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ARTICLE INFO ABSTRACT

Aims: The potential influence of angiotensin-receptor blockers (ARBs) on carcinogenesis is a much-debated
topic. Both observational, as well as preclinical studies in rodent carcinogenic assays, suggest a major role of the
Renin-Angiotensin-Aldosterone-System (RAAS) in cancer development. Therefore, a systematic review and
meta-analysis with available study data on ARBs and carcinogenicity in general as primary outcome were
conducted. Secondary outcomes were defined as tumour-specific mortality rates and the frequency of new cases
of specific tumour types with particular emphasis on lung, breast, and prostate cancer.

Methods: A systematic literature research was performed in MEDLINE, EMBASE, Cochrane Library, and
TOXLINE. We used a combination of MeSH terms, keywords and substance names of ARBs and searched between
1950 and 2016. At least 100 participants in each study arm and a minimum follow-up for one year were ne-
cessary for study inclusion. Odds ratios (OR) were calculated by a random-effects model.

Results: A total of 8818 potentially eligible publications were identified of whom seven randomised controlled
trials, four case-control studies and one cohort study met our inclusion criteria. As a key result, we found no
effect on carcinogenesis in randomised controlled trials for ARB usage. (OR 1.02, 95% CI 0.87-1.19; p = .803).
Conflicting results with observational studies could be explained by poor reporting- and study qualities.
Conclusions: The results of our meta-analysis focusing only on high evidence levels and study designs (RCTs) did
not reveal any relationship between pharmacotherapy with an ARB and an increased risk for cancer in general.
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with carcinogenic assays have indicated that, besides its cardiovascular
effects, the RAS also influences migration, angiogenesis and apoptosis

1. Introduction

Cardiovascular drugs were the most prescribed drugs in Germany in
2015 with 21,768,398 prescriptions. Among them, inhibitors of the
renin-angiotensin system (RAS) are the most effective drugs for the
therapy of hypertension, heart failure and kidney diseases. Their pre-
scription volume amounted to 57% of antihypertensive agents [1,2].

Over the last decade, observational studies and preclinical research

as well as proliferation [3]. Angiotensin II (Ang II) acts via the
Angiotensin Type 1 receptor (ATR1), which is upregulated in many
cancer tissues (breast hyperplasia, pancreas carcinoma, lung cancer)
and increases the level of Vascular Endothelial Growth Factor proteins
(VEGF) [4]. Therefore, pharmacotherapeutic RAS modulation, theore-
tically, might have an influence on the incidence of specific cancers.
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Fig. 1. Study selection process.

Initial controversial discussions suggesting that angiotensin-re-
ceptor blockers (ARBs) might increase tumour incidences developed in
2010, when Sipahi et al. [5] published results of a meta-analysis. This
demonstrated that patients which were randomly assigned to receive
ARBs had a significantly increased risk of new onset cancer compared
with patients in respective control groups (Relative Risk - RR 1.08, 95%
CI 1.01-1.15, p = .016, 7.2% vs. 6.0%). The risk was shown to be
especially high in lung cancer patients (RR 1.25, 95% CI 1.05-1.49,
p =.01).

Because of this disconcerting scientific evidence and the indis-
putable high importance of ARBs in the pharmacotherapeutic arma-
mentarium for cardiovascular diseases [6], we conducted a systematic
review on available randomised and observational study data on ARBs
and carcinogenesis as the primary outcome.

2. Methods

Prior to the initiation of the systematic literature research, two se-
parate study protocols were registered within the International
Prospective Register of Systematic Reviews in 2013 (PROSPERO;

CRD42013004749, CRD42013005321). One was for randomised con-
trolled trials and the other was for observational studies. The protocols
contain information about search string, selection criteria and data
extraction procedures as well as statistical analyses. In 2016, the ex-
clusion criteria were changed. Included studies had to compare the use
of ARBs with medication without any influence on the RAS in the
control group. Therefore, studies, which used angiotensin-converting-
enzyme inhibitors (ACEi), beta blockers (BB), or thiazide diuretics in
the control group, were not eligible.

