour progression in experimental studies.'*
Concern over possible carcinogenic effects of ACEIs/ARBs was first reported in 2003
when a post-hoc analysis of CHARM trial revealed that more fatal cancers occurred
in candesartan users.!® Since then, debates over potential carcinogenic effects of
ARBs and even ACEIs on various solid organ cancer risks have been unsettled. A
large cohort study of 377,649 patients showed that there was no increased risk of
overall cancer.!® Subsequently, a meta-analysis of RCTs by Sipahi I et al'” showed
that ARBs were associated with a modestly increased overall cancer risk (relative
risk:1.08). A recent population-based cohort study also suggested a higher lung cancer

risk among ACETI users, presumably due to accumulation of bradykinin in the lung.!8



However, effect of ACEIs/ARBs on CRC remains controversial,!*?* which could be
accounted by the relatively small sample size or insufficient adjustment for both
positive (e.g. aspirin,? statins?® 2”) and negative confounding factors (e.g.
comorbidities) that could bias the drug-cancer association to either direction. In this
study, we aimed to determine whether baseline ACEIs/ARBs use was associated with

CRC development in patients with prior colonoscopy negative for CRC (i.e. PCCRC).



MATERIALS AND METHODS
The data that support the findings of this study are available from the corresponding

author upon reasonable request.

Study design and data source

We conducted a territory-wide retrospective cohort study by retrieving data from an
electronic healthcare database (Clinical Data Analysis and Reporting System
[CDARS]) of the Hong Kong Hospital Authority. The Hong Kong Hospital Authority
is publicly funded which serves a population of 7.3 million including 90% of all
primary, secondary and tertiary care services. The CDARS is a centralized electronic
healthcare system which contains detailed records of patients’ information including
demographics, diagnoses, hospitalization including intensive care, visits to outpatient
clinics and accident and emergency department, laboratory and other investigation
results, endoscopic and surgical procedures, as well as drug prescription and
dispensing history. The International Classification of Diseases, Ninth Revision (ICD-
9) coding was used for diagnosis coding and have been shown to have a high degree

of coding accuracy (> 90%) in previous territory-wide studies.?*-3

Study subject selection

Figure 1 illustrates patient disposition process. We identified all patients (aged >40
years) who had undergone colonoscopy between 2005 and 2013, and excluded those
with prior history of CRC, inflammatory bowel disease and colectomy. Detected
CRCs diagnosed within 6 months of index colonoscopy were also excluded based on
the assumption that any cancer suspected at index colonoscopy should be confirmed

within this time period.>?



Outcome definition

The primary outcome of interest was PCCRC at 3 years (PCCRC-3y), as
recommended by World Endoscopy Organization (WEO) consensus, by including
CRC:s diagnosed between 6 and 36 months after an index colonoscopy negative for
cancer.” The cut-off of 3 years was also commonly adopted by prior studies,?” 3337 as
this is the estimated mean sojourn time from preclinical to clinical detectable cancer.
Cancer site was categorized into proximal (from caecum to transverse colon [ICD-9
codes 153.4, 153.6, 153.0, 153.1]) and distal colon (from splenic flexure to rectum

[ICD-9 codes 153.2, 153.3, 153.7, 154.0, 154.1]). Patients were observed from index

colonoscopy and censored at PCCRC-3y diagnosis, death or after 3 years.

The secondary outcomes of interest were PCCRC-all (i.e. all PCCRC cases
developing >6 months after index colonoscopy), and PCCRC>3y (i.e. PCCRC cases
developing >36 months after index colonoscopy) (Figure S1). Patients were observed
from index colonoscopy and censored at CRC diagnosis, death or 31 December 2017

(i.e. study end date).

We also investigated effects of ACEIs/ARBs on other solid organ cancers which were
reported in previous literature (including lung, breast and prostate).!® !® Patients with

any of these cancers developing before index colonoscopy were excluded. They were
observed from index colonoscopy and censored at cancer diagnosis, death or 31

December 2017 (i.e. study end date).

Data validation



We retrieved data from our own center, the Queen Mary Hospital which is a large
regional hospital, for validation. Among 137 PCCRC-3y cases, ICD-9 coding for

CRC was 97.1%.

Study variables

The exposure of interest was baseline ACEI/ARB use prior to index colonoscopy.
covariates taken into consideration included patient’s factors and endoscopy centres’
performance (annual endoscopy volume and polypectomy rate) (Table 1).33: 3336, 38
Patient’s factors included age of index colonoscopy, sex, history of colonic polyps,
polypectomy at index colonoscopy, smoking status (by using ICD-9 code of V15.82
and chronic obstructive pulmonary disease [COPD] as a surrogate marker), heavy
alcohol consumption (by using alcohol-related diseases as surrogate markers),
comorbidities (cardiovascular, metabolic, neurological, renal and liver diseases) and
concurrent medication usage (NSAIDs including aspirin,? cyclooxygenase [COX]-2

inhibitors®® and statins?% 27). Table S1 shows the ICD-9 codes of these covariates.

