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ABBREVIATIONS 
ACE: Angiotensin-Converting Enzyme; ACEIs: Angio-
tensin-Converting Enzyme Inhibitors; ARBs: Angiotensin Recep-
tor Blockers; BB: Beta Blockers; BMI: Body Mass Index; HR: Haz-
ard Ratio; OR: Odds Ratio; CI: Confidence Intervals; OS: Overall 
Survival

INTRODUCTION
Angiotensin Converting Enzyme Inhibitors (ACEIs) are fre-
quently used as first-line drugs in the control of high blood 
pressure, management of different cardiovascular diseases and 
chronic kidney failure (Bhaskaran K, et al., 2012). ACE Inhibitors 
mainly act by inhibiting the generation of angiotensin-II results in 
decreasing the Peripheral Vascular Resistance (PVR) and blood 
pressure, also decrease the aldosterone production, therefore 
decrease in sodium and water retention will occur which result 
in lowering blood pressure (Deshayes F and Nahmias C, 2005). 
Therefore, its central mechanism of action operates by decreasing 
the activity of Renin Angiotensin System (RAS). Despite the fact 
that cancer survival rates are improving, it remains the leading 
cause of morbidity and death worldwide (Zhang W, et al., 2015). 
RAS plays a role in carcinogenesis through stimulation of angio-
genesis, inflammation and tissue proliferation (Pinter M and Jain 
RK, 2017; Rosenthal T and Gavras I, 2009). Angiotensin receptors 
have also been discovered to be up-regulated in a variety of cancer 
tissues like Lung cancer. In addition increases the production of 
vascular endothelial growth factors. Based on these observations, 
it has been postulated that the pharmacotheraputic RAS modula-
tion, may play a role on the development of a specific malignan-
cies (Shen J, et al., 2016). Innovative approaches for targeted ther-
apy are constantly being researched in order to improve cancer 
patients’ health and survival outcomes. Studies conducted more 
than three decades ago suggested that RAS may have a role in lung 
carcinogenesis, as patients with lung cancer had decreasing level 

of ACE (Rosenthal T and Gavras I, 2009; Hicks BM, et al., 2018). 
A study designed among 141 newly diagnosed individuals with 
primary lung cancer showed that they have significantly lower 
serum ACE concentration compared to healthy control individ-
uals. Others investigations have found that patients with lung 
cancer has lower serum levels of ACE than those with other res-
piratory carcinomas (Rømer FK, 1981; Gallagher PE, et al., 2011). 
Furthermore, numerous investigations have discovered that ACE 
activity increases following radiation therapy or chemotherapy in 
patients with bronchial carcinoma (Pinter M and Jain RK, 2017; 
Meng L, et al., 2021), as well as in patients in clinical remission. In 
primary human lung cancer tissues, Prochazka J, et al., 1991 found 
a substantial drop in ACE activity when compared to normal lung 
tissue (Prochazka J, et al., 1991). Moreover, studies on gene poly-
morphisms found that the genotype distribution of the endothel-
ial nitric oxide synthase gene was significantly different in lung 
cancer patients compared to the control population. As a result, 
a decreased in ACE serum in lung cancer patients is likely due 
to increased tumour burden, resulting in decreased pulmonary 
epithelial function (Peddireddy V, et al., 2018). The effect of ACE 
Inhibitors on cancer risk is still being controversial; previous in-
vestigations have suggested increased, decreased or no association 
of ACEIs with the increased risk of lung cancer. In a retrospective 
cohort research, Lever AF, et al., 1998 proposed that the usage of 
ACE Inhibitors might prevent tumour progression. Long-term 
ACEI users with high blood pressure had a lower incidence of lung 
cancer, according to the study (Lever AF, et al., 1998; Friis S, et al., 
2001). In a high-risk cohort study, users of ACEIs were found to 
have a lower chance of getting keratinocyte carcinoma (Christian 
JB, et al., 2008). Unfortunately, other studies failed to find an ACEI 
effect in this prospective (Friis S, et al., 2001; Lindholm LH, et al., 
2001; Pasternak B, et al., 2011). Studies specifically assessing the 
risk of lung cancer associated with long term uses of ACEIs have 
conflicting and limited evidence (Azoulay L, et al., 2012; Hung JK, 
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et al., 2021; Hallas J, et al., 2012). Study conducted by Azoulay L, et al., 2012 
reported an increased risk of lung cancer associated with long term uses of 
ACEIs. However, Hallas J, et al., 2012 reported weak evidence between the 
long term uses of ACEIs and lung cancer (Hallas J, et al., 2012). However, 
a recent cohort study in UK reported the use of ACEIs associated with 
lung cancer; the association was particularly elevated among people using 
ACEIs for more than five years (Hicks BM, et al., 2018). Lin SY, et al., 2020, 
Cohort study reported ACEIs use associated with lung cancer compared 
with Angiotensin Receptor Blockers (ARBs) use. Coleman CI, et al., 2008 
did a mixed treatment comparison meta-analysis of a variety of random-
ized control studies and did not report any association between ACEIs use 
and lung cancer. A more recent meta-analysis of randomized control trials 
were reported an increased risk among regular users of ACEIs (Hicks BM, 
et al., 2018). An observational cohort study conducted by Anderson JL, et 
al., 2021 reported a small increase in lung cancer risk with ACEIs com-
pared with ARB. Furthermore, Connolly and colleagues reported that no 
increased risk for lung cancer with the users of ACEIs in 15 randomized 
trials were included in a meta-analysis (ARB Trialists Collaboration, 2011). 
Given the inconsistent findings on cancer incidence, as well as preclinical 
evidence indicating these treatments are implicated in tumor growth and 
vascularization (Deshayes F and Nahmias C, 2005). ACEIs are probable to 
play a significant role in cancer development. Despite mounting evidence 
of a link between ACEIs and carcinogenesis, their impact on those who al-
ready have cancer in unknown. A systematic analysis of existing epidemi-
ologic studies trial data was done to determine whether the use of ACEIs 
increases the incidence of diseases, metastasis, and morality within cancer 
patients.

