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Abstract

Purpose We aim to investigate the association between

angiotensin-converting enzyme inhibitors (ACEIs)/an-

giotensin receptor blockers (ARBs) therapy and colorectal

cancer (CRC) by conducting a systematic review with

meta-analysis.

Methods Literature was searched on PubMed, Scopus,

and the Cochrane library to identify relevant studies eval-

uating ACEIs/ARBs therapy and risk of CRC incidence or

survival of CRC patients. Pooled risk ratio (RR) with 95 %

confidence intervals was calculated for the association

between ACEIs/ARBs and CRC risk and mortality.

Results Eleven observational studies were included in the

systematic review. A meta-analysis of six studies totaling

113,048 individuals indicated a 6 % decreased risk of CRC

in ACEIs/ARBs users compared to non-users (95 % CI

0.89–0.98). In the four case–control studies, individuals

using ACEIs/ARBs were associated with a 6 % decreased

risk of CRC (95 % CI 0.90–0.99). The meta-analysis of

three studies investigating the relationship between ACEIs/

ARBs and survival of CRC did not show a significantly

decreased mortality in ACEIs/ARBs users (RR 0.81, 95 %

CI 0.60–1.09). Seven studies evaluated the dose–response

relationship between ACEIs/ARBs therapy and CRC, and

two of them showed that the association was related to

longer duration and higher dose.

Conclusions CEIs/ARBs therapy might be associated

with a reduce risk of CRC development, but whether use of

these medications improves the outcomes of CRC remains

unknown. Large-scale and more robust studies are needed

to further explore this association.

Keywords Colorectal cancer � Risk � Angiotensin-
converting enzyme inhibitor � Angiotensin receptor

blocker � Systematic review � Meta-analysis

Introduction

As one of the most common types of carcinomas, col-

orectal cancer (CRC) is a leading cause of cancer-related

morbidity and mortality worldwide [1]. In western coun-

tries, the estimated cumulative lifetime risk of developing

CRC is approximately 5 % in the general population [2].

The progress of CRC screening technologies has increased

the diagnostic rate of early-stage CRC and colorectal

adenoma (CRA), a precursor lesion of CRC [3, 4].

Although screening might contribute to the prevention of

CRC and the reduction in cancer-specific mortality [5, 6], it

is still urgent to explore the field of chemoprevention and

adjuvant therapies against CRC.

There is some evidence that angiotensin-converting

enzyme inhibitor (ACEI) might reduce an individual’s risk

of cancer [7]. Angiotensin receptor blocker (ARB), another

class of renin-angiotensin system (RAS) inhibitors, has

also been suggested to be associated with a lower incidence

of cancer occurrence [8]. In addition, a systematic review

conducted in 2011 has indicated that ACEIs/ARBs use may

be related to improved outcomes in cancer patients [9].

Nevertheless, a few studies failed to find any association

between ACEIs/ARBs and cancer [10, 11].

In particular for CRC, previous studies have reported

inconsistent findings concerning the association of ACEIs/
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ARBs and risk of CRC or the prognosis of CRC patients

[12]. Therefore, we conducted a systematic review with

meta-analysis to investigate the association between

ACEIs/ARBs therapy and CRC, which still remains con-

troversial by now.

Methods

Literature search and search strategy

This study was carried out based on the guidelines of

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) statement [13]. The PubMed

database, Scopus, and the Cochrane library were system-

atically searched from inception to November 2014, with

the aim of finding original epidemiological and clinical

studies regarding to the association between use of ACEIs/

ARBs and CRC.