Drug prescription and dispensing records were traced up to 5 years before index
colonoscopy. Medication use, including ACEIs/ARBs, was defined as exposure for at
least 180 days. Dispensing duration of individual prescription for a particular drug
was summed up to derive total treatment duration for individual patient. To study
dose-response relationship of ACEIs/ARBs on PCCRC-3y, duration of ACEI/ARB

use was categorized into three groups: (i) non-use, (i1) <2 years and (iii) >2 years.

We used calcium channel blockers (CCBs) (dihydropyridine and non-dihydropyridine)

and diuretics (loop diuretics, thiazide diuretics, aldosterone antagonists and



potassium-sparing diuretics) as negative control exposures, as these two classes of
anti-hypertensives were not reported to be associated with CRC development.*® The
relation of this exposure-outcome pair likely shared similar potential biases and
confounders (both measured and unmeasured) with ACEIs/ARBs. An observed

association may therefore suggest presence of residual/unmeasured confounding.

Statistical analyses

All statistical analyses were performed by the R version 3.2.5 (R Foundation for
Statistical Computing) statistical software. Continuous variables were expressed as
median and interquartile range (IQR). Mann-Whitney U-test was used to compare
continuous variables of two groups. We adopted propensity score (PS) regression
adjustment to investigate the effect of ACEIs/ARBs on PCCRC-3y risk.?”-*! PS
represented the probability of ACEIs/ARBs prescription predicted by the 23
covariates (Table 1) in a logistic regression model. We used Cox proportional hazards
model in combination with PS regression adjustment to derive the adjusted hazard
ratio (HR) of (1) primary outcome (PCCRC-3y) and (2) secondary outcomes

(PCCRC>3y and PCCRC-all) with ACEIs/ARBs use.

Stratified analysis was performed according to cancer location (proximal vs distal),
age, sex, history of diabetes mellitus (DM) and colonic polyps. Sensitivity analysis

42,43 ACEIs/ARBs users were matched to non-users in

was performed by PS matching.
a 1:1 ratio without replacement using a greedy distance-based matching algorithm
with the logit of the PS within 0.1 standard deviation. Absolute standardized

difference (ASD) allows an objective assessment of the matching result. It was

defined as absolute difference in means or proportions divided by pooled standard

10



deviation. Balance of covariates between two groups was achieved if an ASD was
less than 0.20.** A two-sided p-value of <0.05 was used to define statistical

significance.

Patient and public involvement
Our study retrieved data from electronic healthcare database and id not include
patients as study participants. We will disseminate the results via general media, but

not directly to patients.
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RESULTS

Patient Characteristics and PCCRC-3y Risk

A total of 187,897 eligible patients who had undergone colonoscopy between 2005
and 2013 were identified (Figure 1), with a total of 560,306 person-years follow-up.
The median age of undergoing index colonoscopy was 60.6 years (IQR:52.3-71.9),
with 48.9% men. Between 6 months and 3 years after index colonoscopy, 854
PCCRC-3y cases were diagnosed including 147 (17.2%) proximal and 707 (82.8%)
distal cancers, with an incidence rate of 15.2 per 10,000 person-years. The median age
of patients who developed PCCRC-3 was 75.9 years (IQR:65.5-83.8), with a median

time lapse of 1.2 years (IQR:0.8—1.9) from index colonoscopy.

Association between ACEIs/ARBs and PCCRC-3y

There were 30,856 ACEIs/ARBs users with median duration of 3.3 years use within
the 5 years before index colonoscopy. Among the ACEIs/ARBs users, there were 169
(0.55%) PCCRC-3y cases. On univariate analysis, the crude HR of PCCRC-3y with
ACEIs/ARBs use was 1.26 (95% CI:1.06-1.49;p=0.008). On PS regression
adjustment, the adjusted HR of PCCRC-3y became 0.78 (95% CI1:0.64—0.96) (Table
2). The PS adjusted absolute reduction in PCCRC-3y risk for ACEIs/ARBs users was
3.2 (95% CI:0.6-5.3) per 10,000 person-years as compared with non-users.
Stratification according to cancer subsite shows that adjusted HR of PCCRC-3y with
ACEI/ARB use was 0.77 (95% CI:0.61-0.97) for distal and 0.83 (95% CI:0.51-1.35)

for proximal cancers, respectively.

For the two negative control exposures, adjusted HRs of PCCRC-3y were 0.86 (95%

CI:0.72-1.03) for CCBs and 0.92 (95% CI:0.66—1.28) for diuretics (Table 2).

12



Duration-response between ACEIs/ARBs and PCCRC-3y

The adjusted HR of PCCRC-3y with every single year increase in ACEIs/ARBs use
was 0.95 (95% CI:0.91-0.99;p=0.040). When compared with non-ACEI/ARB use,
PCCRC-3y risk decreased with longer duration of ACEI/ARB use (=2 year use—
adjusted HR:0.77, 95% CI:0.60-0.97; vs <2 year use—adjusted HR:0.85, 95%

CI:0.63-1.14) (Table 3).

When ACEIs were considered alone, the PCCRC-3y risk also decreased with longer
duration of use (=2 year use—adjusted HR:0.75, 95% CI:0.59-0.95). On the other hand,
the reduction in PCCRC-3y risk was borderline for >2 years ARBs use (adjusted

HR:0.51, 95% CI:0.25-1.05;p=0.07).

