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Summary

Background—Angiotensin-receptor blockers (ARBs) are a widely used drug class approved for

treatment of hypertension, heart failure, diabetic nephropathy, and, recently, for cardiovascular

risk reduction. Experimental studies implicate the renin-angiotensin system, particularly

angiotensin II type-1 and type-2 receptors, in the regulation of cell proliferation, angiogenesis, and

tumour progression. We assessed whether ARBs affect cancer occurrence with a meta-analysis of

randomised controlled trials of these drugs.

Methods—We searched Medline, Scopus (including Embase), Cochrane Central Register of

Controlled Trials, Cochrane Database of Systematic Reviews, and the US Food and Drug

Administration website for studies published before November, 2009, that included any of the

seven currently available ARBs. Randomised controlled trials with an ARB given in at least one

group, with a follow-up of at least 1 year, and that enrolled at least 100 patients were included.

New-cancer data were available for 61 590 patients from five trials. Data on common types of

solid organ cancers were available for 68 402 patients from five trials, and data on cancer deaths

were available for 93 515 patients from eight trials.

Findings—Telmisartan was the study drug in 30 014 (85·7%) patients who received ARBs as

part of the trials with new cancer data. Patients randomly assigned to receive ARBs had a

significantly increased risk of new cancer occurrence compared with patients in control groups

(7·2% vs 6·0%, risk ratio [RR] 1·08, 95% CI 1·01–1·15; p=0·016). When analysis was limited to
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trials where cancer was a prespecified endpoint, the RR was 1·11 (95% CI 1·04–1·18, p=0·001).

Among specific solid organ cancers examined, only new lung-cancer occurrence was significantly

higher in patients randomly assigned to receive ARBs than in those assigned to receive control

(0·9% vs 0·7%, RR 1·25, 1·05–1·49; p=0·01). No statistically significant difference in cancer

deaths was observed (1·8% vs1·6%, RR 1·07, 0·97–1·18; p=0·183).

Interpretation—This meta-analysis of randomised controlled trials suggests that ARBs are

associated with a modestly increased risk of new cancer diagnosis. Given the limited data, it is not

possible to draw conclusions about the exact risk of cancer associated with each particular drug.

These findings warrant further investigation.

Introduction

Antagonists of the angiotensin II type-1 receptor (ie, angiotensin-receptor blockers, ARBs)

are a widely used class of drugs. The first ARB, losartan, was approved for clinical use in

1995, followed by six other drugs, including valsartan, candesartan, irbesartan, telmisartan,

olmesartan, and eprosartan. These drugs are used for treatment of highly prevalent

conditions such as hypertension, heart failure, and diabetic nephropathy.1–3 Most recently,

telmisartan was approved for lowering the risk of cardiovascular events in high-risk patients

who are unable to take angiotensin-converting enzyme (ACE) inhibitors. Many large,

randomised controlled trials of ARBs have supported their clinical indications.4–23

Currently, there are no major safety concerns with ARBs, apart from their use in pregnancy,

renal-artery stenosis, and chronic kidney disease. Although preclinical carcinogenicity

studies in rats and mice have been negative,24–26 experimental studies implicate the

reninangiotensin system, particularly angiotensin II type-1 and type-2 receptors (AT1R and

AT2R), in the regulation of cellular proliferation, angiogenesis, and tumour progression.27

However, clinical trials of ARBs have mainly assessed their effects on cardiovascular and

renal endpoints and have usually not reported incidence of cancers. In 2003, the Candesartan

in Heart failure Assessment of Reduction in Mortality and Morbidity (CHARM)

programme, assessing ARBs in heart failure, reported an unexpected finding of significantly

higher fatal cancers in the candesartan group than with placebo.5 Because the results of

several other large ARB trials have become available since the publication of the CHARM

trial, we decided to do a meta-analysis of randomised controlled trials of these drugs, to

examine their effect on occurrence of new cancers. Our secondary objectives were to

determine whether ARBs affect the occurrence of specific solid-organ cancers and cancer

deaths.

