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Abstract. Our previous review of the literature assessed the
existing knowledge (until 2000) about the possible link between
angiotensin-converting enzyme inhibitors (ACEIs) and factors
influencing the development of malignancies. We reviewed the
literature for reports of statistical associations (or lack thereof)
between ACEi treatment and incidence of specific cancers (e.g.
breast, gastrointestinal, and skin). We concluded then that
results from the epidemiological studies are conflicting, even
taking the different methodology and endpoints into
consideration, and thus inconclusive. Further investigation is
needed beyond the observation period of most of these studies,
and additional experimental studies are needed also to study
the mechanisms by which agents blocking the renin–angiotensin
system may obtain their inhibitory effect on tumor growth and
metastasis. The present review elaborates further with more
recent evidence from numerous human clinical studies from the
past two decades (including large epidemiological studies, and
long-term prospective and retrospective studies) on a protective
association between ACEi treatment and the prognosis of
patients with specific cancer types, malignancy characteristics
or stage. Moreover, treatment with ACEI/angiotensin receptor
blockers represents an adjuvant therapy with synergistic effects
to chemotherapy and may improve patient outcomes (i.e.
progression-free survival, and prolonged overall survival) in
different types of cancers.
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The renin–angiotensin system (RAS) is a hormonal system in
which active peptide angiotensin II (Ang II) signaling
increases cell proliferation and stimulates neovascularization.
A growing body of evidence suggests that angiotensin II
signaling promotes vascular endothelial growth factor
(VEGF)-mediated angiogenesis in malignancy by directly
affecting tumor and stromal cells and by indirectly modulating
the growth of vascular cells during angiogenesis (1).
Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) are two widely used
types of hypertension medications. Since the main
mechanism of ACEIs and ARBs is to act as antagonists of
the RAS, they inhibit its effect on angiogenesis and thus
diminish the growth of induced cancer and may reduce the
risk of cancer over time. However, there are additional
potential mechanisms mediated via the internalization and
endonuclear localization of the ACE that can be affected by
these drugs in various cell types, which may be relevant to
certain aspects of carcinogenesis (2). In both patients and
animal models ACEIs reportedly not only suppressed tumor
growth, but also attenuated the process of carcinogenesis in
which angiogenesis is involved (3).
The first such hypothesis-generating findings presented by
Lever et al. in retrospective analysis of 5,207 hypertensive
patients showed long-term treatment (>3 years) with ACEI
resulted in reduced relative risk of incidence of breast and
lung cancer (4).
Our previous review of the literature assessed the existing
knowledge (until 2000) about the possible link between ACEIs
and factors influencing the development of malignancies (5).
The present review elaborates further with more recent
evidence from numerous human clinical studies from the past
two decades (including large epidemiological studies, and longterm prospective and retrospective studies) on a protective
association between ACEi treatment the prognosis of patients
with specific cancer types, malignancy characteristics or stage.
Moreover, treatment with ACEI/ARB represents an adjuvant
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therapy with synergistic effects to chemotherapy and may
improve patient outcomes (i.e. progression-free survival, and
prolonged overall survival) in different types of cancer.

Blockade of RAS in Experimental Animal Models

The effects of angiotensin II blockade with either ACEI or
ARB alone, and in combination were investigated in a
murine model of renal cell carcinoma (RCC) (6). Notably,
human patients are never treated with a combination of ACE
and ARB together. The results of this animal experiment
showed treatment significantly reduced tumor growth and the
number of lung metastases in treated mice when compared
with controls (no treatment). In contrast, treatment with ARB
or ACEI alone resulted in significantly smaller tumors as
compared to those treated with double blockade, thus
suggesting that in this experimental animal model, blockade
of RAS reduces RCC proliferation and metastatic capacity
(6). Similar results were found in another experimental
animal model of RCC. In uni-nephrectomized rats, the
histopathology of carcinogenesis in remnant kidneys was
manifested by atypical proliferation and carcinoma in situ;
compared to the controls, in the treatment group of uninephrectomized rats, ACEI, and ARB significantly prevented
renal carcinogenesis (7).

