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Abstract

Purpose The blockade of the renin—angiotensin—aldosterone system (RAAS) by angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin receptor blockers (ARBs) is one of the most common treatments for hypertension, heart failure and
renal diseases. However, concerns have been raised about a possible link between RAAS-blockers and an increased risk of
cancer, particularly of lung cancer. This narrative review aims to give a critical appraisal of current evidence and to help
physicians understand potential links between RAAS blockade and de novo lung cancer development.

Methods Numerous pharmaco-epidemiologic studies, mostly retrospective cohort analyses, evaluated the association of
RAAS blockade with lung cancer incidence and reported inconsistent findings. Meta-analyses could not further clarify a
possible link between RAAS blockade and the risk of lung cancer.

Results International regulatory agencies (FDA, EMA) have concluded that the use of RAAS blockers is not associated with
an increased risk of developing lung cancer. Co-administration of RAAS blockers to systemic therapy of advanced non-small
cell lung cancer seems to have positive effects on the outcome.

Conclusion Until more comprehensive analyses have been completed, there is no need to change clinical practise. Additional
prospective randomized trials with long-term follow-up are needed to investigate the effects of these drugs on the develop-
ment and progression of lung cancer.

Keywords Renin—angiotensin—aldosterone system - Angiotensin enzyme inhibitors - Angiotensin receptor blockers - Non-
small cell lung cancer

Introduction The significant benefits and risks of drugs blocking the

RAAS have been documented in numerous randomized tri-

The blockade of the renin—angiotensin—aldosterone system
(RAAS) has immensely improved the treatment of patients
with chronic arterial hypertension, acute myocardial infarc-
tion, chronic systolic heart failure, stroke, diabetic nephropa-
thy and other chronic kidney diseases. Angiotensin-convert-
ing enzyme inhibitors (ACEIs) and angiotensin II receptor
type 1 antagonists (ARBs) represent the two most widely
used RAAS blockers in clinical practice. They share similar
indications and contraindications but differ in the way they
affect the RAAS.
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als involving thousands of patients. The other side of the
coin, however, is the concern about a possible link of the
RAAS blockade and the incidence, progression and mortal-
ity of solid malignancies, particularly of lung cancer (George
et al. 2010). However, well published pharmaco-epidemio-
logical studies reported confusing results and found either an
increased risk, or decreased occurrence, or no association of
ACEIs or ARBs with cancer or lung cancer (Cronin-Fenton
2018).

The uncertainty regarding the safety of ACEIs or ARBs
may put patients at an increased risk of cancer. A potential
causative association between RAAS blockade and cancer
could ban the use of these effective and well-tolerated thera-
peutic agents in millions of people worldwide.

The primary purpose of this narrative review is to analyse
the published literature, to discuss a potential causative asso-
ciation of RAAS blockade and risk of lung cancer, and to
determine whether this conceivable adverse effect mandates
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changes in current clinical practice. Second, we review the
potential clinical effects of the RAAS blockade on the pro-
gression of advanced lung cancer in patients receiving sys-
temic therapy.

Biological links between the RAAS and lung
cancer

Experimental studies provide a scientific foundation for the
role of the RAAS and its blockade in the regulation of cell
proliferation, tissue invasion and migration, angiogenesis
and tumour progression (Ishikane and Takahashi-Yanaga
2018). There is a plethora of experimental data implicating

the RAAS system in signal transduction, DNA repair and
angiogenesis (Fig. 1).