Methods

Data collection

The aim of this meta-analysis was to include all publicly available data for development of

cancers from randomised controlled trials of ARBs. We did systematic searches of Medline,

Scopus (including Embase and several other journal groups from a wide range of

disciplines), Cochrane Central Register of Controlled Trials, Cochrane Database of

Systematic Reviews, and the public website of the US Food and Drug Administration
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(FDA), through November, 2009. The search terms and other search strategies are described

in detail for each database in the webappendix. Briefly, Medline searches for randomised

controlled trials published in English were done for all seven clinically available ARBs

using their generic names as search terms (losartan, valsartan, candesartan, irbesartan,

eprosartan, telmisartan, and olmesartan), giving 1531 results (figure 1). Scopus was searched

with a similar method and led to 503 additional results. A search of the Cochrane Central

Register of Controlled Trials did not identify any new results different from those found

with Medline. The Cochrane Database of Systematic Reviews was also searched for all

seven ARBs and led to 23 results, resulting in a total of 2057 search results. The FDA

website was searched using the generic and brand names of all available ARBs. The links of

every search result were examined thoroughly for additional information on cancer in

randomised trials of ARBs.

Study selection

All of the search results were assessed for study duration and sample size. Since cancer is an

uncommon adverse event with a long latent period, it is rarely reported in small studies with

short follow-up periods. Therefore, trials with a median or mean follow-up of less than 12

months, or involving a study population of fewer than 100 patients, were excluded. These

cut-off values for study duration and enrolment size are based on a previous meta-analysis

examining the effect of statins on incident cancer.28 However, to limit the possibility of

missing pertinent information, the abstracts of all smaller trials were screened for the terms

“cancer”, “carcinoma”, “malignancy”, “neoplasm”, “neoplasia”, and “tumor”, which did not

reveal any relevant information. Trials where all groups received an ARB were also

excluded.

60 trials that fulfilled the inclusion criteria were examined for reporting of cancer data

(figure 1; webappendix), which was available for five trials: LIFE,4 TROPHY,6 and

TRANSCEND7 reported cancer occurrence; CHARM-Overall5 and OPTIMAAL12 reported

cancer deaths. The FDA website was searched for additional information, using the search

strategy stated in the webappendix. Information on the occurrence of new cancer, solid-

organ cancers (lung, breast, and prostate cancer), and cancer death was obtained for two

more large trials (ONTARGET and PROFESS).29 Additionally, searches of the FDA

website identified data for organ-specific new cancers in LIFE,30 TRANSCEND,29 and

CHARM-Overall,31,32 and for cancer deaths in LIFE,30 TRANSCEND,29 VALIANT,33 and

VAL-HEFT34 (figure 1). For the CHARM-Overall programme, only the total number of

neoplasms and cancer deaths were reported and data for malignant neoplasms (ie, fatal and

non-fatal cancers, excluding benign neoplasms) were not described in the peer-reviewed

publication or in the FDA website documents.5,31,32 As a result, for the primary objective of

assessing the effect of ARBs on new cancer occurrence, a total of five trials were included:

LIFE, TROPHY, TRANSCEND, ONTARGET, and PROFESS (n=61 590).

For the secondary outcome of assessing occurrence of specific solid-organ cancers, five

trials were included: LIFE, CHARM-Overall, TRANSCEND, ONTARGET, and PROFESS

(n=68 402). Data on organ cancers other than lung, prostate, and breast cancer were not

uniformly reported and were grouped as other cancers. For the secondary outcome of
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assessing cancer-related deaths, eight trials were included: LIFE, CHARM-Overall,

TRANSCEND, ONTARGET, PROFESS, OPTIMAAL, VALIANT, and VAL-HEFT (n=93

515; figure 1). Therefore, data from a total of nine different trials were used in the analyses.

Data on fatal cancers and two organ-specific cancers (lung and prostate, but not breast

cancer) were also available for the CHARM-Added component of the CHARM programme,

which assessed candesartan plus an ACE inhibitor versus ACE inhibitor alone.31,32,35 This

information, and data from the ONTARGET study (telmisatan plus ramipril vs ramipril

alone),29 were used for analysis of overall cancer risk and risk of specific solid-organ

cancers associated with ARB plus ACE-inhibitor therapy compared with ACE inhibitors

alone.

Ascertainment of cancer diagnosis

Cancer was a prespecified endpoint of special interest in three of the five trials that included

new-cancer data for analysis of cancer occurrence (LIFE, ONTARGET, and

TRANSCEND), corresponding to 66% (40 739 of 61 590) of patients with new-cancer data.