Clinical Observations

The effect of RAS inhibitors (RASi) on clinical outcomes of
patients with different types of cancer has been extensively
studied in recent years. We aimed to review the literature
reporting statistical associations (or lack thereof) between
treatment with ACEI or ARB and incidence of specific
cancer types.
Conflicting results have been shown in large
epidemiological studies assessing whether ACEIs and ARBs
have potentially protective effects against cancer risk. Two
large population-based studies, from Denmark (10) and a
recent study from 2017 in the UK (11), found no such
association. Conversely, two large epidemiological studies
published in 2014, conducted in the UK (12) and in Taiwan
(13), demonstrated an association between ACEI/ARB use
and a reduced risk of developing cancer. In a large
population-based cohort of 17,897 patients from Denmark,
treatment with ACEI was not associated with a reduced risk
of developing cancer (10). Similar results were shown by
Mandilaras et al. in a UK population-based cohort of
547,566 patients in 2017 (11). Compared to use of other
hypertensive drugs, a cumulative duration of 1-3 years of
ARB use was associated with a 38% (odds ratio=0.62, 95%
confidence intervaI (CI)=0.41-0.94) reduced risk of
pancreatic cancer, although use of ACEIs and ARBs did not
reduce overall incidence of pancreatic cancer.
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Conversely, two large epidemiological studies published in
2014, conducted in the UK (12) and in Taiwan (13),
demonstrated a positive association between ACEI/ARB use
and a reduced risk of developing cancer. A large UK cohort of
2,847 patients who developed CRC were matched to 28,239
controls. Compared to the use of other antihypertensive
medications, long-term (>3 years) cumulative use of high-dose
ACEI or ARB was associated with a reduced incidence of
CRC (12). A similar positive association was shown in a large
population-based cohort of 297,688 individuals in Taiwan
(13); use of ACEI or ARB was associated with a lower overall
risk of cancer.
In accordance with findings in the two aforementioned
large epidemiological studies on CRC, a systematic review
with meta-analysis of six observational studies totaling
113,048 individuals and four case–control studies found a
6% (95% CI=0.90-0.99) reduced risk of CRC in ACEI/ARB
users (14).
A meta-analysis of 17 observational studies (case–control
studies and cohort studies) with a total of 3,833,261
participants, of whom 289,858 were ACEI/ARB users with
long follow-up (2.4-7.8 years), concluded monotherapy with
ACEI/ARB might have protective effects on cancer, showing
reduced incidence and mortality from cancer (15).
A prospective population-based study (based on data from
the Rotterdam Study) included 7,983 individuals with a mean
follow-up of 9.6 years, concluded that those with the highactivity DD genotype for ACE had an increased risk of
developing breast cancer, while long-term and high-dose ACEI
treatment showed a protective effect against developing CRC,
lung, breast, and prostate cancer in those with DD genotype
(16). Another study investigated whether ACE gene
polymorphisms are associated with increased susceptibility to
oral cancer (17). They found that compared to a control group,
patients with oral cancer had a higher frequency of the DD
genotype. Moreover, individuals with the DD genotype had a
5.46-fold higher risk of developing oral cancer.