This review was organized and reported by PRISMA and MOOSE
Guidelines [7,8]. Eligible studies were identified through electronic
searches in MEDLINE, EMBASE, Cochrane Library, and TOXLINE be-
tween January 1950 and February 2016. The search string was based
on a combination of MeSH terms, keywords and substance names and
was organized in four fields: population, intervention, outcome and
study design (details under Appendix Table A1). The manual search was
accomplished by searches in reference or citation lists of other reviews,
meta-analyses [9-11] or clinical and observational studies until June
2017. Investigators were not contacted directly.

The frequency of new cancer cases in general was defined as the
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Table 1
Baseline characteristics and quality appraisal of included studies.
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Source, year Study type Participants Intervention Cohort Age Follow up (yrs) Cancer outcome Quality appraisal
Val-HEFT, 2001 [19,20] RCT 5010 Valsartan HF 62.7 1.9 No High risk
TROPHY, 2006 [37] RCT 772 Candesartan HTN 48.5 3.6 No Low risk
NAGOYA HEART, 2012 [17] RCT 1150 Valsartan HTN + GI 63 3.2 No High risk
TRANSCEND, 2008 [38,39] RCT 5926 Telmisartan CVD or DM 66.9 4.7 Yes Low risk
I-Preserve, 2010 [40,41] RCT 4128 Irbesartan HF, | EF 72 4.1 No Low risk
PROFESS, 2008 [38,42] RCT 20,064 Telmisartan Stroke 66.1 2.5 No Low risk
CASE-J ex, 2011 [18] RCT 2066 Candesartan CVD + DM 63.9 6.2 No High risk
Hallas, 2012 [43] CC 747,085 ARB cancer 69.4 7.8 Incidence Very high risk
Chang, 2011 [30] CC 6385 ARB DM 66.2 7.4 Incidence Low risk
Kemppainen, 2011 [44] CC 49,314 ARB CaP - <1lto >6 Incidence High risk

Li, 2013 [45] CC 2851 ARB CaB - <5to >10 Incidence High risk
Huang, 2011 [22] cohort 109,002 ARB HTN 58.6 5.7 Incidence High risk

Numbers are presented as absolute values, mean or median; RCT = randomised controlled trial, CC = case-control study, yrs. = years.

HF = heart failure, AMI = acute myocardial infarction, HTN = Hypertension, GI = glucose intolerance, CVD = cardiovascular disease, DM = Diabetes mellitus,
AP = Angina pectoris, EF = ejection fraction, CaP = Prostate cancer, CaB = Breast Cancer, Val-HEFT = Valsartan Heart Failure Trial, TROPHY = The Trial of
Preventing Hypertension, TRANSCEND = The Telmisartan Randomised Assessment Study in ACE Intolerant subjects with cardiovascular disease, Preserve = The
Irbesartan in Heart Failure With Preserved Ejection Fraction Study, PROFESS = The Prevention Regimen for Effectively Avoiding Second Strokes Study, CASE-J
ex = The Candesartan Antihypertensive Survival Evaluation in Japan Extension Study, Quality appraisal: Newcastle-Ottawa Scale 7-9 = low risk 4-6 = high risk

0-3 = very high risk (observational studies), Risk of Bias Tool for RCTs.

O RCT
A Case-Control
O Cohort
2
,.v‘ T T T
0.14 0.87 1 272 7.39
0Odds Ratio (log scale)
Fig. 2. Contour-enhanced funnel plot for assessing publication bias for RCTs and observational studies (90, 95, 99% CI).

primary outcome. We used tumour-specific mortality and new cases of
different tumour types, i.e. lung, breast, and prostate cancer, as sec-
ondary outcomes. Eligible trials had to be double-blind, randomised,
open-label extension studies or case-control and cohort studies pub-
lished in English language with at least 100 patients in each study arm,
a minimum follow-up of one year and treatment with an ARB. Potential
studies had to publish their results regarding new tumour cases or tu-
mour-specific mortality. Studies with the following criteria were ex-
cluded: participants under 18 years of age, having any cancer disease in
baseline characteristics, cross-sectional studies and studies with RAS
modulating medication in the control group;

The inclusion procedure was performed by two independent re-
viewers (SF and DA, interns) in three steps: (1) title-abstract-screening,
(2) labelling according tumour data and (3) data synthesis.