Cancer was a prespecified adverse event of special interest in the LIFE trial,30 and adverse

experiences were monitored throughout the study and specifically recorded at each visit.36

In the ONTARGET and TRANSCEND trials, information on the occurrence of

malignancies was also collected prospectively, in more detail than usual for trials of

cardiovascular outcome, according to the FDA briefing document.29 After the last patient

visit, the steering and operations committees requested detailed information for each report

of cancer, and all reports were reviewed by the adjudication committee of each trial. In the

remaining two trials (PROFESS and TROPHY; 34% of patients [20 851 of 61 590]), cancer

information was collected as new serious adverse events per routine pharmacovigilance

monitoring.6,29

Data extraction

Data extraction from source documents was done independently by two of the investigators

(IS and SMD) and verified. Number of cancers, specific organ cancers, cancer deaths, and

total number of patients in each trial group were extracted, along with other information

including disorders studied, all-cause death and myocardial infarction rates or hazard ratios

(HR), trial duration, age, sex, ethnic origin, smoking status, cancer history, medication

adherence, and dropout rates. In addition to number of cancers, HR for cancer occurrence

were reported in three trials (TRANSCEND, ONTARGET, and PROFESS) and were also

extracted.29 There were two cases of discrepancy between the peer-reviewed articles and the

FDA documents (356 and 315 new cancers were reported in the LIFE study4 for losartan

and atenolol, respectively, vs 358 and 320 in the FDA document;30 86 cancers deaths with

candesartan were reported in CHARM-Overall5 vs 84 in the FDA document31,32). In these

cases, data from the FDA documents were used in the analyses because they were more

recent.

Statistical analysis

Begg's rank-correlation method was used to assess publication bias,37 by testing for

Kendall's tau with Wessa software, version 1.0.10 (Free Statistics Software, version 1.1.23-
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r4),38 and a funnel plot was generated. Statistical heterogeneity across trials was tested by

Cochran's Q statistic. An alpha value of 0·10 was taken to indicate heterogeneity among

trials for each analysis. Degree of heterogeneity for each analysis was presented with I2

values. Fixed-effect models were used in all analyses unless there was evidence of

heterogeneity. A random-effects model was used for a single occasion with evidence of

heterogeneity, for assessing risk of new lung cancers in patients not receiving background

ACE inhibitors. Risk ratios (RRs) were mainly used as the meta-analytic measure of

association, and were calculated using the number of cancers recorded and number of

patients in each trial group (ie, 2×2 tables). When the main analysis was limited to three

trials with cancer as a prespecified event (ONTARGET, TRASCEND, and LIFE), we used a

more robust method of combining the available HR from two of the trials (ONTARGET and

TRANSCEND), and the 2×2 table information from the third trial (LIFE) to obtain the meta-

analytic RR.

To assess for possible survival bias, a meta-analytic HR for all-cause death was calculated

by use of HR for death with ARBs in the included trials. Additional sensitivity analyses

were done, where the primary outcome of cancer occurrence was explored with the more

conservative random-effects model, the meta-analysis was limited to patients without a

history of cancer at baseline, and all neoplasms reported in the CHARM trial were assumed

to be malignant. Number needed to harm was calculated using background cancer incidence

for people aged 65–69 years (corresponding to the mean age of patients in these trials),39

and the meta-analytic RRs obtained from all trials, and also with the RR obtained from trials

where cancer was a prespecified endpoint.40,41 p values less than 0·05 were considered

significant, and all reported p values are two-sided. Data were analysed with Comprehensive

Meta Analysis version 2.2.048.

Role of funding source

There was no funding source for this study. The corresponding author had full access to all

data and had final responsibility for the decision to submit for publication.

Results

Characteristics of the randomised controlled trials included in the analyses are summarised

in table 1. Both patients and investigators were masked to treatment allocation in all trials.

For the primary outcome of cancer occurrence, telmisartan was the main ARB used as the

study drug (in 30 014 [85·7%] patients). There was no notable imbalance within trial groups

with regard to age, sex, ethnic origin, smoking status, and history of previous cancer.

Overall, very few patients had a history of cancer at baseline. At trial closure, adherence to

ARBs was 77–85% (73–85% with control), and dropouts or loss to follow-up were very low

and were comparable in the ARB and control groups (table 2). The test statistic for Begg's

rank-correlation method, Kendall's tau, was non-significant (p>0·80) for new cancer

occurrence and cancer death, denoting no evidence of publication bias (figure 2).

