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Abstract

Objective: This study was undertaken to determine whether use of the renin—angiotensin system (RAS) inhibitors
would increase colorectal cancer morbidity and mortality.

Methods: Databases were electronically searched to collect data of RAS use and colorectal cancer morbidity and
mortality from inception to October 2018. Stata 12.0 software was used to perform a meta-analysis.

Results: A total of 16 publications involving 2,847,597 participants were included. RAS inhibitor use was related to
colorectal cancer risk (relative risk (RR): 0.86; 95% confidence interval (Cl): 0.78-0.93) and mortality (RR: 0.80; 95% ClI:
0.66—0.98) decrement. Subgroup analysis showed angiotensin-converting enzyme inhibitor (ACEIl)/angiotensin Il receptor
blocker (ARB) (RR: 0.82; 95% Cl: 0.69-0.96) or ARB (RR: 0.86; 95% Cl: 0.73-0.98) or ACEI (RR: 0.81; 95% CI: 0.70-0.92)
were related to colorectal cancer risk decrement. Furthermore, RAS inhibitor use was related to colorectal cancer risk
decrement in Caucasians (RR: 0.88; 95% Cl: 0.80-0.96) and Asians (RR: 0.72; 95% CI: 0.61-0.85). Additionally, dose—
response showed that per one year duration of RAS inhibitor use incremental increase was related to 6% colorectal
cancer risk decrement (RR: 0.94; 95% CI: 0.90-0.97).

Conclusion: According to the evidence, RAS inhibitor use was associated with colorectal cancer risk and mortality
decrement.
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Introduction challenges in treatment, and there is no satisfactory univer-
sal treatment for all.

Colorectal cancer is the third most common cancer world- Numerous renin-angiotensin system (RAS) agents

wide, and fourth in cancer-related deaths.! At present, the have been shown to prevent risk of cancer. Angiotensin-
effective treatment methods of colorectal cancer include converting enzyme inhibitors (ACEIs)/angiotensin 11

surgery, radiotherapy, chemotherapy and targeted therapy. receptor blockers (ARBs) act as RAS inhibitors and play
Comprehensive treatment based on surgery is the only
method that can treat colorectal liver metastases (CRLMs).
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a fundamental role in the treatment of hypertension.*
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However, with the further exploration of RAS inhibitors,
more and more studies have found that RAS inhibitors
play a role not only in the treatment of hypertension, but
also in colorectal cancer.>7

Considering controversial evidence on the relation
between RAS inhibitor use and colorectal cancer risk and
mortality, we performed a meta-analysis to summarize the
relative risk of RAS inhibitor use and colorectal cancer
risk and mortality, in order to provide guidance for the
clinic.

Methods

Search strategy

Medline, Embase, Web of Science and Cochrane Database
were electronically searched to collect RAS use and colo-
rectal cancer morbidity and mortality data from inception to
October 2018, with keywords including ‘Angiotensin-
converting enzyme inhibitor’ OR ‘Angiotensin I-converting
enzyme inhibitor’ OR ‘ACE inhibitor> OR ‘ACEI’ OR
‘Angiotensin receptor blockade’ OR ‘Angiotensin II recep-
tor blocker’ OR ‘Angiotensin II antagonist’ OR ‘AT recep-
tor antagonist’” OR ‘ARB’ OR ‘Renin—angiotensin system
inhibitor” OR ‘Renin—angiotensin—aldosterone system
inhibitor’ OR ‘RAS inhibitor’ AND ‘Colorectal neoplasms’
OR ‘Colorectal tumors’ OR ‘Colorectal cancer’ OR ‘CRC’.

Inclusion

Then, the study was screened for retrieval based on the
following criteria: (a) the study design of the selected lit-
erature must be an observational study; (b) the content of
selected articles must be related to the effect of RAS use
on the risk or mortality of colorectal cancer; (c) the relative
risks with 95% confidence intervals. The selection of arti-
cles was carried out by two authors strictly according to
the above inclusion criteria, and the discordant articles
were discussed before deciding whether to include them.

Exclusion criteria

We excluded duplicate published studies, literature that
was not available on outcomes or outcomes and non-Eng-
lish literature.