Disagreements were resolved by a 3rd advanced reviewer. Extracted
data included baseline characteristics (e.g. age, smoking, comorbidities,
ethnicity), intervention and control medication with dosages and
duration of intake. Quality appraisal was undertaken with the Cochrane
Collaboration tool for assessing risk of bias in RCTs and the Newcastle
Ottawa Scale (NOS) for assessing bias risk in observational studies.
Randomised trials with one high or unclear risk in the first four items
(random sequence generation, allocation concealment, blinding of
participants and personnel) were rated as studies with high risk of bias
[12]. Other items were screened and presented (Table A3), but not used
in the overall quality appraisal. Bias risk for observational studies was
rated with the Newcastle-Ottawa Scale [9-13]. Here, 7-9 points cor-
respond to “low risk”, 4-6 correspond to “high risk” and 0-3 to “very
high risk”. All data was extracted with standardized evidence tables.
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Treatment Control
Source Year Events Total Events Total Odds Ratio OR 95% ClI QA Follow-up [yrs]
TROPHY 2006 4 391 3 381 1.30 [0.29; 5.86] low risk 3.6
NAGOYA HEART 2012 22 575 23 575 0.95 [0.53; 1.73] high risk 3.2
TRANSCEND 2008 236 2954 204 2972 J[—'— 1.18 [0.97; 1.43] low risk 4.7
PRoFESS 2008 326 10016 340 10048 E 0.96 [0.82; 1.12] low risk 25
CASE-J ex 2011 33 1140 39 1092 j 0.80 [0.50; 1.29] high risk 6.2
Hallas et al. 2012 1765 7985 143978 721984 1.14 [1.08; 1.20] very high risk 7.8
Chang et al. 2011 333 1674 948 4711 = 0.99 [0.86; 1.13] low risk 7.4
Kemppainen et al. 2011 643 1182 11938 24846 = 1.29 [1.15; 1.45] high risk <1to>6
Lietal. 2013 124 172 1033 1489 1.14 [0.80; 1.62] high risk <5to0>10
>
Huang et al. 2011 3082 40124 5985 68878 0.87 [0.84; 0.91] high risk 57
¢

Random effects model 66213 836976 * 1.05 [0.94; 1.17]
Heterogeneity: 12 = 89%, t2=0.0170, p < 0.01 f I f f !

0.2 05 1 2 5

Reduce risk of cancer

Increase risk of cancer

Fig. 3. Odds ratio for angiotensin-receptor blockers and frequency of new cancer cases in randomised controlled trials and observational studies.

Odds Ratio OR 95% ClI QA

Treatment Control
Source Year Events Total Events Total
Val-HEFT 2001 30 2511 30 2499
TRANSCEND 2008 66 2954 67 2972
|-Preserve 2010 52 2067 52 2061
Random effects model 7532 7532

Heterogeneity: 1% = 0%, 12 =0, p = 1.00

Reduce risk of cancer

1.00 [0.60; 1.66] high risk
0.99 [0.70; 1.40] low risk
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0.99 [0.79; 1.25]

Fig. 4. Odds ratio for angiotensin-receptor blockers and tumour-specific mortality in randomised controlled trials.