In all trials, use of concomitant ACE inhibitors was determined by the study protocol. LIFE,

TROPHY, and TRANSCEND trials did not allow treatment with ACE inhibitors. In the

CHARM-Preserved component of CHARM, and in the PROFESS and VAL-HEFT trials,
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treatment with an ACE inhibitor was allowed in both groups. In the CHARM-Added

component, all patients in both candesartan and placebo groups were given a concomitant

ACE inhibitor. In the CHARM-Alternative component, patients were not allowed to be on

an ACE inhibitor in the placebo or candesartan groups. The ONTARGET and VALIANT

studies had three groups (ARB alone, ACE inhibitor alone, and ARB plus ACE inhibitor)

that did not allow any other ARB or ACE inhibitor.

In all trials apart from PROFESS, there was a numerical excess of new cancers with ARBs.

Meta-analysis showed a significantly increased risk of new cancer for patients randomised

to receive ARBs compared with patients randomised to receive controls (7·2% vs 6·0%,

I²=0%, meta-analytic RR 1·08, 95% CI 1·01–1·15; p=0·016; figure 3A). When analysis was

limited to the three clinical trials where cancer was a prespecified endpoint and cancer data

was rigorously collected (LIFE, ONTARGET, and TRANSCEND) there was also a

significant increase in risk of cancer with ARBs, compared with those randomly assigned to

control (I2=0%, RR 1·11, 1·04–1·18; p=0·001; figure 3B). Meta-analysis of the three trials of

telmisartan again showed an increase in new cancer occurrence with this ARB, compared

with control (RR 1·07, 95% CI 1·00–1·14; p=0·05). The occurrence of new cancer was also

assessed according to background ACE-inhibitor therapy (figure 4). For patients in both

treatment groups receiving a mandatory ACE inhibitor, randomisation to an ARB was

associated with a significantly higher occurrence of new cancer than was randomisation to

control (9·7% vs 8·6%, RR 1·13, 95% CI 1·03–1·24; p=0·011; figure 4A). In trials where

ACE inhibitors were not allowed as concomitant treatment, again there was significant

excess of new cancers with ARBs compared with controls (8·2% vs 7·6%, RR 1·08, 95% CI

1·00–1·16; p=0·041; figure 4B).

The effect of ARBs on the occurrence of new lung, prostate, and breast cancers is shown in

table 3. There was an excess of new lung cancers in all trials, with a significant excess in the

LIFE trial (0·6% with losartan, 0·3% with atenolol, RR 2·41, 95% CI 1·23–4·71; p=0·01).

Meta-analysis showed an increase in relative risk for the occurrence of new lung cancer in

patients randomised to an ARB compared with control (0·9% vs 0·7%, I2=6·6%, RR 1·25,

1·05–1·49; p=0·01]). This effect was also seen in the subgroup of patients who received

background ACE-inhibitor therapy (1·4% vs 1·1%, RR 1·32, 1·03–1·69; p=0·031). For

patients not receiving a concomitant ACE inhibitor, the occurrence of new lung cancer was

1·0% in the ARB group and 0·8% in controls (RR 1·50, 0·93–2·41; p=0·097; random-effects

model used due to evidence of heterogeneity among trials, I2 65%). In all five trials

included, there was an excess of prostate cancer in the ARB groups compared with control,

although it was not significant in meta-analysis (1·7% vs 1·3%, RR 1·15, 0·99–1·34;

p=0·076). The occurrence of breast cancer and of cancers other than lung, prostate, and

breast combined did not differ significantly between ARB and control groups (p=0·74 for

breast cancer, p=0·33 for other cancers combined).