Data extraction and methodological quality
evaluation

Two researchers independently screened the literature,
extracted the data and cross-checked. If there was any dis-
agreement, a third party was consulted to assist in the judg-
ment. When reading the literature, the questions and
abstracts were read first. After excluding the clearly unre-
lated documents, the full text was read to determine

whether the item was appropriate for final inclusion. The
data extraction content included: (a) basic information for
inclusion in the study, including first author, publication
time; (b) the basic characteristics of the subjects, including
the number of samples in each group, the average age of
the patient, and the disease; (c) key elements of bias risk
assessment; (d) outcome indicators and outcome measure-
ment data of interest. There was a lack of information to
enable contacting the author for supplementary informa-
tion. Quality assessment was performed according to the
Newcastle-Ottawa Scale.?

Statistical analysis

The count data uses the relative risk (RR) and the interval
estimate uses 95% confidence interval (Cl) as the effect
size indicator with p<<0.05 as a statistically significant
standard. The heterogeneity between the included studies
was analyzed by y2 test (test level is 0=0.10), and the size
of heterogeneity was quantified by combining 2. If the
heterogeneity was small, the meta analysis was carried out
directly; if the heterogeneity was large, the source of het-
erogeneity was analyzed first, the obvious clinical hetero-
geneity excluded, and then the meta analysis carried out.
When heterogeneity could not be explained, only descrip-
tive analysis was carried out.

Results

Literature search results

A total of 931 related articles were obtained in the initial
inspection, which were screened by layer and 16 were
finally included, comprising 16 randomized controlled
trials involving 2,847,597 participants.®2* The flow chart
of the literature search is presented in Figure 1. The char-
acteristics of the included studies are shown in Tables 1
and 2.

RAS inhibitors and colorectal cancer risk

Figure 2 displays the results of RAS inhibitors and colo-
rectal cancer risk. Thirteen studies (six cohort studies and
seven case—control) were included in the meta-analysis to
evaluate the association between RAS inhibitors and colo-
rectal cancer risk. RAS inhibitors use was related to colo-
rectal cancer risk decrement (relative risk (RR): 0.86; 95%
confidence interval (CI): 0.78-0.93). Subgroup analysis
showed ACEI/ARB (RR: 0.82; 95% CI: 0.69-0.96) or
ARB (RR: 0.86; 95% CI: 0.73-0.98) or ACEI (RR: 0.81;
95% CI: 0.70-0.92) were related to colorectal cancer risk
decrement. Furthermore, RAS inhibitor use was related to
colorectal cancer risk decrement in Caucasians (RR: 0.88;
95% CI: 0.80—0.96) and Asians (RR: 0.72; 95% CI: 0.61-
0.85; Table 3).
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Figure 1. Flow diagram of the study selection process.

RAS inhibitors and colorectal cancer mortality

Figure 3 displays the results of RAS inhibitors and colo-
rectal cancer mortality. Three cohort studies were included
in the meta-analysis to evaluate the association between
RAS inhibitors and colorectal cancer mortality. RAS
inhibitor use was related to colorectal cancer mortality
decrement (RR: 0.80; 95% CI: 0.66—0.98).

Dose—response meta-analyses between RAS
inhibitors and colorectal cancer risk

Six studies were included in the dose-response meta-anal-
yses to evaluate the association between RAS inhibitors
and colorectal cancer risk. A dose-response analysis
showed that per one year duration of RAS inhibitor use the
incremental increase was related to 6% colorectal cancer
risk decrement (RR: 0.94; 95% CI: 0.90-0.97; Figure 4).

Publication bias

The distribution of the included study is roughly sym-
metrical on both sides of the funnel diagram, and it can be
considered that there is little possibility of publication
bias (Figure 5). Meta-regression analysis found that the
type of study (0.994), the year of publication (p=0.972)

and different drugs (p=0.980) had no effect on heteroge-
neity. On the contrary, the number of participants
(»=0.002) had a greater impact on heterogeneity. The size
is the source of heterogeneity (Figure 6).

Discussion

There is already solid evidence that some drugs that act on
the cardiovascular system (such as statins, aspirin) can
reduce the risk of cancer.2526 As an inhibitor of RAS,
ACEI/ARB plays an important role not only in the treat-
ment of cardiovascular diseases, but also in cancer.?’ In
recent years, a number of in vitro simulation experiments
have suggested that RAS inhibitors can inhibit angiogen-
esis, cancer proliferation and metastasis.?$ 3% In contrast,
some animal experiments have shown that RAS inhibitors
increase the expression of vascular endothelial growth fac-
tor (VEGF) and decrease the level of platelet reactive pro-
tein 1 in tissues, thereby promoting tumor growth.31-33
What really caught the attention of the medical com-
munity regarding the safety of these drugs was a meta-
analysis by Sipahi et al. in 2010. The results show that the
use of ARB can increase the risk of cancer. Sipahi et al.
included five randomized controlled trials with a follow-
up period of at least one year and showed that the inci-
dence of cancer in the experimental group (ARB use
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Table I. Characteristics of participants in included studies.