Results of the meta-analyses are presented as odds ratios (OR) cal-
culated by using a random-effects model (REML method). We used odds
ratios to compare the studies among each other instead of relative risks,
since we included also case-control designs. Nevertheless, we calculated
relative risk estimates, where appropriate (for RCTs and cohort studies),
and compared them with the odds ratio values (relative risk estimates
not shown). No discrepancies between OR and RR results were dis-
covered. As a measure of heterogeneity/consistency I-square (I>) was
used. Reporting bias (e.g. publication bias) was analysed graphically
with the help of a funnel plot. A statistical bias test (e.g. Egger's test) for
each study type was not carried out, as at least 10 studies are necessary
to obtain sufficient power [14]. Subgroup analyses were done for lung-,
breast-, and prostate cancer, respectively. To explain the observed
heterogeneity between the case-control studies (Fig. 3) and also in the
subgroup analyses (Fig. 5), meta-regressions were performed. However,
no significant differences in baseline parameters (proportion of women,
participants with hypertension, smokers and average age) were found
between the studies that could explain the heterogeneity (results not
shown).

Statistical analyses were conducted with the software R, version
3.4.3 (Vienna, Austria) R Core Team [15].

Key targets in this article are hyperlinked to corresponding entries
in http://www.guidetopharmacology.org, the portal for data from the
IUPHAR/BPS Guide to PHARMACOLOGY [16].

3. Results

A total of 10,478 studies were identified fulfilling the primary in-
clusion criteria. After 1660 duplicates had been excluded, 8818 studies
were screened (Fig. 1). Twelve studies met the inclusion criteria: seven
RCTs, four case-control and one cohort study. All studies were pub-
lished between 2001 and 2012. Two of the seven included RCTs were
open-label extension trials [17,18].

A total of 954,187 participants, with mean age 63.7 years, were
included of which 43.8% were women. Patients ranged in age between
18 and 96 years with a mean duration of follow up between 1.9
and > 10 years (Table 1, A2). Complete information about concomitant
medication was not systematically reported in all studies. Participants
were additionally co-medicated with BB, CCB, ACEi or thiazide diure-
tics. In the Val-HEFT trial [19,20] 93% of patients were additionally on
an ACEi (Table A2).

The judged quality of the included trials varied between low (most
RCTs) and very high (one case-control study) bias risk (Table 1, Table
A3, A4). There was no evidence for heterogeneity across randomised
controlled trials measured by I? statistic (< 0.01%, p = .433), but
across case-control studies (I = 64.4%, p = .038) (Fig. 3). Further
subgroup- (Fig. 5) and meta-regression analyses (not shown) could not
explain the observed heterogeneity across the case-control studies.
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Treatment Control
Source Year Events Total Events Total Odds Ratio OR 95% CI QA Studytype
Hallas et al. 2012 199 959 16144 80665 - 1.05 [0.89; 1.22] very high risk Case-control
Chang et al. 2011 34 1375 150 3913 — 0.64 [0.44; 0.93] low risk Case-control
Huang et al. 2011 271 37313 611 63504 . & 0.75 [0.65; 0.87] high risk Cohort
TRANSCEND 2008 35 2753 27 2795 ——a— 1.32 [0.80; 2.19] low risk RCT
PROFESS 2008 37 9727 30 9738 —t 1.24 [0.76; 2.00] low risk RCT
e
Hallas et al. 2012 212 1054 19306 96519 - 1.01 [0.87; 1.17] very high risk Case-control
Chang et al. 2011 14 1355 80 3843 ——— 0.49 [0.28; 0.87] low risk Case-control
Lietal. 2013 124 172 1033 1489 —E— 1.14 [0.80; 1.62] high risk Case-control
Huang et al. 2011 112 37154 230 63123 —a T 0.83 [0.66; 1.04] high risk Cohort
TRANSCEND 2008 20 2738 17 2785 —_— 1.20 [0.63; 2.29] low risk RCT
PROFESS 2008 20 9710 15 9723 — & 1.34 [0.68; 2.61] low risk RCT
<@
Hallas et al. 2012 154 594 9903 49887 . 1.41 [1.17; 1.70] very high risk Case-control
Chang et al. 2011 13 1354 57 3820 —F—1— 0.64 [0.35; 1.17] low risk Case-control
Kemppainen et al. 2011 643 1182 11938 24846 - 1.29 [1.15; 1.45] high risk Case-control
R
Random effects model 107440 416650 0.99 [0.85; 1.16]

Heterogeneity: 12 = 80%, 12 = 0.0574, p < 0.01
0.5

Reduce risk of cancer

l—<P|

1 2
Increase risk of cancer

Fig. 5. Odds ratio for angiotensin-receptor blockers and lung, breast, as well as prostate cancer for all study designs included.