Determinants of RASi Efficacy

There are several plausible determinants of RASi efficacy as
detailed in the studies below. Multiple studies found RASi
use was associated with better patient outcomes, whereas in
other studies, no association was found. This possibly
suggests that responses to RASi treatment are dependent on
tumor type and on certain tumor characteristics.
In accordance with findings from the aforementioned
experimental animal models, a recent review found the types
of cancer for which RASi therapy was associated with better
patient outcomes included renal and hepatic cancer (18).
Keizman et al. demonstrated such an association; in a multicenter pooled analysis among 278 patients with metastatic
RCC, 106 ACEI/ARB users experienced longer progression-
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free survival (19). Another pooled analysis by McKay et al.
demonstrated this positive association; among 4,736 patients
with metastatic RCC, 1,487 ACEI/ARB users had longer
overall and progression-free survival compared to users of
other antihypertensive medications (20). Conversely a U.S.
population-based case–control study of RCC among 2,304
participants found little evidence of an association with use
of ACEIs on RCC risk (21).
A recent review of patients with hepatocellular cancer
(HCC) treated with RASi showed improved outcomes in two
randomized control studies, showing significantly reduced
recurrence rates of carcinoma (18). Another randomized control
study found combination of branched-chain amino acids and
ACEI significantly suppressed the cumulative recurrence of
HCC (22). Indeed, in the pathophysiology of liver cirrhosis the
angiotensin II–angiotensin II receptor type 1 axis has a crucial
role as RASi treatment may affect improvement of both liver
fibrosis and portal hypertension. Conversely, a case–control
study of 224 patients each matched with 10 controls found
neither any use or long-term use of ACEI had a protective
effect against the development of HCC (23).
RASi therapy was shown to have a clinical benefit in
early-stage (e.g. resected urinary tract cancer) and slowly
progressing cancer (e.g. prostate cancer). Positive clinical
outcomes in patients after resection of bladder cancer were
also demonstrated by Blute et al. among 340 patients; 143
ACEI/ARB users had longer recurrence free survival (24).
Moreover, Yoshida et al. showed ACEI/ARB use in patients
with bladder cancer was an independent prognostic factor for
both longer cancer-specific and 5-year overall survival (25).
Finally, in a study by Alashkham et al. among 558 patients
with local/locally advanced prostate cancer, 103 ACEI/ARB
users had a reduced risk of biochemical recurrence (26).
RASi therapy has also shown positive clinical outcomes
in advanced stages (e.g. metastatic lung cancer) and highly
aggressive tumor types (e.g. glioblastoma and pancreatic
ductal adenocarcinoma (PDAC). Contrary to the
aforementioned epidemiological study by Mandilaras et al.
(11), a recent study by Liu et al. in patients with PDAC
showed benefits of RASIs (27). Their study with 794
patients with PDAC demonstrated that in 297, chronic
ACEI/ARB use was associated with longer overall survival
(independent of neoadjuvant chemotherapy) in those with
resected and locally advanced non-metastatic PDAC.
Moreover, they performed an RNA-Seq gene expression
profiling which suggested that the improved survival
associated with RASi therapy is possibly due to inhibition of
tumor progression and enhanced antitumor immunity in
primary PDAC (27).
While the aforementioned cancer and tumor types may
belong to those responsive to RASi treatment, past studies
show controversy when assessing the associations between
RASi treatment and breast cancer. A meta-analysis and

systemic review found no association of ACEI/ARB use with
disease-free or overall survival in breast cancer (28). Another
recent systemic review from 2018 of 11 only observational
studies, found evidence that beta-blockers but not ACEIs can
reduce the risk of breast cancer recurrence (29).
Similarly, another recent review (18) reported that three
out of 13 studies in breast cancer found worse outcomes and
only two studies found beneficial effects. As demonstrated
by Chae and colleagues among 168 ACEI users with a mean
follow up of 55 months, a reduced risk of recurrence was
found in patients with stage II/III breast cancer (30).
Nonetheless, two long-term studies with large cohorts
conducted in Taiwan (31) and more recently in the US (32)
found a protective association with the use of ACEIs in
patients with breast cancer. The Taiwan nationwide case–
control analysis compared longitudinal use of ACEIs in
16,847 female patients with breast cancer and 50,541
matched individuals. The results showed the risk of
developing breast cancer decreased as the ACEI dose
increased (31). In a large cohort study of 90,078
postmenopausal (>55 years) US women with hypertension,
long-term treatment with ACEIs (2-12 years) had a
protective association against breast cancer. This reduced
occurrence was observed within 2-3 years of initiation of
treatment with a rise after year 7-8 (32). Similarly, Li et al.
also reported a reduction in breast cancer risk associated with
long-term (>10-year) use of ACEIs (33). The reduced breast
cancer risk over time with ACEI use is related to the
mechanism by which production of angiotensin II decreases
soon after ACEI initiation, thus inhibiting angiogenesis and
the growth of cancer. This is in agreement with the
aforementioned studies, in which the protective association
was observed relatively early.