Figure 5 shows the effect of randomisation to an ARB on cancer deaths. Overall, there was

no significant difference in cancer deaths between patients randomised to ARBs and those

randomised to control for the duration of follow-up (1·8% vs 1·6%, RR 1·07, 95% CI 0·97–

1·18; p=0·18).
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The meta-analysis findings remained robust to methodological changes in sensitivity

analysis. When the primary outcome of cancer occurrence was explored with a random-

effects model, the results did not change (RR 1·08, 95% CI 1·01–1·15; p=0·016). Another

analysis was done in which patients with a history of cancers at baseline were excluded,

since this information was available for the ONTARGET and TRANSCEND trials. Patients

with no history of cancer who were randomised to ARBs had a significantly increased risk

of new cancer compared with controls (1541 of 18 778 at risk [8·2%] vs 794 of 10 859

[7·3%], I2 17·3%, meta-analytic HR 1·10, 95% CI 1·02–1·18; p=0·01). The CHARM-

Overall programme could not be included in the primary analysis of new cancers because of

a lack of discrimination between benign and malignant neoplasms. Because the FDA

document stated that most neoplasms were malignant, the primary meta-analysis was

repeated (total n=69 189) considering all neoplasms in CHARM as malignant (244

neoplasms with candesartan, 230 with placebo in the FDA document). This analysis yielded

a similar RR (1·08, 95% CI 1·02–1·15; p=0·014).

To assess for survival bias, risk of all-cause death with ARBs was calculated by including

the trials used in the main analysis and the CHARM trial. An HR of 0·99 was found for all-

cause death (95% CI 0·93–1·05, p=0·67), suggesting that there was no survival bias

(webappendix). Similarly, there was no change in the risk of myocardial infarction with

ARBs in these trials (meta-analytic RR 1·00, 0·93–1·08; p=0·96).

Number needed to harm was calculated using background cancer incidence for people aged

65–69 years, corresponding to mean age of patients enrolled in these trials (2240·5 cancers

per 100 000 people per year).39 According to the RR for cancer occurrence found from all

trials, for one excess cancer diagnosis 143 patients (95% CI 76–793) would need to receive

treatment for about 4 years (weighted average duration of follow-up). According to the RR

found from trials where cancer was a prespecified outcome, number needed to harm was 105

(63–271) with the same method.

Discussion

In this meta-analysis, we found that ARBs are associated with a modestly increased risk of

new cancer occurrence. To the best of our knowledge, this analysis incorporated all publicly

available data on new cancer occurrence from randomised trials of ARBs. Information was

from peer-reviewed publications and data posted on the FDA website, a valuable source for

meta-analyses.44 A strength of this meta-analysis is the inclusion of data from randomised

controlled trials only, thereby reducing the possibility of confounding variables. The

increased risk of new cancer occurrence is modest but significant. However, the clinical

significance of this potential excess cancer risk is unknown. The finding of a 1·2% increase

in absolute risk of cancer over an average of 4 years needs to be interpreted in view of the

estimated 41% lifetime cancer risk.45 Variation in the magnitude of effect with different

durations of exposure, and the significance of these findings at the population level, are also

unknown.

The first indication of a possible increase in cancer risk with angiotensin-receptor blockade

was noted in the CHARM trial of candesartan in 2003.5 This trial reported a significant
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increase in risk of fatal cancers in patients randomised to candesartan compared with

placebo (86 [2·3%] vs 59 [1·6%], p=0·038). This imbalance was attributed to chance by the

investigators and was later reviewed in detail in an FDA document, which noted that “more

cancer deaths occurred in the candesartan group, but the investigator-reported rate of

nonfatal neoplasms was more equal between treatment groups”.31,32 5 years later, results of

the ONTARGET and TRANSCEND trials were published, which investigated another

ARB, telmisartan.7,8 In July, 2009, a detailed briefing document on telmisartan was

presented to the FDA Cardiovascular and Renal Drugs Advisory Committee,29 noting

excesses in malignancies with telmisartan in both ONTARGET and TRANSCEND. In

ONTARGET, the hazard for malignancies was significantly higher for telmisartan plus

ramipril than ramipril alone, irrespective of the presence of malignancies at baseline (824

[9·7%] vs 735 [8·6%], HR 1·14, 95% CI 1·03–1·26).29 In TRANSCEND, the hazard for

malignancies in patients without cancer at baseline (95% of all patients) was significantly

higher for telmisartan than placebo (206 [7·3%] vs 169 [6·0%], HR 1·24, 95% CI 1·01–

1·52).29 Given these recurring concerns, we decided to do a complete meta-analysis off all

available data on cancer occurrence in randomised controlled trials of ARBs.