3.1. ARBs and carcinogenicity

No increased cancer risk for patients on ARBs was detected by the
meta-analysis of high evidence randomised controlled trials (OR 1.02,
95% CI 0.87-1.19; p = .803). However, there are discrepancies in the
observational studies (Fig. 3). While the cohort study of Huang suggests
a protective effect of ARBs against cancer development (OR 0.87; 95%
CI 0.84-0.91; p < .001), our meta-analysis of included case-control
studies revealed an elevated risk (OR 1.14, 95% CI 1.01-1.28,
p = .035).

Secondary outcomes were defined as tumour-specific mortality and
frequency of different tumour cases i.e. lung, breast, and prostate
cancer. An overall OR for tumour-specific mortality was exclusively
calculated for RCTs (only three of the included RCTs reported tumour-
specific mortality data) because the respective information was not
given by observational studies. No effect, however, could be observed
(OR 0.99, 95% CI 0.79-1.25, p = .958) (Fig. 4). Furthermore, the ORs
for development of specific tumour types (lung-, breast-, and prostate
cancer) were calculated in subgroup analyses but no significant devia-
tion from OR = 1 could be observed (significance level 0.05). Specifi-
cally for lung cancer, (RR 0.92, 95% CI 0.72-1.19, p = .538) the ana-
lysis showed a slightly decreased risk (Fig. 5).

4. Discussion

Our meta-analysis focusing on high evidence levels and study de-
signs reliably provides an unbiased assessment of the frequency of tu-
mour development. The results refute a relationship between pharma-
cotherapy with ARBs and an increased risk of cancer development in
general, as well as of specific tumour types and -mortality. This corre-
sponds well with the results of other meta-analyses [9,10,21] and
provides further evidence that routine clinical use of ARBs is safe.

Randomised controlled trials are the gold standard for efficacy as-
sessments of pharmacotherapeutics and their safety concerns.
Observational studies are less suitable for this task. In particular,

incorrect selection of controls in case-control designs could introduce
serious bias in effect estimates. In principal, large prospective cohort
studies are well suited for the detection of (rare) adverse events and
could be used for drug safety studies. Nevertheless, there is a high bias
potential through elevated loss-to-follow-up in this study type.
Furthermore, effect estimates must be adjusted for confounding and
effect modifying factors in a specific manner. Otherwise, these effect
estimates could be strongly biased, even in the opposite direction.
According to our quality appraisal, three out of five RCTs included
in the primary analysis (Fig. 3, Table 1) had a low reporting bias risk. In
contrast, all but one case-control study were assessed with a high bias
risk. Altogether, we did not observe any small study effects (e.g. pub-
lication bias) as no sign for overall funnel plot asymmetry was present
(Fig. 2). All case-control studies, however, lay in the uppermost right
corner of Fig. 2. This likely indicated potentially biased publication of
results, since it is feasible that case-control studies with an unincreased
and insignificant cancer risk were not published at all. Additionally, the
only included cohort study by Huang et al. [22] was assessed to have a
high risk of bias, too. The cohort study was designed specifically to
estimate the risk for newly diagnosed cancers arising from the use of
ARBs in the treatment of hypertension. In this study, there was a mis-
match in the medication of both groups, with co-medication (ACEi, BB,
CCB, thiazide diuretics) being significantly higher in the treatment
group compared to the control group (see Table 1 of Huang et al. [22]).
But, the effect analysis has not been adjusted for this. Also, other im-
portant factors influencing cancer risk [23-26] were not assessed in the
analyses. These included genetics, sunlight exposure, tobacco and al-
cohol use, obesity, pharmaceuticals, nutrition, virus infections, hor-
mones, and environmental or occupational exposures to toxins.
Therefore, effect estimates of this study are likely biased and should be
interpreted with caution. The evidence from the four included case-
control studies and the one cohort study must be seen critically in the
light of causal inference for effectiveness and safety trials. RCTs are the
gold choice; case-control studies are not really suited and cohort studies
must be at least adjusted for serious confounders to achieve trustworthy
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The RAS is a hormonal cascade, which controls arterial pressure, tissue perfusion and extracellular volume. Secretion of renin is
activated by under perfusion of the kidney, a decrease of natrium-ions or a sympathetic nerve stimulation. Renin cleaves Ang | from
AGT. Ang | is converted to Ang Il by the ACE. Ang Il plays a significant role in RAS by acting via the AT1R. Ang Il can bind on other AT-
receptor subtypes with different functions on the cardiovascular system as well as cell proliferation and differentiation processes. Ang
Il can also be cleaved to Ang 1-7 by ACE 2. Ang 1-7 acts through the MAS-R and antagonizes most of the Ang |l functions.