The search strategy adapted for PubMed was as follows:

((angiotensin-converting enzyme inhibitors[Mesh] OR

angiotensin-converting enzyme inhibitor* OR angiotensin-

converting enzyme inhibitor* OR ACE inhibitor* OR

ACEI* OR captopril OR ramipril OR cilazapril OR ena-

lapril OR fosinopril OR perindopril OR imidapril OR

lisinopril OR moexipril OR quinapril OR trandolapril) OR

(angiotensin receptor antagonists[Mesh] OR angiotensin

receptor blocker* OR angiotensin receptor antagonist* OR

angiotensin receptor blockade OR angiotensin-receptor

blocker* OR angiotensin-receptor antagonist* OR angio-

tensin-receptor blockade OR ARB OR ARBs OR irbesar-

tan OR eprosartan OR losartan OR telmisartan OR

valsartan OR olmesartan OR candesartan) OR (renin

angiotensin system inhibitor* OR renin-angiotensin system

inhibitor* OR RAS inhibitor*)) AND (Colorectal neo-

plasms[Mesh] OR ((colon OR rectum OR rectal OR col-

orectal OR colorectum OR bowel) AND (cancer OR

carcinoma OR adenoma OR tumor OR tumour OR neo-

plasm* OR malignan* OR polyp OR lesion))). No lan-

guage restriction was imposed.

Selection criteria and quality assessment

Studies were eligible for the systematic review if they met

the following criteria: (1) original observational studies,

including case–control studies, cohort studies, and cross-

sectional studies; (2) assessing the association between

exposure to ACEIs/ARBs and the incidence or prognosis of

CRC; (3) reporting outcomes of interest, i.e., odds ratio

(OR), relative risk (RR), hazard ratio (HR), or standardized

incidence ratio (SIR) (the ratio of the observed to the

expected number of cases) with 95 % confidence intervals

(CI). Study selection was processed by two authors

(Y. N. Dai and J. H. Wang) independently, and disagree-

ments were resolved by discussion.

The Newcastle–Ottawa scale (NOS) was used to assess

the quality of the included studies by two independent

authors [14]. Studies were considered as high quality if the

score was 7–9 points.

Data extraction

Data were extracted by two authors (Y. N. Dai and J.

Z. Zhu) working independently. Differences in data

extraction were discussed and resolved. The main outcome

measures were CRC risk, as well as survival and prognosis

of CRC. The risk of CRA incidence was also an outcome of

interest for a secondary analysis. The following informa-

tion of the included studies was abstracted: author, year of

publication, study location, study type, patient population,

number of subjects, detailed comparison, OR, RR, HR, or

SIR with 95 % CI, and variables adjusted in the analysis.

Moreover, the outcomes were abstracted additionally

according to cumulative duration of ACEIs/ARBs therapy

and dosage of the relevant drugs to investigate the dose–

response relationship.

Statistical analysis

A meta-analysis was conducted to investigate the associa-

tion between ACEIs/ARBs and risk of CRC incidence.

Adjusted RRs were combined to estimate the overall effect

if possible. If adjusted RRs were not available, the RR was

calculated from the raw data provided. In cases when

neither an adjusted RR nor raw data were available in the

individual study, we calculated crude RRs with 95 % CIs

by creating a 2 9 2 table of CRC cases and controls by

ACEIs/ARBs using status. OR and HR were considered to

be approximate to the RR because the cancer risk is small

in both groups. Data on SIRs were not pooled with RRs.

We used the inverse variance method with a fixed- or

random-effects model to calculate the summarized RR of

CRC risk with 95 % CI.

Statistical heterogeneity was evaluated by the Chi-

squared test, and the I-squared statistic. Heterogeneity was

considered significant by the Chi-squared test with

p\ 0.10 or by I-squared[50 % [15, 16]. Moreover, sen-

sitivity analysis was performed, where the outcome of CRC

risk was explored using a fixed-effects model, and the

meta-analysis was restricted to subgroups based on study

types, studies with adjustments of confounders, and studies

comparing ACEI users with non-users. Publication bias

was evaluated by Egger’s test [17, 18]. The meta-analysis

was conducted using Review Manager Software, version

5.2, and Egger’s test was carried out with STATA soft-

ware, version 12.0.
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Results

Study selection and characteristics

Figure 1 illustrates the study selection process. A total of

916 articles were identified through database search

according to the previously established medical terms.

After each publication was screened through titles and

abstracts, 898 of these were excluded. Following detailed

evaluation among the remaining eighteen records, a total of

eleven articles were finally included in this systematic

review.