Angiotensinogen gene expression is upregulated in
tumor samples compared to normal lung tissues. It plays a
role in the repair of smoking-induced bulky DNA adducts
(Goldstein et al. 2017; Sedgwick 2004). The protease
renin catalyses the cleavage of angiotensinogen to angio-
tensin I. Its precursor protein prorenin mediates intracel-
lular processes in tumour cells by activating the WNT/
beta-catenin-pathway, which is deregulated in many solid
cancers (Zhan et al. 2017). Angiotensin I is subsequently
cleaved by angiotensin I converting enzyme (ACE) to
angiotensin II. The exact mechanisms of angiotensin II-
mediated carcinogenesis are unknown. Angiotensin II
acts via two distinct transmembrane receptors: ATIR and
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Fig. 1 Simplified scheme of the RAAS cascade and signal trans-
duction pathways in carcinogenesis. ACEI angiotensin converting
enzyme inhibitor, ACE angiotensin converting enzyme, ACE2 angi-
otensin converting enzyme-2, ARBs angiotensin receptor blockers,
ATIR angiotensin-II-receptor type 1, AT2R angiotensin-II-receptor
type 2, MasR Mas receptor, EGFR epidermal growth factor recep-
tor, NADPH-Ox nicotinamide adenine dinucleotide phosphate oxi-
dase, ROS reactive oxygen species, TGF-beta transforming growth
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factor beta, PI3K phosphoinositide 3-kinase, MAPK/ERK mitogen-
activated protein kinase/extracellular signal-regulated kinase, JAK
Janus kinase, STAT signal transducer and activator of transcription,
PKC protein kinase C, RAS rat sarcoma protein, PLZF promyelocytic
leukemia zink finger protein, ATBP AT2R binding protein, SHP-1 Src
homology region 2 domain-containing phosphatase-1, PLA-2 phos-
pholipase 2, NOS nitric oxide synthase
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AT2R. Particularly ATIR is implicated in lung cancer
carcinogenesis. The production of endothelial adhesion
molecules [E-selectin, P-selectin, intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule 1
(VCAM-1)] is upregulated by activation of AT1R (Alva-
rez et al. 2004). Furthermore, the epidermal growth-factor
receptor (EGFR) is transactivated by AT1R (Greco et al.
2003). Several molecules which are linked to inflammatory
processes are induced by AT1R (Suzuki et al. 2003; Tsu-
tamoto et al. 2000). Furthermore, angiotensin II increases
the cancer stem cell-like phenotype in human non-small
cell lung cancer cell lines, which has been shown to pro-
mote cancer progression, metastasis and chemotherapeutic
resistance (Tawinwung et al. 2015).

Levels of vascular endothelial growth factor (VEGF)
are increased by both, AT1R and AT2R. Angiogenesis is
an essential process for the survival and growth of solid
neoplasms and can be successfully targeted in many solid
cancers. Arrieta et al. showed an association of poor prog-
nosis and high ATIR expression in astrocytoma—a tumor
type with intense vascular proliferation (Arrieta et al. 2008).
ATIR overexpression and increased microvessel density
were also shown in bladder cancer (Shirotake et al. 2011).
In an ATIR deficient mice model tumor growth was sig-
nificantly inhibited compared to mice with wildtype ATIR
(Egami et al. 2003). While AT1R promotes carcinogenesis,
the role of AT2R is less clear. Adenoviral mediated over-
expression of AT2R on bladder cancer cells and xenograft
tumor models of bladder cancer significantly reduced xeno-
graft growth and tumor angiogenesis (Pei et al. 2017). This
data indicate that the activation of both receptor types may
have different effects on tumor growth.

Increased ACE concentrations are well-established bio-
markers in a series of diseases affecting the lungs. In lung
tumour tissues, however, ACE concentrations were found to
be reduced (Danilov et al. 2019). The lowest serum ACE lev-
els correlated with poor prognosis and higher relapse rates
as well as with metastatic disease (Romer 1981). One expla-
nation is that pulmonary vascular endothelium is the main
metabolic site for angiotensin I-converting enzyme (ACE)-
mediated protein degradation and the primary source for
circulating ACE. The decrease in serum ACE levels might
reflect an increased tumor burden as malignant cells destroy
these pulmonary epithelial cells. Accordingly, plasma ACE
levels may have a role as prognostic biomarkers in lung can-
cer (Varela and Bosco Lopez Saez 1993). ACE2 has recently
gained attention in the COVID-19 pandemic (Vadugana-
than et al. 2020). It has been reported that overexpression
of angiotensin II-converting enzyme (ACE2) inhibits lung
cancer proliferation and angiogenesis (Feng et al. 2011). It is
noteworthy that polymorphisms in the ACE gene are signifi-
cantly different between Asian and Caucasian populations
(Lietal. 2012).