Sensitivity analysis by PS matching

Before PS matching, some covariates were imbalanced (ASD>0.2) between
ACEIs/ARBs users and non-users including age, cardiovascular risk factors and
diseases, aspirin and statins. (Table S2). After PS matching (n=50,500 with 308
[0.6%] PCCRC-3y cases), all covariates were well balanced (ASD<0.2) between the
25,250 ACEIs/ARBs users and 25,250 non-users. The HR of PCCRC-3y risk with

ACEIs/ARBs use was 0.78 (95% CI:0.62-0.98;p=0.03).

Subgroup analysis
Table 4 shows that protective effect of ACEIs/ARBs was confined to older patients
(aged =55 years) (adjusted HR:0.79, 95% CI:0.65—-0.98) and patients with history of

colonic polyps (adjusted HR:0.71, 95% CI:0.52—0.97).
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Association between ACEIs/ARBs and secondary outcomes (PCCRC-all and
PCCRC>3y)

There were a total of 1,290 PCCRC-all cases diagnosed >6 months after index
colonoscopy, including 436 PCCRC>3y that developed at a median of 5.2 years
(IQR:3.7-7.2). The adjusted HR of PCCRC-all with ACEIs/ARBs use was 0.89 (95%

CI:0.75-1.06;p=0.19), and that for PCCRC>3y was 1.18 (95% CI:0.88—1.57;p=0.26).

Association between ACEIs/ARBs and other solid organ tumours

On univariate analysis, ACEIs/ARBs were associated with an increased risk of lung
and prostate cancer, but lower risk of breast cancer (Table S3). However, after PS
regression adjustment, there was no association between ACEIs/ARBs and these solid

organ cancers.
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DISCUSSION

To our knowledge, this is the first study that specifically characterized the effect of
ACEIs/ARBs in PCCRC developing within 3 years after a baseline colonoscopy
negative for cancer. ACEIs/ARBs were associated with a 22% lower PCCRC-3y risk

in a duration-response manner.

Our study was the largest reported study, including more than 180,000 subjects with
baseline colonoscopy negative for cancer, to show a significant chemoprotective
effect of ACEIs/ARBs. This is in keeping with the result of a nested case-control
study of 31,086 patients using the EPIC's General Practice Research Database, in

which ACEI/ARB use for >1 year was associated with 16% reduction of CRC risk.

The CRC risk was further reduced by 25% with ACEI/ARB use for >5 years.?’

Interestingly, our results showed that potential chemopreventive effect of
ACEIs/ARBs was only limited to PCCRC-3y, but not PCCRC-all or PCCRC>3y. As
none of prior studies stratified CRC into detected CRC and PCCRC, potential benefit
of ACEIs/ARBs on PCCRC could be masked. Since adenoma-carcinoma progression
could take up to decades, our results may imply that ACEIs/ARBs exert their effect
by inhibiting progression of missed adenomas or cancers that develop rapidly through

alternative pathway.

Angiotensin II stimulates neovascularization,* and hence cell proliferation, tumour
formation and growth.*%47 It also stimulates PKC-dependent ERK activation,*® which
transduces mitogenic signals leading to DNA synthesis and cell division in intestinal

epithelial cells. Hence, inhibition of angiotensin II is crucial for neovascularization®’

15



and activation of protein kinase C (PKC)-dependent extracellular signal-related kinase
(ERK).*® In-vitro studies have demonstrated an inhibitory effect of ACEIs/ARBs on
tumor vascularization, growth and metastasis.!* 4% 5% Apart from reducing CRC

19, 20

incidence, clinical studies have shown that ACEIs and ARBs can reduce

2351 and metastasis,>? improve tumor response

formation of advanced colonic polyps
to chemotherapy,>® prolong survival and decrease tumor progression of advanced

CRC.*

While previously reported negative studies on the association between ACEIs/ARBs
and CRC were of relatively small sample size and short follow-up,?!->* those reporting
a protective effect included >30,000 patients.!®-2° A large sample size also allowed for
the investigation of duration-response relationship to strengthen causality as in our
study. Another merit of our study was the territory-wide nature of electronic
healthcare database with documentation of all diagnoses and drug
prescription/dispensing details, hence avoiding some biases common to traditional
observational studies like selection and recall biases.? Failure to adjust for these
comorbidities, which have a negative confounding effect,’ may bias potential
beneficial effect of ACEIs/ARBs towards null or even harmful effect. This is
particularly relevant as ACEI/ARB users are older with more comorbidities (Table 1)
which were risk factors for CRC. This is well illustrated in our study with an
unadjusted HR of PCCRC-3y with ACEIs/ARBs being 1.26, which became 0.78 upon
PS regression adjustment for a comprehensive list of comorbidities. The importance
of negative confounding (which biases an observed association towards null or even
opposite direction) tends to be less emphasized as compared to positive confounding

(which spuriously augments a positive association) in pharmaco-epidemiological

16



studies. This is also supported by analysis of ACEI/ARB effect on other solid organ
tumours in this study, wherein an increased risk was only noted on univariate analysis

but not on PS regression adjustment.