AGT = Angictensinogen, Ang | = Angiotensin |, Ang |l = Angiotensin I, Ang Il = Angiotensin Ill, Ang IV = Angictensin IV, Ang 1-7 =
Angiotensin 1-7, ACE = Angiotensin-Converting-Enzyme, ACE 2= Angiotensin —Converting-Enzyme Type 2, AP-A/N = Aminopeptidase A,
Aminopeptidase N, AT1R =Angiotensin-receptor type 1, AT2R = Angictensin-receptor type 2, AT3R = Angiotensin-receptor type 3,
AT4R = Angiotensin-receptor type 4, RI= Renin inhibitors, BB = Beta-Blockers, ARB = Angiotensin-receptor blockers, ACEl = angictensin-

converting-enzyme inhibitors

Fig. 6. The renin-angiotensin system (RAS).

estimates.

In vitro, ARBs have been shown to exert anti-proliferative effects on
breast cancer cells [27], to trigger cell death in pancreatic cancer cells
[28], and to restrain tumour growth in colon cancer liver metastases
[29]. Furthermore, studies in preclinical animal models revealed sup-
pressive effects on various tumour types [3]. The studies by Chang et al.
[30] and Huang et al. [22] particularly showed a decreased OR for lung
and breast cancer development in patients on ARB therapy (Fig. 5).
Longer exposure to ARBs resulted in even greater benefit. Blocking the
Angiotensin AT;-Receptor (AT1R) with an ARB resulted in accumulated
systemic angiotensin II levels which could not bind to the blocked
ATIR. Therefore, the observed positive effects could have possibly been
explained via mediation of beneficial pleiotropic effects by binding to
the unopposed AT,-Receptor (AT2R) and Ang(1-7) Mas-Receptors
(MasR) [31,32] (Fig. 6). Whereas Ang- (1-7) acts via the MasR and

inhibits proliferation, angiogenesis as well as migration [32], AT2R
stimulation antagonizes the actions of the ATIR thereby promoting
apoptosis and antiangiogenic effects hindering tumour growth [33].
Preclinical studies have provided compelling evidence that the AngIl/
ATIR axis is involved in the regulation of almost all hallmarks of cancer
[34,35].

In summary, our meta-analysis supports the safety of ARB-therapy
for cardiovascular indications. Based on the preliminary laboratory
work and theoretical assumptions, we suggest that inhibiting the RAS
with an ARB might even be a beneficial pharmacotherapeutic strategy
to enhance anti-tumour treatment in oncology.