ARBs lead to the decreased activation of AT1R only,
while ACEIs inhibit the formation of angiotensin II and lead
to a decreased activation of both receptors. ACEIs may lead
to an accumulation of bradykinin and substance P in the
lung, which have been associated with tumour proliferation
and angiogenesis (Hicks et al. 2018).

RAAS blockade and risk of lung cancer
Meta-analyses

Sipahi et al. observed a modestly increased risk of can-
cer associated with the use of ARBs (7.2% versus 6.0% in
controls; p=0.016) (Sipahi et al. 2010). The authors used
aggregate data of five randomized controlled trials (RCTs).
Most patients (85.7%) received telmisartan as the study
drug. The analysis of solid organ cancers (breast, prostate,
lung) revealed a significantly higher occurrence of new
lung cancer in patients receiving ARBs (0.9% vs 0.7% in
controls; RR=1.25; p=0.01), but there was no difference
in death from cancer. There are limitations specific to the
meta-analysis performed by Sipahi et al., which should be
considered when interpreting these results. The duration of
follow-up in the trials included in this meta-analysis ranged
from 1.9 to 4.8 years. Because cancer is relatively rare in any
time period of less than 5 years, it has been argued that the
duration of these RCTs was too short to draw any meaning-
ful conclusions about the development of new cancers. In
addition, the occurrence of cancer is a relatively rare adverse
event (AE), and rare AEs are often not statistically analysed
in RCTs because of the small sample size. This problem
persists even when data are pooled. It is also important to
note that the results of this meta-analysis are based on post-
hoc analyses, and the primary trials were not designed to
draw conclusions about a possible class effect for all ARBs
because the overwhelming majority of patients received tel-
misartan. As noted by the authors, publication bias was also
a significant limiting factor in this meta-analysis. Specifi-
cally, many large trials did not collect or provide data on
cancer incidence to the authors of this meta-analysis. Data
on cancer incidence and/or cancer death were only available
from 9 out of 60 trials identified as meeting the inclusion
criteria for this meta-analysis.

The results of subsequent meta-analyses refuted the
results of the Sipahi analysis. The meta-analysis reported
by Bangalore et al. identified 70 randomized controlled tri-
als with 324,168 participants (Bangalore et al. 2011). The
authors recorded no difference in the risk of cancer with
ARBs, ACEIs or other common antihypertensive drugs
versus placebo. No differences were detected in cancer-
related mortality for ARBs or ACEIs or other antihyper-
tensive drugs, and the combination of ACEIs plus ARBs.
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In addition, results did not differ for telmisartan compared
with other ARBs.

The ARB Trialists Collaboration assessed the effects
of individual ARBs (candesartan, irbesartan, telmisar-
tan, valsartan, and losartan) for incident cancers in 15
multicenter double-blind RCTs of these agents involv-
ing 138,769 participants with a high cardiovascular dis-
ease risk (Collaboration 2011). In this analysis, the RCTs
included were required to have an average follow-up of at
least 12 months. The authors state that there was no excess
overall or site-specific cancer incidence (lung, breast, and
prostate) with ARB therapy compared to controls. This
analysis also examined the cancer risk of ARB/ACEI
combination therapy vs ACEI, ARBs versus ACEIs, and
ARBs vs placebo/controls. No increased risk of cancer was
observed in any of these overall comparisons. A small Chi-
nese meta-analysis included 8 trials and found a reduced
risk for lung cancer in ARB users compared to non-ARB
users (Zhang et al. 2015).

Bangalore’s and the ARB Trialists’ meta-analyses were
more robust than the Sipahi meta-analysis because they
included more trials and performed multiple comparison
analyses. Nevertheless, information on cancer rates in indi-
vidual RCTs was incomplete. Bangalore et al. acknowl-
edged several limitations including the possibility that the
survival benefit associated with antihypertensive pharma-
cotherapy compared with placebo may have introduced a
survival bias which increased the incidence of cancer in
active treatment groups. It is true for all meta-analyses
that some confounding variables are nearly impossible
to measure, such as exposure to radiation or carcinogens.
Furthermore, none of these meta-analyses took the inci-
dence of a specific cancer in the general population into
consideration. Another limitation of meta-analyses is the
selection criteria used to include trials, as the selection of
trials may influence the findings (i.e. certain trials when
put together could increase, decrease, or have no effect on
cancer risk). As mentioned before, results are limited by
the short-term nature of most trials and the short duration
of exposure to the drugs in question to truly determine
cancer risk.