RASi Treatment Adjuvant to Chemotherapy

Radin et al. reviewed some of the mounting clinical evidence
demonstrating ACEIs have oncolytic activity in multiple types
of cancer and discussed their ability to prevent cardiotoxicity
of multiple chemotherapies (34). Their analysis demonstrated
that the actions of ACEI converge on VEGF, reducing VEGF
levels in tumors and preventing construction of blood vessels
to masses, consequently leaving them nutrient-depleted, thus
hindering tumor growth. Recent studies have assessed whether
ACEI/ARB regimens combined with chemotherapeutic agents
(e.g. with platinum-based chemotherapy or with anti-VEGFtargeted therapies) may improve patient outcomes in multiple
types of cancer (e.g. lung, pancreatic, gastric, RCC). A metaanalysis of seven retrospective studies evaluated the effect of
adjunctive RASi therapy combined with chemotherapeutic
agents in a total of 2,436 patients with cancer (35). Their
analysis showed that 378 patients who received ACEI/ARB
plus chemotherapeutic agents had a significant reduction in
4599
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overall mortality, in addition to a significant benefit in
progression-free survival for the combination treatment.
Subgroup analysis of 57/193 patients on platinum-based
agents plus ACEI/ARB showed them to have a significant
increase in survival outcome (35).
Concomitant RASi treatment with anti-VEGF-targeted
therapies was also found to be associated with better
survival. A recent review (18) on concomitant RASi
treatment with platinum-based chemotherapy found in four
out of five studies on patients with advanced non-small cell
lung cancer led to a gain in overall survival of 3-5 months.
Combination platinum-based agents plus ACEI/ARB
treatment led to a gain of 5.7 months in overall survival in
advanced gastric cancer in a study with 12.6 months follow
up by Kim et al. (36). In metastatic CRC, Osumi et al. found
up to 11 months gain in overall survival (37), while Engineer
et al. found combination therapy reduced mortality and
tumor progression in patients with CRC (38).
The aforementioned studies on metastatic RCC, by Keizman
et al. (19) and McKay et al. (20) showed combination therapy
led to a gain in overall survival of 7 to 26 months. In a study
by Pinter et al. in patients with advanced HCC combination
therapy led to a gain in overall survival of 5 months (39).
Longer overall survival was also shown by Levin et al. with
combination therapy in 318/1,186 patients with glioblastoma
(40). Although neoadjuvant systemic therapy is often used in
locally advanced and inflammatory breast cancer, ACEI use
had no significant effect on survival as shown by Chae et al.
among 1,449 patients with stage I-III breast cancer receiving
neoadjuvant chemotherapy; only the 54 ARB users had
reduced risk of recurrence, with a 82% relapse-free survival at
5 years (41). Similarly, in another study by Chae et al. no
survival benefit was found with adjuvant chemotherapy in
patients with acute myeloid leukemia (42). Nakai et al. also
showed no survival benefit from RASi therapy with adjuvant
chemotherapy in biliary tract cancer (43).

Conclusion

Commonly used medications for the treatment of
hypertension such as ACEIs and ARBs that target and
modulate the RAS system have been the focus of studies for
more than two decades assessing whether they benefit the
prognosis of patients with cancer. Evidence of such a
positive association between ACEI/ARB treatment and
reduced tumor growth has been demonstrated in
experimental animal models. Additional evidence on a
protective association between ACEI/ARBs treatment and
incidence of specific cancer types has been accumulated
from numerous human clinical studies (including large
epidemiological studies, and long-term prospective and
retrospective studies). Response to RASi therapy might be
dependent on tumor type, characteristic or stage as
4600

retrospective studies show specific cancer types (namely
RCC, non–small cell lung cancer, HCC, and PDAC) are
more responsive to RASi treatment than others (e.g. breast
cancer). Additionally, polymorphism in the ACE gene has
been suggested to be associated with the susceptibility to
develop certain cancer types. Moreover, with respect to
cancer treatment, ACEI/ARB as co-adjuvants with
chemotherapeutic agents (e.g. with platinum-based
chemotherapy or with anti- VEGF-targeted therapies) have
been suggested to prevent cardiotoxicity of multiple
chemotherapies and, thus, improve patient outcomes (i.e.
progression-free survival, and prolonged overall survival) in
different types of cancer. Notably, treatment of the individual
patient should be monitored regarding adverse events.
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