Although in general no effects of ARBs on carcinogenesis and cancer
mortality have been demonstrated, certain ARBs could nevertheless
increase the risk of certain forms of cancer. The analysis of specific
tumour types revealed an indication of an increased risk of lung or
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Source, year Study type  Intervention Control Patients Cancer outcome  Reason of exclusion
n
ALPINE, 2003 [46] RCT Candesartan HCTZ 393 No Exposition vs. control
CHARM, 2003 [47] RCT Candesartan Placebo 1831 No History of cancer
E-COST, 2005 [48] RCT Candesartan Conventional 2048 No Unpublished data
GISSI-AF, 2009 [49] RCT Valsartan Placebo 1442 No History of cancer
HIJ-CREATE, 2009 [50] RCT Candesartan Non-ARB 2049 No Unpublished data
IDNT, 2003 [51] RCT Irbesartan Amlodipine, Placebo 1715 No Unpublished data
IRMA 2, 2001 [52] RCT Irbesartan Placebo 608 No Unpublished data
JIKEIL, 2007 [53] RCT Valsartan Conventional 3081 No Control group
Kyoto Heart, 2009 [54] RCT Valsartan Conventional 3031 No Exposition vs. control
LIFE, 2002 [55] RCT Losartan Atenolol 9193 No Exposition vs. control
ONTARGET, 2008 [56] RCT Telmisartan Ramipril, Telmisartan + Ramipril 25,620 Yes Exposition vs. control
OPTIMAAL, 2002 [57] RCT Losartan Captopril 5477 No Exposition vs. control
RENAAL, 2001 [58] RCT ARB Placebo 1513 No Unpublished data
ROAD, 2007 [59] RCT Losartan Benazepril 360 No Exposition vs. control
Suzuki et al., 2008 [60] RCT ARB Control 366 No Control group
VALIANT, 2003 [61] RCT Valsartan Captopril, Captopril + Valsartan 14,626 No Exposition vs. control
VALUE, 2004 [62] RCT Valsartan Amlodipine 15,245 No Unpublished data®
Makar et al., 2014 [63] CC ARB, ACEi - 31,086 Incidence Exposition
Engineer et al., 2013 [64] Cohort ARB, ACEi, BB No use 262 Survival Cancer at baseline
Cardwell et al., 2014 [65] Cohort ARB, ACEi - 16,920 Survival Cancer at baseline
Rao et al., 2013 [66] Cohort ARB No use 1,228,960 Incidence Control group
Rao et al., 2013 [67] Cohort ARB No use 543,824 Incidence Control group
Koomen et al.,2009 [68] CC ARB, ACEi - 6520 Incidence Patients < 100/arm
Bhaskharan et al., 2012 [69] Cohort ARB ACEi 377,649 Incidence Exposition vs. control
Fryzek et al., 2005 [70] Cohort ARB, ACEi Any antihypertensive use 113,298 Incidence Exposition vs. control
Fryzek et al., 2006 [71] Cohort ARB, ACEi Any antihypertensive use 19,284 Incidence Exposition vs. control
Chin et al., 2011 [72] Cohort ARB, ACEi No use 3288 Incidence History of cancer
Wang et al., 2013 [73] Cohort ARB Non ARB 85,842 Incidence Control group
Azoulay et al., 2012 [74] Cohort ARB Any antihypertensive use 410,167 Incidence History of cancer
Pasternak et al., 2011 [75] CC ARB ACEi 317,158 Incidence Exposition vs. control
van der Knaap et al., 2008 [76] Cohort ARB, ACEi - 4710 Incidence Exposition
Chang et al., 2016 [77] CC ARB, ACEi, BB, diuretics, CCB No use 46,985 Incidence Exposition
Yang et al., 2010 [78] Cohort ARB, ACEi No use 4750 Incidence Exposition
Houben et al., 2006 [79] CcC ARB, ACEi, BB, diuretics Any antihypertensive use 1414 Incidence Exposition
Assimes et al., 2008 [80] CC ARB, ACEi, CCB, HCTZ Any antihypertensive use 128,667 Incidence Exposition vs. control