Recently, Datzmann et al. conducted a systematic
review and a meta-analysis with 12 publications with
available study data on ARBs and carcinogenicity as pri-
mary outcome (Datzmann et al. 2019). The authors identi-
fied seven RCTs, four case—control studies and one cohort
study focusing only on high evidence levels. Their conclu-
sions were that there is no relationship between the use of
ARBs and an increased risk of lung cancer.

In conclusion, the meta-analyses could not convincingly
show or disprove an effect of the use of ARBs or ACEIs
on the incidence of lung cancer.

@ Springer

Population-based studies

Population-based studies have evaluated the association
between drugs blocking the RAAS and cancer. The reported
data show inconsistent effects (Table 1).

After the introduction of ACE inhibitors in Scotland in
1980 a first cohort study was reported by Lever et al. indicat-
ing a risk reduction of the incident (RR 0.72) and fatal (RR
0.65) cancer among 1559 patients receiving ACEIs (Lever
et al. 1998).

In subsequent studies, there was a reduced lung cancer
risk of ARBs and/or ACEIs in some cohorts(Bhaskaran et al.
2012; Chiang et al. 2014; Huang et al. 2011; Rao et al. 2013)
and no effect of ARBs and/or ACEISs in others, (Friis et al.
2001; Gokhale et al. 2016; Pasternak et al. 2011; Tascilar
et al. 2016). Azoulay et al. observed an increased risk for
ACETIs but not for ARBs (Azoulay et al. 2012) and Chiang
noted mixed results for individual ARBs (Chang et al. 2011).

The two most recently published studies showed an
increased risk of lung cancer. In Caucasian patients from
a large UK based cohort there was an association between
ACEI use and lung cancer with an overall 14% increased risk
of lung cancer, evident after 5 years of use and increasing
with longer duration of at least 10 years (Hicks et al. 2018).

The most recent study from Taiwan combined data from
the National Health Insurance Research Database (NHIRD)
and the Taiwan Air Quality Monitoring Database (TAQMD)
to determine lung cancer risk in Asian ACEI users in com-
parison to a propensity score-matched group of ARB users.
They found a significantly higher risk of lung cancer in
the ACEI cohort than in the ARB cohort (HR 1.36; 95%
CI 1.11-1.67) and also a dose—response relationship with
a higher lung cancer rate in patients with more intensive
treatment as compared to those with little or no exposure
to ACEIs.

Critical appraisal

The pharmaco-epidemiological cohort studies examining
the risk of cancer, particularly of lung cancer associated
with drugs blocking the RAAS have produced a data jun-
gle. This may be attributable to the fact that even the most
well designed and carefully conducted observational studies
have limitations and are prone to residual confounding and
bias. Observational studies can only show associations, but
do not prove an actual cause and effect relationship and cau-
tion should be used when data from non-randomized cohort
studies are evaluated.

Another scientific approach is the analysis of big data
from a real-world setting rather than a study setting. Big
health care databases can be used for nationwide studies
including large numbers of subjects. However, big data have
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Table 1 (continued)

&

RAAS blocker Effect

Inclusion criteria

Time period
Follow-up

Number of patients

Population

References

Springer

ARBSs, lung cancer No effect

New ARB/ACEI users

2007-2012 median

108,116 ARB
342,611 ACEI

20% sample of the Medi-

Gokhale et al. (2016)