The validity of the observed beneficial effect was also consolidated by taking into
consideration positive confounders especially aspirin®® and statins.?® 2’ Without
adjusting for these chemopreventive agents, one can argue that the apparent
chemopreventive effect of ACEs/ARBs could simply arise from their close
association with aspirin/statin usage linked by cardiovascular diseases. Moreover, use
of negative control exposure (CCBs and diuretics) also dismissed possibility of
significant biases/unmeasured confounding (e.g. indication bias, ascertainment bias)
leading to spurious causal inference.* The causal relationship was further
strengthened by demonstration of a duration-response relationship, with a 5%
reduction in risk for every one year increase in ACEI/ARB use. Immortal time bias
and reverse causality were circumvented by defining ACEIs/ARBs use based on
baseline exposure prior to index colonoscopy with outcome of PCCRC-3y developing

at a median of 1.2 years after index colonoscopy.

The controversy of ACEIs/ARBs on specific cancer risk is not limited to CRC, but
also other cancers like lung cancer.!®!® One origin of these controversies could stem
from the different predefined comparator groups in these studies (placebo/non-drug
use, ACEIs, ARBs or other anti-hypertensives). Comparing ACEIs with ARBs (and
vice versa) instead of non-drug use or other anti-hypertensives just adds further
uncertainty to this topic. Post-hoc analysis of RCTs suffers from the caveat of short

follow-up and underpower,!” which partially explain why a beneficial effect was only

17



observed in observational studies of longer follow-up which focused specifically on

CRC and used non-ACEI/ARB exposure as comparators.

In this study, beneficial effect of ACEIs/ARBs was confined to distal cancer. This
differential effect could be due to possible diverse carcinogenic mechanisms of
proximal and distal cancer as well as the different embryonic origin of proximal and
distal colon®®. Further subgroup analysis finds that beneficial effect was observed
among patients >55 years and those with a history of colonic polyps and/or
polypectomy. These two factors are risk factors for higher colonic polyp burden and
hence higher chance of missed polyps or incomplete resection of lesions.*¢
Nevertheless, possible underpower from subgroup analysis necessitates cautious

interpretation of results.

A few limitations should be acknowledged. First, data on some risk factors like family
history of CRC were unavailable in the electronic health database. True prevalence of
smoking and alcohol use was likely underestimated due to use of diagnostic coding
only. However, it is well recognized that family history unlikely influences drug
prescription in drug-cancer association research and therefore confers no confounding
effect.>” Similarly for smoking, alcohol use and obesity, balance was likely achieved
in view of the highly similar proportion of COPD, alcohol-related diseases and their
associated cardiovascular diseases in the matched cohort (Table S2). Second, drug
compliance could not be ascertained. However, a unique feature of our local public
health system is the simultaneous prescription and dispensing of drugs within the
hospital. Moreover, non-differential misclassification, if present, would only bias

drug-cancer association towards null. Third, data on some colonoscopy quality

18



metrics like individual endoscopist’s adenoma detection rate, quality of bowel
preparation, polyp characteristics (e.g. number, size, histology) were lacking. This
was partly compensated by using other surrogate markers like center’s colonoscopy
volume and polypectomy rate, and again these factors unlikely affect choice of

ACEIs/ARBs.

PERSPECTIVES

Apart from side effects and contraindications, compelling indication is another factor
to be considered in the choice of a particular anti-hypertensive medication. Our study
provided additional insights into the potential chemopreventive effects of
ACEIs/ARBs against CRC development, apart from their known cardiovascular and

renal benefits.

19



ACKNOWLEDGEMENTS

Acknowledgements: We would like to acknowledge the Hospital Authority for the
providing the CDARS for data analysis.

Sources of Funding: Health and Medical Research Fund, Food and Health Bureau,
The Government of the Hong Kong Special Administrative Region (Reference no:
16173001)

Disclosure: EWC has received funding support from Pfizer, BMS, Bayer, Takeda,
Janssen (a division of Johnson & Johnson); Research Grants Council of Hong Kong;
Narcotics Division, Security Bureau; and the National Natural Science Foundation of
China, all for work unrelated to the current study. WKL has received honorarium for

attending advisory board meetings of AbbVie, Takeda and Abbott Laboratories.

20



References

1.

Bray F, Ferlay ], Soerjomataram |, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer | Clin 2018;68:394-424.

Winawer SJ], Zauber AG, Ho MN, et al. Prevention of colorectal cancer by
colonoscopic polypectomy. The National Polyp Study Workgroup. N Engl ]
Med 1993;329:1977-81.

Brenner H, Chang-Claude ], Seiler CM, et al. Protection from colorectal
cancer after colonoscopy: a population-based, case-control study. Ann
Intern Med 2011;154:22-30.

Nishihara R, Wu K, Lochhead P, et al. Long-term colorectal-cancer
incidence and mortality after lower endoscopy. N Engl | Med
2013;369:1095-105.

Baxter NN, Goldwasser MA, Paszat LF, et al. Association of colonoscopy
and death from colorectal cancer. Ann Intern Med 2009;150:1-8.

Zauber AG, Winawer SJ, O'Brien M], et al. Colonoscopic polypectomy and
long-term prevention of colorectal-cancer deaths. N Engl ] Med
2012;366:687-96.

Rutter MD, Beintaris I, Valori R, et al. World Endoscopy Organization
Consensus Statements on Post-Colonoscopy and Post-Imaging Colorectal
Cancer. Gastroenterology 2018;155:909-925.e3.