It is unlikely that the increased occurrence of new cancers in patients given ARBs was a

secondary result of the treatments given to the control groups protecting against

malignancies. The beta-blocker atenolol was the control drug in one trial, the ACE inhibitor

ramipril was the comparator in another trial, and placebo therapy was given in the remaining

trials. Meta-analyses of randomised trials with beta-blockers and ACE inhibitors have

shown that these drugs have no significant effect on incident cancer.46

New-cancer data were available for three of the seven FDA-approved ARBs; however, most

patients in this meta-analysis received telmisartan as the study drug. When analysis was

limited to telmisartan, the excess in new cancer occurrence was of borderline significance

(p=0·05). The overall risk of cancer with losartan, which had cancer data from a single trial,

was not significant (356 [8%] vs 315 [7%], p=0·118), but the drug was associated with a

significantly increased risk of lung cancer (RR 2·41, 95% CI 1·23–4·71; p=0·01).4,30

Although data for new cancer occurrence were not available for candesartan, there was a

significant excess in fatal cancers with candesartan in the CHARM-Overall programme

(p=0·038) and CHARM-Added trial (p=0·01).5,31,32 Nevertheless, given the limited data, it

is not possible to draw conclusions about the exact risk of cancer associated with each

particular drug. It is also unknown whether the other ARBs (valsartan, irbesartan,

olmesartan, and eprosartan) are associated with an increased risk of new cancer occurrence.

In this analysis, the increased cancer occurrence did not result in a significant excess in

cancer deaths, although oncogenesis, tumour growth, and treatment failure followed by

death is typically a slow process. Therefore, with the present trials, it is not possible to make

conclusions regarding the effect of ARBs on cancer-related deaths. However, in trials with

an average follow-up shorter than 3 years (PROFESS, OPTIMAAL, VALIANT, and VAL-

HEFT), the point estimate of RR for cancer death was very close to 1·0, and in trials longer

than 3 years (LIFE, CHARM-Overall, TRANSCEND, and ONTARGET) the point estimate

was consistently above 1·0.
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The mechanism for the possible increase in the occurrence of new cancer cases associated

with ARBs is uncertain. Angiotensin II exerts its actions through AT1R and AT2R. ARB

drugs are antagonists of AT1R. Experimental studies using cancer cell lines and mouse

models have implicated the renin-angiotensin system in the regulation of cell proliferation,

tumour growth, angiogenesis, and metastasis.27,47 Evidence shows that both AT1R blockade

with an ARB (which is associated with unopposed AT2R stimulation) and direct stimulation

of AT2R are capable of stimulating tumour angiogenesis in vivo.48 However, the relevance

of these observations in human malignancy is largely unknown.

Our study has important limitations. We pooled the results of a group of trials that were not

designed to explore cancer outcomes as the primary outcome measure. The adjudication of

cancer diagnoses was not uniform among the included studies. However, when analysis was

limited to the three trials where cancer was a prespecified endpoint and cancer data were

collected rigorously, there was a significant increase in risk of cancer with ARBs. Cancer

data were not available in peer-reviewed publications or FDA website documents for several

randomised trials of ARBs, which raises the concern of publication bias. Moreover, most of

these trials, including the large VALUE trial (n=15 245),13 did not collect cancer

information. For the meta-analysis, we were still able to include most patients enrolled in the

randomised mortality and morbidity trials of ARBs, including the two largest trials ever

done (ONTARGET, n=25 620; and PROFESS, n=20 332), and trials with the longest

follow-up (LIFE, 4·8 years; ONTARGET and TRANSCEND, 4·7 years). However, we did

not have access to individual patient data for any of these trials. Analysis of cancer data was

based on summaries of events from peer-reviewed publications or publicly disclosed

documents, and the lack of availability of individual data and timing of cancers did not

allow a more statistically powerful time-to-event analysis that could be useful for cancer

because of the latency period. Notably, the effect of sex, age, and smoking could not be

examined because of the lack of patient level data. Finally, meta-analyses are generally

considered less convincing than a large prospective trial designed to assess the outcome of

interest. Nonetheless, meta-analyses can be useful in providing insights into issues of safety

and rare adverse events that might provide the hypothesis for a prospective trial.