First author (year) Study design  Country Age at baseline, No. of Endpoints (cases) Type of Quality
years participants drugs score
Assimes et al. (2008) Case—control Canada 71.8x10.6 9370 CRCrrisk (907)  ACEIs/ARBs 7
Azoulay et al. (2012) Case—control UK 63.4+14.6 1,165,781  CRC risk (7884) ARBs, ACEls 6
Boudreau et al. (2008) Case—control USA 69.9+12.3 1330 CRCrrisk (665)  ACEls 6
Makar et al. (2014) Case—control UK 69.8:9.1 31,086 CRCrisk (2847) ACEIs/ARBs 7
Dierssen-Sotos et al. (2017) Case—control Spanish 67.0£10.8 6077 CRCrisk (2165) ARBs, ACEls 7
Hallas et al. (2012) Case—control Danish =18.0 747,085 CRCrisk (17,322) ARBs 6
Chang et al. (2011) Case—control China 66.2+10.9 6385 CRCrrisk (1281) ARBs, ACEls 7
Bhaskaran et al. (2012) Cohort UK =18.0 377,649 CRCrisk (1516) ARBs 8
Friis et al. (2001) Cohort Denmark  =18.0 909 CRCrrisk (153)  ACEls 7
Kedika et al. (2011) Cohort USA 63.5+£88 4660 CRCrisk (1760) ACEls 7
Mansouri et al. (2013) Cohort UK =18.0 395,096 CRCrrisk (1312) ACEls 7
Van der Knaap et al. (2008) Cohort Netherlands 70.4+9.7 7983  CRC risk (88) ACEIs/ARBs 7
Wang et al. (2013) Cohort China 62.0+13.0 85,842 CRCrrisk (187)  ARBs 7
Cardwell et al. (2014) Cohort UK =18.0 4762  CRC mortality ACElIs 7
(I1511)
Engineer et al. (2013) Cohort USA 65.6*1.62 425 CRC mortality ACEIs/ARBs 7
(256)
Holmes et al. (2013) Cohort Canada 70.0*+13.0 3967 CRC mortality ACEIs/ARBs 7
(1187)

CRC: colorectal cancer; ARB: angiotensin receptor blocker; ACEI: angiotensin-converting enzyme inhibitor.

Table 2. Outcomes and covariates of included studies.

First author Endpoints Category and relative risk (95% ClI) Covariates in fully adjusted model

(year)

Boudreau CRC risk Duration use, years Adjust for age, BMI, diabetes, smoking,

et al. (2008) (665) 0, 1.0 (reference); <2, 1.04 (0.63,1.71); >2,0.96 hormone therapy among women, use of
(0.61,1.53) aspirin or other NSAIDs

Makar et al. CRC risk Duration use, years Adjusted for average number of doctor

(2014) (2847) 0, 1.0 (reference); <3, 0.89 (0.80, 0.98); 3-5, 0.96 (0.80, visits during follow-up, age, sex and
1.16); >5,0.87 (0.67, 1.13) duration of follow-up

Azoulay CRC risk Duration use, years Adjusted for excessive alcohol use, BMI,

etal. (2012) (7884) 0, 1.0 (reference); 0—1.53, 0.96 (0.80, 1.16); 1.54-3.48, smoking, diabetes, previous cancer, and
0.96 (0.80, 1.16); >3.48, 0.87 (0.67, 1.13) ever use of aspirin, statins and NSAIDs

Van der CRC risk Duration use, years Adjusted for main risk factors: age, sex,

Knaap et al. (88) 0, 1.0 (reference); 0-2, 1.16 (0.72, 1.86); >2,0.71 (0.39, BMI, total pack-years, physical activity,

(2008) 1.28) diabetes mellitus, NSAIDs, hypertension

and myocardial infarction

Hallas et al. CRC risk Duration use, years Adjusted for age, sex, BMI, excessive

(2012) (17,322) 0, 1.0 (reference); 0—1, 1.09 (1.04, 1.15); 1-2, 1.08 (1.01, alcohol use, body mass index, smoking,
1.15); 2-3, 1.08 (1.00, 1.17); 3—4, 1.09 (0.99, 1.20); >4, previous cancer and ever use of aspirin,
1.13 (1.06, 1.21) statins and NSAIDs