Sanduleanu S, le Clercq CM, Dekker E, et al. Definition and taxonomy of
interval colorectal cancers: a proposal for standardising nomenclature.

Gut 2015;64:1257-67.

21



10.

11.

12.

13.

14.

15.

16.

17.

Cheung KS, Chen L, Seto WK, et al. Epidemiology, characteristics, and
survival of post-colonoscopy colorectal cancer in Asia: A population-
based study. ] Gastroenterol Hepatol 2019;34:1545-1553.

Burgess NG, Tutticci NJ, Pellise M, et al. Sessile serrated adenomas/polyps
with cytologic dysplasia: a triple threat for interval cancer. Gastrointest
Endosc 2014;80:307-10.

Arain MA, Sawhney M, Sheikh S, et al. CIMP status of interval colon
cancers: another piece to the puzzle. Am ] Gastroenterol 2010;105:1189-
95.

Goldstein NS, Bhanot P, Odish E, et al. Hyperplastic-like colon polyps that
preceded microsatellite-unstable adenocarcinomas. Am J Clin Pathol
2003;119:778-96.

DePalma SM, Himmelfarb CD, MacLaughlin EJ, et al. Hypertension
guideline update: A new guideline for a new era. Jaapa 2018;31:16-22.
Deshayes F, Nahmias C. Angiotensin receptors: a new role in cancer?
Trends Endocrinol Metab 2005;16:293-9.

Pfeffer MA, Swedberg K, Granger CB, et al. Effects of candesartan on
mortality and morbidity in patients with chronic heart failure: the
CHARM-Overall programme. Lancet 2003;362:759-66.

Bhaskaran K, Douglas I, Evans S, et al. Angiotensin receptor blockers and
risk of cancer: cohort study among people receiving antihypertensive
drugs in UK General Practice Research Database. Bmj 2012;344:e2697.
Sipahi I, Debanne SM, Rowland DY, et al. Angiotensin-receptor blockade
and risk of cancer: meta-analysis of randomised controlled trials. Lancet

Oncol 2010;11:627-36.

22



18.

19.

20.

21.

22.

23.

24,

25.

Hicks BM, Filion KB, Yin H, et al. Angiotensin converting enzyme
inhibitors and risk of lung cancer: population based cohort study. Bmj
2018;363:k4209.

Azoulay L, Assimes TL, Yin H, et al. Long-term use of angiotensin receptor
blockers and the risk of cancer. PLoS One 2012;7:e50893.

Makar GA, Holmes JH, Yang YX. Angiotensin-converting enzyme inhibitor
therapy and colorectal cancer risk. ] Natl Cancer Inst 2014;106:djt374.
Assimes TL, Elstein E, Langleben A, et al. Long-term use of
antihypertensive drugs and risk of cancer. Pharmacoepidemiol Drug Saf
2008;17:1039-49.

Boudreau DM, Koehler E, Rulyak SJ, et al. Cardiovascular medication use
and risk for colorectal cancer. Cancer Epidemiol Biomarkers Prev
2008;17:3076-80.

Mansouri D, McMillan DC, Roxburgh CS, et al. The impact of aspirin,
statins and ACE-inhibitors on the presentation of colorectal neoplasia in a
colorectal cancer screening programme. Br | Cancer 2013;109:249-56.
van der Knaap R, Siemes C, Coebergh JW, et al. Renin-angiotensin system
inhibitors, angiotensin I-converting enzyme gene insertion/deletion
polymorphism, and cancer: the Rotterdam Study. Cancer 2008;112:748-
57.

Algra AM, Rothwell PM. Effects of regular aspirin on long-term cancer
incidence and metastasis: a systematic comparison of evidence from
observational studies versus randomised trials. Lancet Oncol

2012;13:518-27.

23



26.

27.

28.

29.

30.

31.

32.

33.

Lytras T, Nikolopoulos G, Bonovas S. Statins and the risk of colorectal
cancer: an updated systematic review and meta-analysis of 40 studies.
World ] Gastroenterol 2014;20:1858-70.

Cheung KS, Chen L, Chan EW, et al. Statins reduce the progression of non-
advanced adenomas to colorectal cancer: a postcolonoscopy study in 187
897 patients. Gut 2019;68:1979-1985.

Cheung KS, Chan EW, Wong AYS, et al. Metformin Use and Gastric Cancer
Risk in Diabetic Patients After Helicobacter pylori Eradication. ] Natl
Cancer Inst 2019;111:484-489.

Cheung KS, Seto WK, Fung |, et al. Epidemiology and natural history of
Wilson's disease in the Chinese: A territory-based study in Hong Kong
between 2000 and 2016. World ] Gastroenterol 2017;23:7716-7726.
Seto WK, Lau EH, Wu |JT, et al. Effects of nucleoside analogue prescription
for hepatitis B on the incidence of liver cancer in Hong Kong: a territory-
wide ecological study. Aliment Pharmacol Ther 2017;45:501-509.
Cheung KS, Chan EW. Statins Were Associated with a Reduced Gastric
Cancer Risk in Patients with Eradicated Helicobacter Pylori Infection: A
Territory-Wide Propensity Score Matched Study. 2020;29:493-499.
Cheung KS, Chan EW, Chen L, et al. Diabetes Increases Risk of Gastric
Cancer After Helicobacter pylori Eradication: A Territory-Wide Study
With Propensity Score Analysis. 2019;42:1769-1775.