The total number of participants enrolled amounted to

135,605 in the incidence studies and 13,031 in the mor-

tality studies. The characteristics of the included studies are

exhibited in Table 1. Five of the studies were population-

based cohort studies [10, 19–22]; five of these were case–

control studies [23–27]; and one was cross-sectional study

[28]. Six of the studies were based in Europe [10, 22, 24,

26–28]; five were performed in North America [19–21, 23,

25]. Overall, the quality of the included studies was good:

The median (range) NOS score was 7 (5–8).

The summary of the results of each included study is

showed in Table 2. There were inconsistencies among the

adjustments of confounding factors in each study. Eight

studies reported outcomes with a variety of adjustments

[10, 19–25, 27], e.g., age, gender, BMI, hypertension, and

other established risk factors for CRC, as well as medica-

tion use, whereas three studies did not adjust for potential

confounders [10, 26, 28].

Risk of CRC incidence

The association between ACEIs/ARBs use and risk of CRC

incidence was examined in seven studies, four of which

were case–control studies within a cohort [23–26], one was

a cross-sectional study using a prospectively maintained

database [28], and two were cohort studies [10, 22].

Among these studies, one [10] reported outcomes in SIRs

and was consequently excluded from the meta-analysis.

The meta-analysis of the remaining six studies [22–26,

28] involving 113,048 patients showed that the risk of CRC

significantly decreased in ACEIs/ARBs users compared to

non-users. In general, the pooled RR for CRC was 0.94

(95 % CI 0.89–0.98, p = 0.006). There was no statistically

heterogeneity among studies (I2 = 0 %, p = 0.89; Fig. 2a).

In addition, sensitivity analyses were conducted

(Table 3). When a random-effects model was adopted, the

results did not change (RR 0.94, 95 % CI 0.89–0.98,

p = 0.006). In subgroup analysis according to study type,

individuals using ACEIs/ARBs were associated with a 6 %

decreased risk of CRC among the case–control studies

(95 % CI 0.90–0.99, p = 0.010). No significant hetero-

geneity was observed (I2 = 0 %, p = 0.910; Fig. 2b).

Because there was only one cohort study [22] and one

cross-sectional study [28], no subgroup analysis was con-

ducted among these groups of patients. Furthermore, when

two trials [26, 28] without adjusting for confounding fac-

tors were removed, the pooled RR was 0.93 (95 % CI

0.88–0.98, p = 0.010) (I2 = 0 %, p = 0.980; Fig. 2c).

Another subgroup analysis indicated a 13 % decreased risk

of CRC in ACEI users compared with non-users (95 % CI

0.81–0.93, p\ 0.0001; Fig. 3). Comparison between ARB

users and non-users was not allowed due to insufficient

data. Nevertheless, the findings did not remain robust after

excluding the study by Azoulay et al. [24] (RR 0.95, 95 %

CI 0.88–1.03, p = 0.210; Table 3). Furthermore, there was

no indication of publication bias with Egger’s test

(p = 0.801).

Risk of CRA incidence

A retrospective cohort study [19] involving 1,760 contin-

uous lisinopril (a kind of ACEIs) users and 2,900 non-

users, who all had a history of adenomatous polyps (AP),

and were on a follow-up colonoscopy, was performed inFig. 1 Flow diagram of the study selection process
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the USA. It indicated a 41 % reduction in the incidence of

advanced APs in lisinopril users compared to non-users

(95 % CI 0.49–0.69). After adjusting for known polyp risk

factors, as well as NSAID and statin treatment, the asso-

ciation was significant.