In conclusion, this meta-analysis shows that ARBs are associated with a modestly increased

risk of new cancer occurrence. Among the solid organ cancers examined, only the risk of

lung cancer was significantly increased. Given limited data, it is not possible to draw

conclusions about the exact risk of cancer associated with each particular ARB. Our findings

warrant further investigation.
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Figure 1. Flow diagram of literature search to identify randomised controlled trials of
angiotensin-receptor blockers
See webappendix for search terms used in the different databases. FDA=Food and Drug

Administration. ARB=angiotensin-receptor blocker.
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Figure 2. Funnel plot for assessing publication bias for cancer occurrence
Diamond represents log risk ratio (RR) for cancer occurrence (0·07, 95% CI 0·01–0·14).
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Figure 3. Cancer occurrence reported in all included trials of angiotensin-receptor blockers (A)
and trials in which cancer was a prespecified endpoint (B)*
ARB=angiotensin-receptor blocker. *To obtain the meta-analytic risk ratio, hazard ratios

from the ONTARGET and TRANSCEND trials were combined with the risk ratio from the

LIFE trial.
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Figure 4. Cancers in randomised controlled trials, in patients with (A) and without (B)
background ACE-inhibitor treatment
ACE=angiotensin-converting enzyme. ARB=angiotensin-receptor blocker.
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Figure 5. Cancer deaths reported in randomised controlled trials of angiotensin-receptor
blockers
ARB=angiotensin-receptor blocker.
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Table 2

Adherence and dropout or loss to follow-up in trials included in meta-analysis

Adherence at end of trial Dropout or loss to follow-up

ARB Control ARB Control

LIFE30,36 77% 73% 2.3% 2.0%

ONTARGET8,29 85%* 85% NA† NA†

TRANSCEND7,29 81% NA 0.3% 0.3%

PROFESS9,29 68% (at 3 years) 71% (at 3 years) 0.5% 0.7%

CHARM-Overall5,31,32 77% 81% 0.2% 0.1%

TROPHY6 NA NA 14% 14%

VAL-HEFT34,42 NA NA NA NA

OPTIMAAL12 87% (at 2 years) 80% (at 2 years) 0% 0%

VALIANT19,33 NA NA NA NA

ARB=angiotensin-receptor blocker. NA=not available.

*
Average adherence to telmisartan at end of study in telmisartan and telmisartan plus ramipril groups.

†
Overall, 0.2% of patients were lost to follow-up, data per study group not available.
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Table 3

Solid-organ cancers reported in randomised controlled trials of angiotensin-receptor blockers

ARB Control RR (95% CI) I 2 p value

Lung cancer

All available trials

    LIFE30 29/4605 (0.6%) 12/4588 (0.3%) 2.41 (1.23–4.71) 0.01

    CHARM-Overall5,31,32 31/3803 (0.8%) 25/3796 (0.7%) 1.24 (0.73–2.09) 0.43

    TRANSCEND7,29 35/2954 (1.2%) 27/2972 (0.9%) 1.30 (0.79–2.15) 0.30

    ONTARGET8,29 229/17 044 (1.3%) 101/8576 (1.2%) 1.14 (0.90–1.44) 0.27

    PROFESS9,29 37/10 016 (0.4%) 30/10 048 (0.3%) 1.24 (0.77–2.00) 0.39

    Meta-analysis 361/38 422 (0.9%) 195/29 980 (0.7%) 1.25 (1.05–1.49) 6.6% 0.01

With background ACE-inhibitor treatment

    CHARM-Added31,32,35 12/1276 (0.9%) 7/1272 (0.6%) 1.71 (0.68–4.33) 0.26

    ONTARGET8,29 (telmisartan+ramipril vs ramipril) 129/8502 (1.5%) 101/8576 (1.2%) 1.29 (0.99–1.67) 0.055

    Meta-analysis 141/9778 (1.4%) 108/9848 (1.1%) 1.32 (1.03–1.69) 0% 0.031

Without background ACE-inhibitor treatment

    LIFE30 29/4605 (0.6%) 12/4588 (0.3%) 2.41 (1.23–4.71) 0.01

    TRANSCEND7,29 35/2954 (1.2%) 27/2972 (0.9%) 1.30 (0.79–2.15) 0.30

    ONTARGET8,29 (telmisartan vs ramipril) 100/8542 (1.2%) 101/8576 (1.2%) 0.99 (0.76–1.31) 0.97