Samadder NJ, Curtin K, Tuohy TM, et al. Characteristics of missed or
interval colorectal cancer and patient survival: a population-based study.

Gastroenterology 2014;146:950-60.

24



34.

35.

36.

37.

38.

39.

40.

41.

Cooper GS, Xu F, Barnholtz Sloan JS, et al. Prevalence and predictors of
interval colorectal cancers in medicare beneficiaries. Cancer
2012;118:3044-52.

Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of administrative data
finds endoscopist quality measures associated with postcolonoscopy
colorectal cancer. Gastroenterology 2011;140:65-72.

Singh H, Nugent Z, Demers AA, et al. Rate and predictors of early/missed
colorectal cancers after colonoscopy in Manitoba: a population-based
study. Am ] Gastroenterol 2010;105:2588-96.

Bressler B, Paszat LF, Chen Z, et al. Rates of new or missed colorectal
cancers after colonoscopy and their risk factors: a population-based
analysis. Gastroenterology 2007;132:96-102.

Singh H, Nugent Z, Mahmud SM, et al. Predictors of colorectal cancer after
negative colonoscopy: a population-based study. Am ] Gastroenterol
2010;105:663-73; quiz 674.

Rostom A, Dube C, Lewin G, et al. Nonsteroidal anti-inflammatory drugs
and cyclooxygenase-2 inhibitors for primary prevention of colorectal
cancer: a systematic review prepared for the U.S. Preventive Services
Task Force. Ann Intern Med 2007;146:376-89.

Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for
detecting confounding and bias in observational studies. Epidemiology
2010;21:383-8.

Cheung KS, Leung WK, Seto WK. Application of Big Data analysis in

gastrointestinal research. World ] Gastroenterol 2019;25:2990-3008.

25



42,

43.

44,

45.

46.

47.

48.

49,

50.

Glynn R], Schneeweiss S, Sturmer T. Indications for propensity scores and
review of their use in pharmacoepidemiology. Basic Clin Pharmacol
Toxicol 2006;98:253-9.

Braitman LE, Rosenbaum PR. Rare outcomes, common treatments:
analytic strategies using propensity scores. Ann Intern Med
2002;137:693-5.

Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched
samples. Stat Med 2009;28:3083-107.

Fernandez LA, Twickler ], Mead A. Neovascularization produced by
angiotensin II. ] Lab Clin Med 1985;105:141-5.

Folkman ], Watson K, Ingber D, et al. Induction of angiogenesis during the
transition from hyperplasia to neoplasia. Nature 1989;339:58-61.
Daemen M], Lombardi DM, Bosman FT, et al. Angiotensin Il induces
smooth muscle cell proliferation in the normal and injured rat arterial
wall. Circ Res 1991;68:450-6.

Chiu T, Santiskulvong C, Rozengurt E. ANG II stimulates PKC-dependent
ERK activation, DNA synthesis, and cell division in intestinal epithelial
cells. Am | Physiol Gastrointest Liver Physiol 2003;285:G1-11.

Fujita M, Hayashi I, Yamashina S, et al. Blockade of angiotensin AT1a
receptor signaling reduces tumor growth, angiogenesis, and metastasis.
Biochem Biophys Res Commun 2002;294:441-7.

Yasumaru M, Tsuji S, Tsujii M, et al. Inhibition of angiotensin II activity
enhanced the antitumor effect of cyclooxygenase-2 inhibitors via insulin-

like growth factor [ receptor pathway. Cancer Res 2003;63:6726-34.

26



51.

52.

53.

54.

55.

56.

57.

Kedika R, Patel M, Pena Sahdala HN, et al. Long-term use of angiotensin
converting enzyme inhibitors is associated with decreased incidence of
advanced adenomatous colon polyps. ] Clin Gastroenterol 2011;45:e12-6.
Mc Menamin UC, Murray L], Cantwell MM, et al. Angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers in cancer
progression and survival: a systematic review. Cancer Causes Control
2012;23:221-30.

Morris ZS, Saha S, Magnuson W], et al. Increased tumor response to
neoadjuvant therapy among rectal cancer patients taking angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers. Cancer
2016;122:2487-95.

Engineer DR, Burney BO, Hayes TG, et al. Exposure to ACEI/ARB and beta-
Blockers Is Associated with Improved Survival and Decreased Tumor
Progression and Hospitalizations in Patients with Advanced Colon Cancer.
Transl Oncol 2013;6:539-45.

Mehio-Sibai A, Feinleib M, Sibai TA, et al. A positive or a negative
confounding variable? A simple teaching aid for clinicians and students.
Ann Epidemiol 2005;15:421-3.

Heitman S], Ronksley PE, Hilsden R], et al. Prevalence of adenomas and
colorectal cancer in average risk individuals: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2009;7:1272-8.

Pottegard A, Friis S, Sturmer T, et al. Considerations for
Pharmacoepidemiological Studies of Drug-Cancer Associations. Basic Clin

Pharmacol Toxicol 2018;122:451-459.