Presentation of included studies by other meta-analyses which were excluded in this meta-analysis. CC = case-control studies, HTCZ = thiazide diuretic
Reason for exclusion: control group — there hasn't been any classification of medication in control groups, exposition vs. control - both groups took RAS-influencing
medication, unpublished data — no tumour data could be officially found, exposition — no classification of medication

@ Julius et al. [81] directly addressed a letter to Sipahi et al. [5], which presented results regarding tumour incidences. But also, they clearly formulated, that these
data are not official and that there exists “a policy of providing data access only to its own investigators or to those with whom a formal joint project has been
negotiated.” On this basis of policy, we decided not to include the results of the VALUE-Trial.

breast cancer in RCT studies using telmisartan in the intervention
group. However, these studies showed insignificant results, maybe to
due low study sample sizes, which could nevertheless be clinically re-
levant. Therefore, tumour- and medication-specific, large RCTs are
needed to clarify the situation.

4.1. Strengths

Firstly, in contrast to other investigations, we included studies with
different study designs. Whereas large cohort studies may be better
suited for analysing carcinogenicity in the general population, rando-
mised controlled studies were additionally included because they pro-
vide the highest evidence level and in principle the possibility of de-
ciphering causal relationships. Secondly, due to very strict in- and
exclusion criteria compared to other meta-analyses, we excluded many
studies, which other meta-analyses had included, to gain a higher re-
liability of our results. For example, Bangalore et al. [10] undertook a
network meta-analysis for randomised controlled trials of anti-
hypertensive therapy (ARBs, ACEi, BB, CCB, thiazide diuretics) in-
vestigating the risk of cancer. They identified 70 trials, of which in only
23 studies patients were exposed to ARBs. Of these 23 included studies,
we identified only five trials as suitable for our meta-analysis. We ex-
cluded trials due to certain medication in the control group or due to
unpublished data as well as history of cancer in baseline characteristics
(for more information see Table 2). Similarly, Shen and colleagues [11]

evaluated the impact of RAS-blockade with ARBs/ACEi on the risk of
cancer with randomised controlled and observational studies between
1960 and 2015. They included 31 studies (17 observational and 14
RCTs) comprising a total of 3,957,725 participants. We decided to ex-
clude most of their included trials due to medical intervention in the
control groups or cancer history at baseline (Table 2).

In our meta-analysis, most (6 out of 7) included RCTs were not
designed to specifically analyse cancer outcomes, therefore avoiding
selection bias of participants with regard to cancer predispositions or
risk factors, which strengthens our results.

4.2. Limitations

We cannot completely exclude publication bias with respect to the
file-drawer problem [36]. Authors were not contacted for missing in-
formation and we based the quality appraisal solely on officially re-
ported data. We aimed to examine only available study data. Case-
control studies showed a high heterogeneity, which could not be ex-
plained by meta-regression analyses regarding the proportion of
women, patients with arterial hypertension, smokers or the average
age. There could also have been a potential risk for recall bias in ob-
servational studies, because information about drug use, dosages or
disease histories was collected in hindsight by questionnaires or inter-
views. Data on exact dosages or duration of intake was inconsistently
reported. Finally, we tightened our exclusion criteria during the
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screening process to include only studies with a high level of evidence.
Overall, our study basis for answering safety questions on ARB de-
ployment was therefore somewhat limited. More high quality, tumour-
and medication-specific, large RCTs would be necessary to fully clarify
the situation.

4.3. Conclusions

The available study evidence actually only contains very few studies
originally designed to investigate a potential influence of ARB-therapy
on carcinogenesis and tumour-specific mortality. The results of our
meta-analysis, focusing only on high levels of evidence and study de-
signs reliably providing an unbiased assessment of frequency of new
cancer cases, support the safety of ARB-therapy for cardiovascular in-
dications and suggest that inhibiting the RAS with an ARB might rather
be a beneficial pharmacotherapeutic strategy to enhance anti-tumour
treatment in oncology.
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