No effect
No effect

ACETISs, lung cancer

follow-up 0.7 years

care claims

New ARB users Telmisartan compared

2000-2008

60,109

UK Clinical Practice

Tascilar et al. (2016)

to other ARBS, lung
cancer, all cancers

ACEI vs ARB

mean follow-up 3.9 (SD

2.2) years

Research Datalink

Increased risk

New antihypertensive

1995-2015 mean follow-
up 6.4 (SD 4.7) years

992,061

United Kingdom Clini-

Hicks et al. (2018)

Increasing risk with longer

Cumulative duration of

drug users

335,135 ACEI
29,008 ARB

cal Practice Research

Datalink

duration (<£5; 5-10;> 10

Years)

ACEI use

101,637 both ACEIs and

ARBs

National Health Insurance 22,384 ACEI

Increased risk

ACEIs vs ARBs, lung

New ARB/ACEI users
No known history of

2000-2012

Lin et al. (2020)

cancer

mean follow-up:

22,384 ARB

Research Database

cancer

6.33+3.52 years ARB
6.12+3.47 years ACEI

(NHIRD) and Taiwan

Air Quality Monitoring
Database (TAQMD)

ACEI ACE inhibitors, ARB angiotensin receptor blockers, SD standard deviation

their own drawbacks such as unreliable and incomplete data
sets. A common technique used to analyse big data is to
link one variable (ARB use or ACEI use) to another vari-
able (cancer). However, these associations may not always
stand for substantial or meaningful findings. Lung cancer is
a multifactorial disorder. Its development may be favoured
by numerous factors. Major causes are primarily smoking
and exposure to air pollution, occupational carcinogens and
genetic disposition. Obesity, alcohol consumption, age and
gender may also increase cancer risk. Amazingly, all cohort
studies included smokers and ex-smokers, but information
on the onset of smoking, pack years or quitting smoking
is dubious or lacking. Only the most recent study reported
environmental exposure but none of the analyses included
exposure to radiation, chemicals or other carcinogens (Lin
et al. 2020).

A further weakness is a fact that most studies were
designed to assess the overall risk of cancer and not of
lung cancer specifically, resulting in small cohorts. Several
studies had methodological shortcomings, including short
duration of follow up, failure to account for clinically inap-
parent cancer, and the inclusion of prevalent users of drugs
affecting the RAAS. Another factor that confounds the inter-
pretation of the presented data is the lack of standardized
screening for lung cancer. A surveillance bias may be found
in patients receiving ACEIs compared to ARBs or other anti-
hypertensive drugs. ACEI users are more likely to develop
cough and to have more opportunities for a diagnostic work-
up by their physician. In the discussion of the Asian data the
frequency of cough of >50% in Chinese patients taking ACE
inhibitors, leading to a higher rate of tumor detection, should
be kept in mind (Huang et al. 2011).

Even the study by Hicks et al., using rigorous analytical
approaches had serious limitations. There were more obese
patients (32.3 vs 19.9%), more people with alcohol prob-
lems (8.7% vs 6.8%) and less never-smokers (47.9% vs 49%)
in the patient group receiving ACEIs than in the control
group. In addition, the ACEI group was older (57.8 years
vs 54.9 years) and more participants were male (57.8 vs
54.9 years). Moreover, socioeconomic differences (not ana-
lysed) might have influenced prescribing patterns and lung
cancer risk over a long time period in the UK national health
care setting or other health care systems. Other limitations of
this investigation or other studies are the lack of information
of the drug dosage or non-adherence to the prescribed drugs,
both might bias the risk of lung cancer.

Current evidence is inadequate to establish a causal rela-
tionship between RAAS blocker use and development of
cancer, particularly of lung cancer. The number, size and
quality of randomized trials are too low to provide con-
clusive evidence. The situation has not been helped by the
seemingly contradictory findings of the studies analysed in
this review. Overestimation of quantitatively small effects
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= observed by low-quality pharmacoepidemiologic studies led
% o _ to much of the unnecessary controversy. The association of
A 9 — — . . . .
S 5 5 2 ® RAAS blocker use and increased lung cancer risk is unlikely
2Q £ 1 g monocausal.
<& BT s
ne § < .
Q7 & DN Statement of regulatory agencies
SEoE ~ (§
~ 5 pa %‘) i) ~
S E c”5 o = S The surveillance of drug safety is of paramount importance
&~ . . .
g NI 2 g g and was closely monitored in all drug trials. The data from
clinical studies regarding efficacy and safety are carefully
= = reviewed by international regulatory agencies. The rigorous
2y < § analysis performed by the Food and Drug Administration
ﬁ ) £ £ and the European Medicines Agency has indicated no signal
AU ; = of harm associated with ARB or ACEI therapy in patients
§ < g \,l\fT 5 ;I\Dl with incident cancers.
558 1=z =
2 |z3ES EZ =
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Sléed 2= =< RAAS blockade and clinical outcome of lung