27



NOVELTY AND SIGNIFICANCE

What is new?

- ACEIs/ARBs were associated with a 22% lower risk of colorectal cancer (CRC), in
a duration-response manner.

- This beneficial effect was particularly prominent for distal CRC, and among older

patients (aged =55 years) and those with history of colonic polyps.

What is revelant?

- While choosing ACEIs/ARBs over other anti-hypertensives, physicians may
consider the chemopreventive effect of ACEIs/ARBs against CRC in addition to their
cardiovascular and renoprotective effects.

- Older subjects and those with history of colonic polyps, which are known risk

factors for CRC, may benefit more from the chemopreventive effect of ACEIs/ARBs

Summary
- ACEIs/ARBs were associated with a lower CRC risk in a duration-response manner,
in particular distal colon. The beneifical effect was most prominent among older

subjects and those with history of colonic polyps.
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FIGURE LEGEND

Figure 1: Patient selection flow diagram

CRC, colorectal cancer; CLN, colonoscopy
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Table 1. Characteristics of ACEIs/ARBs users and non-users

Variables All ACEIs/ARBs Non-users
(n=187,897) users (n=157,041)
(n=30,856)
Age at index 60.6 70.6 58.9
colonoscopy (52.3-171.9) (61.0-78.1) (51.3-69.6)
(years)*
Male sex (n, %) 91961 (48.9%) 16846 (54.6%) 75115 (47.8%)

History of colonic
polyps (n, %)
Polypectomy at
index colonoscopy
(n, %)

Smoking (n, %)
Alcohol (n, %)

DM (n, %)
Hypertension (n, %)
Dyslipidemia (n, %)
AF (n, %)

IHD (n, %)

CHF (n, %)

Stroke (n, %)

CRF (n, %)
Cirrhosis (n, %)
Dementia (n, %)
Parkinsonism (n, %)
Aspirin (n, %)
NSAIDs (n, %)
COX-2 inhibitors
(n,%)

Statins (n,%)
Center endoscopy

volume*

39066 (20.8%)

28724 (15.3%)

3874 (2.1%)
1065 (0.6%)
17935 (9.5%)

28982 (15.4%)
9557 (5.1%)
5673 (3.0%)
13266 (7.1%)
6302 (3.4%)
7638 (4.1%)
3924 (2.1%)
1250 (0.7%)
1258 (0.7%)
779 (0.4%)

26057 (13.9%)
14406 (7.7%)
209 (0.1%)

23125 (12.3%)
2892
(2045 — 3369)

8275 (26.8%)

4966 (16.1%)

1295 (4.2%)
194 (0.6%)
10571 (34.3%)
14271 (46.3%)
4562 (14.8%)
2956 (9.6%)
7475 (24.2%)
4455 (14.4%)
3549 (11.5%)
2366 (7.7%)
267 (0.9%)
511 (0.6%)
237 (0.8%)
13197 (42.8%)
2784 (9.0%)
35 (0.1%)

11847 (38.4%)
2926
(2054 — 3369)

30791 (19.6%)

23758(15.1%)

2579 (1.6%)
871 (0.6%)
7364 (4.7%)
14711 (9.4%)
4995 (3.2%)
2717 (1.7%)
5791 (3.7%)
1847 (1.2%)
4089 (2.6%)
1558 (1.0%)
983 (0.6%)
747 (0.7%)
542 (0.3%)
12860 (8.2%)
11622 (7.4%)
174 (0.1%)

11278 (7.2%)
2892
(2045 — 3369)
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Center polypectomy 24.7% 25.0% 24.7%
rate*® (21.7% - 28.4%) (22.2% - 28.6%) (21.7% - 28.4%)

* Age was expressed as median (years) with interquartile range

Categorical variables were expressed as number (%)

Drug use was defined as at least 180-day use

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; ARB,
angiotensin receptor blockers; DM, diabetes mellitus; AF, atrial fibrillation;
IHD, ischemic heart disease; CHF, congestive heart failure; CRF, chronic
renal failure; NSAIDs, non-steroidal anti-inflammatory drugs; COX-2,

cyclooxygenase-2
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Table 2. Association between ACEIs/ARBs use and risk of PCCRC-3y for the
whole cohort and according to cancer sites (proximal and distal cancer)

Drugs No. of No. of Person-  Adjusted 95% CI p-
patients PCCRC- years of HR* value
3y follow-up
ACEIs/ARBs
All PCCRC-3y (n=187.897, PCCRC-3y=854)
No 157,041 685 470,026 Ref - -
Yes 30,856 169 92,280 0.78 0.64-0.96 0.020
Proximal PCCRC-3y (n=187,190, PCCRC-3y=147)
No 156,470 114 469,229 Ref - -
Yes 30,720 33 92,105 0.83 0.51-135 0.456
Distal PCCRC-3y (n=187,750, PCCRC-3y=707)
No 156,927 571 469,865 Ref - -
Yes 30,823 136 92,236 0.77 0.61 -0.97 0.027

Calcium channel blocker (Negative control exposure)
All PCCRC-3y (n=187.897, PCCRC-3y=854)