Survival and prognosis of CRC

The relationship between ACEIs/ARBs use with survival

and prognosis of established CRCs was evaluated in three

studies. A retrospective cohort study by Engineer et al. [20]

Fig. 2 Forest plot of

comparison. Angiotensin-

converting enzyme inhibitors/

angiotensin receptor blockers

users versus non-users;

outcome: risk of colorectal

cancer incidence. A fixed-

effects model was adopted.

a Total risk; b subgroup

analysis in case–control studies;

c subgroup analysis in studies

with adjustment of confounders

Table 3 Subgroup and sensitivity analyses of the association between ACEIs/ARBs use and CRC risk

Subgroup Included studies No. of

participants

Summary RR

(95 % CI)

P Heterogeneity

v2 I2 (%) P

A fixed-effects model 6 [22–26, 28] 113,048 0.94 (0.89, 0.98) 0.006 1.71 0 0.89

Case–control studies 4 [23–26] 102,326 0.94 (0.90, 0.99) 0.010 0.52 0 0.91

Studies with adjustment

of confounders*

4 [22–25] 78,919 0.93 (0.88, 0.98) 0.010 0.21 0 0.98

ACEI users vs. non-users 3 [24, 25, 28] 57,945 0.87 (0.81, 0.93) \0.0001 0.83 0 0.66

Excluding the study by

Azoulay et al.

5 [22, 23, 25, 26, 28] 51,892 0.95 (0.88–1.03) 0.210 1.48 0 0.83

No. number, RR risk ratio, ACEI angiotensin-converting enzyme inhibitor

* The confounders included use of aspirin/non-steroidal anti-inflammatory drugs in all four studies with adjustments

Fig. 3 Forest plot of

comparison. Angiotensin-

converting enzyme inhibitors

users versus non-users;

outcome: risk of colorectal

cancer incidence. A fixed-

effects model was adopted
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demonstrated that patients with stage III and IV CRC

exposed to a combination of ACEIs/ARBs and beta

blockers had a decreased mortality compared to unexposed

patients (HR 0.50, 95 % CI 0.29–0.85; Cox regression,

p = 0.010). Moreover, it also showed a decline of hospi-

talizations and cancer progression in the exposed group

(HR 0.59, 95 % CI 0.36–0.99, p = 0.047). A nested case–

control study by Cardwell et al. [27] found a reduction in

cancer-specific mortality in CRC patients using ACEI

compared to non-users (adjusted OR 0.78, 95 % CI 0.66,

0.92), but the association was not significant among ARB

users (adjusted OR 0.82, 95 % CI 0.64, 1.07). However,

Holmes et al. [21] did not find any difference of mortality

in ACEIs/ARBs users compared to non-users in CRC

individuals (HR 1.03, 95 % CI 0.93–1.15, p = 0.560)

(Tables 1, 2). In the meta-analysis, the combined RR was

0.81 for CRC mortality (95 % CI 0.60–1.09, p = 0.160;

Fig. 4). There was significant heterogeneity among the

studies (I2 = 85 %, p = 0.002), as a result of the different

study designs and heterogeneity in the study population.

Dose–response relationship

Seven studies investigated the dose–response relationship

between ACEIs/ARBs therapy and CRC, the results of

which are listed in Table 4. Most studies did not observe

any apparent dose–response relationships based on cate-

gories of cumulative duration and dosage, except for the

two studies by Makar et al. [26] and Kedika et al. [19].

Discussion

The present systematic review with meta-analysis has

indicated that ACEIs/ARBs might be associated with a

reduced risk of CRC, as well as its precancerous lesion,

CRA. Furthermore, there was some evidence to suggest

that ACEIs/ARBs treatment might improve the outcomes

in patients suffering from CRC, but the evidence was not

robust. The dose–response relationship was uncertain,

while some evidence has illustrated that longer duration

and higher dose of ACEIs/ARBs therapy are associated

with lower risk of CRC or advanced AP.

There is a body of evidence that many of the agents used

in the cardiovascular system, such as statins [29] and

aspirins [30], play a protective role in CRC. In addition,

combination therapy with ACEIs or ARBs and cyclooxy-

genase-2 inhibitors has been indicated to have an anti-

cancer effect through down-regulation of insulin-like

growth factor I receptors in colon cancer cells [31]. ACEIs

and ARBs are antihypertensive medications which act

specifically on the RAS. Accumulating data has suggested

that RAS is involved in certain steps of carcinogenesis and

consequently regulates cell proliferation and tumor growth

[32]. It is demonstrated that RAS inhibitors might exert an

inhibitory effect on tumor angiogenesis by reducing the

expression of vascular endothelial growth factor [33],

induce cancer cell apoptosis, and disrupt the microenvi-

ronment of tumor [34].