Chang et al. CRC risk Duration use, years Adjusted for fast-acting human insulins,

(2011) (1281) ACEls chronic liver disease, biguanides,

0, 1.0 (reference); 0—I, 0.94 (0.82, 1.09); 1-2, 1.09 (0.83,
1.43); 2-3, 1.28 (0.87, 1.89); >3, 1.29 (0.87, 1.91)

ARBs

0, 1.0 (reference); 0-1, 1.02 (0.85, 1.22); 1-2, 0.81 (0.59,
1.13); 2-3, 0.70 (0.43, 1.16); >3, 1.00 (0.64, 1.58)

nephropathy, glinides, retinopathy,
cardiovascular disease, statins and
socioeconomic status

Cl: confidence interval; CRC: colorectal cancer; NSAID: non-steroidal anti-inflammatory drug; BMI: body mass index; ARB: angiotensin receptor
blocker; ACEI: angiotensin-converting enzyme inhibitor.
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; T
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Figure 2. Forest plot showing the pooled effects of renin—angiotensin system use on the risk of colorectal cancer.

Solid diamonds and horizontal lines represent RRs (95% Cls) for the outcome of interest. Solid circles and horizontal lines represent RRs (95% Cls);
the gray boxes reflect the statistical weight of the study. The dotted vertical line denotes the point estimate for the pooled RRs and the solid vertical
line indicates the line of no effect. The open diamond represents the pooled RR with its 95% CI.

RR: relative risk; Cl: confidence interval; ACEIl: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il receptor blocker.

Study

Cardwell et al (2014) (ACEls)

Engineer et al (2013) (AC )

Holmes et al (2013) (ACEIS/ARBs)

Overall (I-squared = 67.2%, p = 0.047)
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0.92(0.83, 1.08) 4527
0.80 (0.66, 0.98) 100.00
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Figure 3. Forest plot showing the pooled effects of renin—angiotensin system use on colorectal cancer mortality.

Solid diamonds and horizontal lines represent RRs (95% Cls) for the outcome of interest. Solid circles and horizontal lines represent RRs (95% Cls);
the gray boxes reflect the statistical weight of the study. The dotted vertical line denotes the point estimate for the pooled RRs and the solid vertical
line indicates the line of no effect. The open diamond represents the pooled RR with its 95% CI.

RR: relative risk; Cl: confidence interval; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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Figure 4. Dose-response analysis between renin—angiotensin
system use and colorectal cancer risk.

The solid line represents point estimates of the association of
antidepressant use and colorectal cancer risk with the use of a
restricted cubic splines model, and the dashed lines indicate 95%
confidence intervals; Ibwithref: predicted lowest rr values; ubwithref:
predicted highest rr values; rrwithref: predicted rr values; rr_lin: best
fitting values of rr.
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Figure 5. A funnel plot for the meta-analysis between
renin—angiotensin system use and colorectal cancer risk.
SE: standard error; a: log(rr).

group) was 7.2% and the cancer risk in the control group
was 6.0% (RR: 1.08; 95% CI: 1.01-1.15; p= 0.016).3!
However, the latest meta-analysis, in 2015, showed differ-
ent conclusions. Yang et al. included 10 observational
studies and showed that the use of ARB was not associated
with cancer risk.>* To further clarify the relationship
between ACEI/ARB and colorectal cancer risk and mortal-
ity, we included 16 studies in this meta-analysis. The
results showed that RAS inhibitor use was associated with
colorectal cancer risk and mortality decrement. Subgroup
analysis showed ACEIs/ARBs or ARBs or ACEIs were
associated with colorectal cancer risk decrement.

VEGEF is a heparin binding growth factor specific to
vascular endothelial cells and has a strong role in inducing
new angiogenesis in the human body. The expression of
VEGF and its receptor has been proved to be involved in
the growth and metastasis of many kinds of malignant

tumors, and it is the main target of anti-angiogenesis of
ACEL? In many animal experiments, ACEI blocks angio-
tensin-converting enzyme (ACE) and the formation of
angiotensin II is reduced.’¢37 Since the angiotensin II can
stimulate the expression of VEGF, the expression of VEGF
is reduced correspondingly, so that the growth and inva-
sion of the tumor are limited, and the purpose of anti-tumor
is achieved.?® In addition, ACEI can inhibit the formation
of new blood vessels by stimulating the production of
angiostatin (the hydrolysate of plasminogen) and syner-
gism with other drugs (such as statins, vitamin K, inter-
feron).?* Shorning et al. used microarray analysis to detect
the angiotensin converting enzyme gene. They found that
the ACE gene was overexpressed during the formation of
colorectal cancer. However, ACEI inhibits the activity of
ACE, so ACEI has a certain preventive effect on upper
colorectal cancer.0