No 148,387 610 444,190 Ref - -

Yes 39,510 244 118,116 0.86 0.72-1.03 0.100
Proximal PCCRC-3y (n=187.190, PCCRC-3y=147)

No 147,882 105 443,479 Ref - -

Yes 39,308 42 117,855 0.69 0.45-1.05 0.083
Distal PCCRC-3y (n=187,750, PCCRC-3y=707)

No 148,282 505 444,042 Ref - -

Yes 39,468 202 118,059 0.90 0.75-1.10 0.305

Diuretics (Negative control exposure)”
All PCCRC-3y (n=187.897, PCCRC-3vy=854)

No 180,496 813 540,177 Ref - -

Yes 7,401 41 22,129 0.92 0.66 -1.28 0.618
Proximal PCCRC-3y (n=187.190, PCCRC-3y=147)

No 179,824 141 539,244 Ref - -

Yes 7,366 6 22,090 0.67 0.29-1.58 0.363
Distal PCCRC-3y (n=187.,750, PCCRC-3y=707)

No 180,355 672 539,982 Ref - -

Yes 7,395 35 22,119 0.98 0.69-1.40 0.908

* Adjusted for age at which index colonoscopy was performed, sex, history of colonic
polyps, polypectomy at index colonoscopy, smoking status, alcohol consumption,
other comorbidities (diabetes mellitus, hypertension, dyslipidemia, atrial fibrillation,
ischemic heart disease, congestive heart failure, stroke, chronic renal failure, cirrhosis,
dementia, parkinsonism) and concurrent medications (aspirin, non-steroidal anti-
inflammatory drugs, cyclooxygenase-2 inhibitors, statins), annual center endoscopy
volume and center polypectomy rate

* Diuretics included loop diuretics, thiazide diuretics, aldosterone antagonists and
potassium-sparing diuretics

Abbreviations: PCCRC-3y, post-colonoscopy colorectal cancer at 3 years; HR, hazard
ratio; 95% CI, 95% confidence interval; ACEI, angiotensin converting enzyme
inhibitors; ARB, angiotensin receptor blockers
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Table 3. Duration-response between ACEIs/ARBs and PCCRC-3y risk

Drugs Adjusted HR* 95% CI1 p-value
ACEIs/ARBs

Non-use Ref - -

< 2 years of use 0.85 0.63-1.14 0.269
> 2 years of use 0.77 0.60 —0.97 0.027
ACEIs

Non-use Ref - -

< 2 years of use 0.83 0.60—-1.13 0.231
> 2 years of use 0.75 0.59-0.95 0.016
ARBs

Non-use Ref - -

< 2 years of use 0.99 0.53-1.87 0.974
> 2 years of use 0.51 0.25-1.05 0.066

* Adjusted for age at which index colonoscopy was performed, sex, history of colonic
polyps, polypectomy at index colonoscopy, smoking status, alcohol consumption, other
comorbidities (diabetes mellitus, hypertension, dyslipidemia, atrial fibrillation, ischemic
heart disease, congestive heart failure, stroke, chronic renal failure, cirrhosis, dementia,
parkinsonism) and concurrent medications (aspirin, non-steroidal anti-inflammatory drugs,
cyclooxygenase-2 inhibitors, statins), annual center endoscopy volume and center
polypectomy rate

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor
blockers; PCCRC-3y, post-colonoscopy colorectal cancer at 3 years; HR, hazard ratio; 95%
ClI, 95% confidence interval
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Table 4. Subgroup analysis of the association between ACEIs/ARBs and
PCCRC-3y risk

Adjusted 95% CI p-value p-
HR* interaction
Age
> 55 (n=125,466, PCCRC- 0.79 0.65-0.98 0.029 0.345
3y=761)
<55 (n=62,431, PCCRC- 0.86 0.26 —2.87 0.810
3y=93)
Sex
Male (n=91,961, PCCRC- 0.77 0.60—-1.01 0.055 0.460
3y=513)
Female (n=95,936, PCCRC- 0.79 0.56 -1.11 0.178
3y=341)
Diabetes mellitus
Yes (n=17,935, PCCRC- 0.73 0.46 - 1.15 0.170 0.753
3y=89)
No (n=169,962, PCCRC- 0.81 0.65—1.02 0.073
3y=765)
History of colonic polyps
and/or polypectomy
Yes (n=45,698, PCCRC- 0.71 0.52-0.97 0.031 0.490
3y=326)
No (n=142,199, PCCRC- 0.86 0.65-0.13 0.282
3y=528)

* Adjusted for age at which index colonoscopy was performed, sex, history of colonic
polyps, polypectomy at index colonoscopy, smoking status, alcohol consumption,
other comorbidities (diabetes mellitus, hypertension, dyslipidemia, atrial fibrillation,
ischemic heart disease, congestive heart failure, stroke, chronic renal failure, cirrhosis,
dementia, parkinsonism) and concurrent medications (aspirin, non-steroidal anti-
inflammatory drugs and cyclooxygenase-2 inhibitors, statins), annual center
endoscopy volume and center polypectomy rate

Abbreviations: NSAID, non-steroidal anti-inflammatory drug; PCCRC, post-

colonoscopy colorectal cancer; HR, hazard ratio; 95% CI, 95% confidence interval
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