Table 2 (continued)

&

2016-2018 Patients using anti-hyperten-

Time period Inclusion criteria

Number of patients
678 Chinese patients

ACEI n

Retrospective cohort

Design

Wei et al. (2019)

References

Springer

sive drugs at least six months 38 ACEI/ARB (32.5%) vs 79
before the first diagnosis of

lung cancer

97, ARB n=117

=461

non-ACEI/ARB n

ACEI ACE inhibitors, ARB angiotensin receptor blockers, CP carboplatin and paclitaxel, CPB carboplatin and paclitaxel and bevacizumab, TKI tyrosine kinase inhibitor, OS overall survival,

PFS progression free survival, HR hazard ratio, CI confidence interval

cancer patients

Numerous clinical studies have revealed that RAAS blockers
may have beneficial effects on a broad range of malignan-
cies. The gain in overall survival varies with tumour type
and stage, but the response to RAAS blockade may also
depend on certain tumour characteristics, cancer treatment,
the class of RAAS blocker used and its dosage. Non-small
cell lung cancer (NSCLC) seems to belong to the responsive
tumor type (Pinter and Jain 2017).

In patients with advanced NSCLC treated with chemo-
therapy, tyrosine kinase inhibitors or immunotherapy, there
was no observation in any of the retrospective studies that
RAAS-blockers may have a detrimental effect (Table 2)
(Aydiner et al. 2015; Menter et al. 2017; Miao et al. 2016;
Wang et al. 2017; Wei et al. 2019; Wilop et al. 2009). On
the contrary, clinical evidence from these retrospective trials
indicates that RAAS blockers may have beneficial effects
such as improved survival, particularly in late stages of lung
cancer.

Critical appraisal

Currently, there is no large randomized controlled trial
addressing potential effects of ACEIs or ARBs on the sur-
vival of lung cancer patients undergoing systemic treatment.
There are few retrospective studies with a small number of
subjects included and a large variation in treatments received
demonstrating mostly a positive effect of RAAS blockade.
None showed a negative effect (Table 2). This is in con-
gruence with data from experimental studies suggesting an
influence of the RAAS blockade on cellular signalling, angi-
ogenesis and tumour growth (Pinter and Jain 2017). How-
ever, the generalizability of the data presented is dubious.
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There are pharmacogenomic and tumour genetic differences
in Chinese and Caucasian patients which need to be consid-
ered when evaluating response to anticancer agents.

Whether or not a patient with lung cancer died from lung
cancer or from cardiovascular events remains uncertain. The
effects observed may be due in part to the prevention of car-
diovascular events by ACEIs and ARBs. At present, with the
limited data available, these findings should be considered
as hypothesis-generating.

Conclusions

There is a vast number of analyses addressing the question
whether the use of ARBs or ACEIs is associated with a
higher incidence of lung cancer. The plethora of data pro-
vided no clear signal. Until more comprehensive analyses
have been completed, available data do not warrant any
change in current clinical recommendations of practice
regarding the use of RAAS blockers.

It is interesting to note that patients with lung cancer
undergoing treatment may benefit from ARBs or ACEIs.
This is in accordance with basic science, demonstrating a
role of the RAAS in tumour growth.

Further prospective studies (RCTs) with long-term fol-
low up and a defined screening strategy for lung cancer are
needed in patients with low risk of lung cancer to enhance
the scientific evidence of the long-term safety of these drugs.
RCTs should try to elucidate a possible role of RAAS block-
ade during systemic cancer treatment.
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