    CHARM-Alternative31,32,43 10/1013 (1.0%) 3/1015 (0.3%) 3.34 (0.93–12.10) 0.066

    Meta-analysis 174/17 114 (1.0%) 143/17 151 (0.8%) 1.50 (0.93–2.41) 65% 0.097

Prostate cancer
*

All available trials

    LIFE30 58/2118 (2.7%) 42/2112 (2.0%) 1.38 (0.93–2.04) 0.11

    CHARM-Overall5,31,32 32/2617 (1.2%) 27/2582 (1.0%) 1.17 (0.70–1.95) 0.55

    TRANSCEND7,29 35/1674 (2.1%) 27/1705 (1.6%) 1.32 (0.80–2.17) 0.27

    ONTARGET8,29 275/12 544 (2.2%) 128/6245 (2.0%) 1.07 (0.87–1.32) 0.53

    PROFESS9,29 36/6455 (0.6%) 32/6418 (0.5%) 1.12 (0.70–1.80) 0.64

    Meta-analysis 436/25 408 (1.7%) 256/19 062 (1.3%) 1.15 (0.99–1.34) 0% 0.076

With background ACE-inhibitor treatment

    CHARM-Added31,32,35 7/1006 (0.7%) 9/1000 (0.9%) 0.77 (0.29–2.07) 0.61

    ONTARGET8,29 (telmisartan+ramipril vs ramipril) 141/6252 (2.3%) 128/6245 (2.0%) 1.10 (0.87–1.39) 0.43

    Meta-analysis 148/7258 (2.0%) 137/7245 (1.9%) 1.08 (0.86–1.36) 0% 0.52

Without background ACE-inhibitor treatment

    LIFE30 58/2118 (2.7%) 42/2112 (2.0%) 1.38 (0.93–2.04) 0.11

    TRANSCEND7,29 35/1674 (2.1%) 27/1705 (1.6%) 1.32 (0.80–2.17) 0.27

    ONTARGET8,29 (telmisartan vs ramipril) 134/6292 (2.1%) 128/6245 (2.0%) 1.04 (0.82–1.32) 0.75

    CHARM-Alternative31,32,43 8/691 (1.2%) 3/691 (0.4%) 2.67 (0.71–10.01) 0.15

    Meta-analysis 235/10 775 (2.2%) 200/10 753 (1.9%) 1.17 (0.97–1.41) 9.6% 0.10

Breast cancer
†
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ARB Control RR (95% CI) I 2 p value

All available trials

    LIFE30 37/2487 (1.5%) 36/2476 (1.5%) 1.02 (0.65–1.61) 0.92

    CHARM-Overall5,31,32 17/1186 (1.4%) 17/1214 (1.4%) 1.02 (0.52–2.00) 0.95

    TRANSCEND7,29 20/1280 (1.6%) 17/1267 (1.3%) 1.16 (0.61–2.21) 0.64

    ONTARGET8,29 60/4500 (1.3%) 34/2331 (1.5%) 0.91 (0.60–1.39) 0.67

    PROFESS9,29 20/3561 (0.6%) 15/3630 (0.4%) 1.36 (0.70–2.65) 0.37

    Meta-analysis 154/13 014 (1.2%) 119/10 918 (1.1%) 1.04 (0.82–1.32) 0% 0.74

With background ACE-inhibitor treatment‡

    ONTARGET8,29 (telmisartan+ramipril vs ramipril) 33/2250 (1.5%) 34/2331 (1.5%) 1.00 (0.61–1.66) >0.99

Without background ACE-inhibitor treatment

    LIFE30 37/2487 (1.5%) 36/2476 (1.5%) 1.02 (0.65–1.61) 0.92

    TRANSCEND7,29 20/1280 (1.6%) 17/1267 (1.3%) 1.16 (0.61–2.21) 0.64

    ONTARGET8,29 (telmisartan vs ramipril) 27/2250 (1.2%) 34/2331 (1.55) 0.83 (0.50–1.36) 0.45

    CHARM-Alternative31,32,43 5/322 (1.6%) 4/324 (1.2%) 1.26 (0.34–4.64) 0.73

    Meta-analysis 89/6339 (1.2%) 91/6398 (1.4%) 0.99 (0.74–1.32) 0% 0.93

ARB=angiotensin-receptor blocker. RR=risk ratio. ACE=angiotensin-converting enzyme.

*
Analysis limited to men.

†
Analysis limited to women, all breast cancers were assumed to have occurred in women.

‡
Breast-cancer data were not available for the CHARM-Added trial.
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