In particular, a previous in vivo study has showed that

ACEIs or ARBs reduce the number of colonic pre-neo-

plastic lesions in metabolically disordered mice [35]. As an

obesity-related metabolic abnormality, CRC is prevented

by RAS inhibitors through attenuating chronic inflamma-

tion in the colonic mucosa [36]. Furthermore, there is

convincing evidence that ACEIs or ARBs suppress CRC

liver metastases [37–39] and improve survival in estab-

lished CRC patients.

Moreover, the ACE insertion/deletion (I/D) gene poly-

morphism is related to the positive association between

ACEIs/ARBs and CRC. The cohort study by van der

Knaap et al. [22] has demonstrated that individuals with the

DD genotype, which is associated with high levels of ACE,

are protected against cancer by RAS inhibitors.

It is commonly accepted that most CRCs develop from

CRAs via an adenoma–carcinoma sequence [40]. The

cohort study by Kedika et al. [19] has indicated that the

long-term use of lisinopril is related to decreased incidence

of advanced APs. Therefore, the authors speculated that

ACEIs might lower the risk of CRC by reducing the

development of advanced AP.

However, there had been some potential confounders

that should be taken into consideration before we drew a

conclusion. Firstly, users of ACEIs/ARBs tend to suffer

from obesity, hypertension, diabetes mellitus, and other

conditions of the metabolic syndrome. Meanwhile, they

Fig. 4 Forest plot of comparison. Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers users versus non-users; outcome:

colorectal cancer-related mortality. A random-effects model was adopted
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may be more likely to be smokers [24]. These factors were

associated with higher CRC risk. On the contrary, users of

ACEIs/ARBs are more probable to be prescribed statins

and aspirin [24], which have been recognized as pharma-

ceutical approaches for CRC prevention [36]. Fortunately,

most included studies have adjusted these confounders

except two [26, 28], and the result remained significant

when excluding these two studies. Among studies evalu-

ating the survival and prognosis of CRC, all three articles

have adjusted for cancer stage.

The current study has some limitations. First of all,

current evidence on this topic is still limited; further

research is likely to have an important impact on the

estimate of effect. Secondly, other certain confounders of

CRC, such as family history, occupational exposure, and

race, were not adjusted. Thirdly, all the included articles

were observational studies, and no randomized controlled

trials were identified, which prevented us from determining

the causality of the association. Fourthly, many of the

included studies did not ascertain medication compliance

of the patients. Meanwhile, individuals treated with ACEIs/

ARBs were under increased medical surveillance, leading

to follow-up bias. Furthermore, in the meta-analysis of

mortality studies, statistical heterogeneity existed. Last but

not least, in the study by Marker et al. [26] that analyzed

the dose–response relationship, there might be misclassi-

fication of exposure duration, given the lack of information

about medication use before enrollment.

To our knowledge, it is the first systematic review with

meta-analysis to investigate the association between

ACEIs/ARBs therapy and CRC. The included studies were

of high quality, and many of them were based on a large

prescription database. Therefore, a large study population

was involved, relatively complete follow-ups were assured,

and reliable data on CRC incidence or mortality were

provided. The meta-analysis of incidence studies enrolled a

total of 113,048 participants, with no heterogeneity

observed among the individual studies, which ascertained

considerable statistical power. In addition, sensitivity and

subgroup analyses were performed to observe the insta-

bility of the meta-analysis.

In conclusion, there was evidence that ACEIs/ARBs

therapy might be associated with a reduced risk of CRC,

but whether use of these agents improves the outcomes of

CRC remained unknown. The dose–response relationship

was vague, whereas some evidence has suggested that the

association between ACEIs/ARBs and CRC development

might be related to longer duration and higher dose.

However, the results from this study did not allow for a

definitive conclusion. Further large-scale studies are

required to confirm this relationship, and to explore the

optimal dose and duration of ACEIs/ARBs for preventive

or adjuvant therapy in CRC.T
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