The expression of angiotensin receptor I was up-regu-
lated in pancreatic carcinoma, bladder cancer and cell
renal cell carcinoma.*!-# It was also found that the expres-
sion intensity of angiotensin receptor I could be used to
evaluate the stage and prognosis of some malignant
tumors.* Through selective blocking of angiotensin recep-
tor I, ARB’s possible anticancer mechanism is as follows:
(a) it has been suggested that epidermal growth factor
expression may be associated with the proliferation and
invasion of some malignant tumors such as skin cancer,
gastric cancer and so on. Angiotensin receptor I activates
some enzyme pathways, such as epidermal growth factor
receptors. The selective blocking of angiotensin receptor |
by inducing epidermal growth factor aggregation in tissue
may lead to tumorigenesis. ARB may have an inhibitory
effect on epidermal growth factor.*> (b) Angiogenesis of
malignant tumor tissue is a necessary condition for tumor
growth and invasion.*® Ino et al. point out that angiotensin
receptor [ can up-regulate the expression of vascular
endothelial growth factor and its receptors, thus promoting
angiogenesis.*’ Imai et al. found that angiotensin receptor
I can be continuously synthesized in local tissues of tumor,
which upregulated the expression of VEGF and promoted
tumor invasion.*® This shows that ARB may exert its anti-
cancer effect by inhibiting the production and expression
of vascular endothelial growth factor.

Meta-analysis is a descriptive quadratic analysis, which
has some defects. First of all, different treatment courses
and doses of each study may have greater clinical heteroge-
neity. Second, although systematic literature retrieval has
been carried out, only 16 studies have been included in the
meta analysis, so the size of the sample may have an impact.
Third, there are differences in the inclusion conditions of
each study, resulting in incomplete or inaccurate collection
of some data, and it is not possible to clearly explain when
RAS should be used, and the relationship between the dos-
age and the incidence of colorectal cancer. Moreover, the
language of the retrieval was limited to articles published in
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Figure 6. The association between renin—angiotensin system inhibitor use and colorectal cancer risk based on the type of study

(a), the year of publication (b), different drugs (c) and the number of participants (d), using meta regression.

SMD: standardized mean difference.

Table 3. Main results of eligible studies evaluating angiotensin system inhibitor use and risk of colorectal cancer.

No. of Odds ratio p for Heterogeneity Model
studies (95% Cl) test
p value 2

Type of drugs
ACEIs/ARBs 3 0.82 (0.69-0.96) 0.019 0.302 16.6% Fixed-effects model
ARBs 6 0.86 (0.73-0.98) 0.034 0.001 76.1% Random-effects model
ACEls 7 0.81 (0.70-0.92) 0.001 0.002 71.1% Random-effects model
Study location
Caucasia 13 0.88 (0.80-0.96) 0.005 0.000 74.0% Random-effects model
Asia 3 0.72 (0.61-0.85) <0.001 0.512 0.0% Fixed-effects model
Study design
Case—control 10 0.90 (0.86—0.94) <0.001 0.088 40.4% Fixed-effects model
Cohort 6 0.760.61-0.95) 0.014 0.000 84.4% Random-effects model
Study quality
Score =7 12 0.81 (0.72-0.92) 0.001 0.000 71.2% Random-effects model
Score <7 4 0.92 (0.86—-0.98) 0.026 0.015 71.5% Random-effects model
No. of participants
=10,000 7 0.84 (0.72-0.98) 0.026 0.007 62.0% Random-effects model
<10,000 9 0.87 (0.79-0.97) 0.013 0.000 79.4% Random-effects model
No. of cases
=000 I 0.85 (0.76-0.94) 0.002 0.000 74.7% Random-effects model
<1000 5 0.88 (0.79-0.99) 0.039 0.013 68.7% Random-effects model

Cl: confidence interval; ACEI

: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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English, which may ignore unpublished articles and cause
the deviation of the language.

In summary, based on this study, the results of meta-
analysis showed that RAS inhibitor use was associated
with colorectal cancer risk and mortality decrement. ACEI/
ARB or ARB or ACEI use was related to colorectal cancer
risk decrement. But a large sample of high-quality rand-
omized controlled studies is still needed in order to provide
further confirmation.
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