METHODOLOGY
Literature search 
Studies published from 1 January to 31 March, 2021 without any language 
or data restriction were identified through electronic literature searches 
of the Ovid MEDLINE (US National library of medicine, Bethesda, MD, 
USA); EMBASE (Reed Elsevier PLC, Amsterdam, The Netherlands), 
SCOPUS, PubMed and Web of Science (Thompson Reuters) databases. 
The electronic search combined terms, related to “Lung cancer” OR “Lung 
carcinoma” in various combinations as well as “Angiotensin Converting 
Enzymes Inhibitors “, “ACE Inhibitors” and with the names of individual 
medications for example; ‘Captopril’, ‘Enalapril’ and ‘Fosinopril’. An epi-
demiology study search filter was also used. The overall search was limited 
on humans only. 

Criteria for inclusion
By removing duplicates, papers were assessed for inclusion based on pre-
determined eligibility conditions using the title and abstract. All of the arti-
cles were screened separately by the authors. When the title or abstract of 
an article did not indicate whether it was relevant to the review, the full text 
was obtained for further examination. Only papers that met the full criteria 
were considered for this review: (a) the study evaluated the use of ACE 
Inhibitors and ARBs in the study subjects; (b) an experimental and control 
has been used; (c) the design of the study was interventional (randomised 
control trial) or observation-based (cohort or case control study); and (d) 
the study used clinically related outcomes.

Data extraction and quality assessment
The researcher extracted the information based on the following param-
eters: First author, year of publication, location, study period, classification 
of drug use, exposures assessment, outcome determination, risk measure-
ment, and confounder adjustment was obtained from each of the included 
reference articles. Wherever possible, Confidence Intervals were generated 
using data from individual studies if Confidence Intervals were not sup-
plied. All of the included studies were evaluated for potential bias. This re-

view was conducted in accordance with the PRISMA (Preferred Reporting 
Items for Systematic Review and Meta-Analysis) Statement for systematic 
review and meta-analysis reporting (Moher D, et al., 2009).

RESULTS
Description of included studies
The search retrieved 3,809 studies and this number became 3,509 after 
duplicates have been removed (Figure 1). A total 32 articles relevant to 
ACEIs/ARBs use and cancer progression were identified from the online 
databases search and met the inclusion criteria for the review. Character-
istics of studies included in the systematic review are outlined in Table 
1. Twenty cohort studies, seven case control studies, two hospital retro-
spective trial, two Hospital-based prospective trial and one randomized 
control trial, were carried out between 1980 and 2021 were included in the 
systematic review (Bhaskaran K, et al., 2012; Lever AF, et al., 1998; Friis S, 
et al., 2001; Pasternak B, et al., 2011; Azoulay L, et al., 2012; Hallas J, et al., 
2012; Hicks BM, et al., 2018; Lin SY, et al., 2020; Anderson JL, et al., 2021; 
Hsu HL, et al., 2020; Kristensen KB, et al., 2021; Lee SH, et al., 2021; Makar 
GA, et al., 2014; Kumar P, et al., 2021; Wei J, et al., 2019; Chae YK, et al., 
2011; Ganz PA, et al., 2011; Keizman D, et al., 2011; Melhem-Bertrandt 
A, et al., 2011; Nakai Y, et al., 2010; Wilop S, et al., 2009; Heinzerling JH, 
et al., 2007; Buchler T, et al., 2005; Chiang YY, et al., 2014; Jick H, et al., 
1997; Sipahi I, et al., 2010; van der Knaap R, et al., 2008; Rosenberg L, et al., 
1998; Assimes TL, et al., 2008; Pahor M, et al., 1996; Yoshiji H, et al., 2009; 
Ronquist G, et al., 2009).

Figure 1: Flow chart of study selection for the systematic review

Vol 14, Issue 2 Jan Feb, 2023



Systematic Review Pharmacy 84

Omer OIA:Lung Cancer Increased Risk with Long Term Use of Angiotensin Converting Enzyme Inhibitors: A  
Systematic Review

Table 1: Characteristics of studies included in the systematic review

S/no Author 
(Year)

Study 
Design 

Study 
period

Exposure source Name of institution (country) Source of outcome(s) Follow-up 
(years)

1 Anderson 
JL, et al., 

2021

Cohort 1996-2018 Intermountain Enter-
prise Data warehouse 

(EDW) database.

Intermountain Heart Institute, Inter-
mountain Medical Centre (USA)

Intermountain Enterprise 
Data Warehouse (EDW) 

database

ns

2 Kristensen 
KB, et al., 

2021

Case 
control

2000-2015 Danish National 
Health and Adminis-

trative Registries 

Danish National Health (Denmark) Danish National Health 
and Administrative Reg-

istries

3.2 years

3 Lee SH, et 
al., 2021

Cohort ns Observational Health 
Data Sciences and 

Informatics (OHDSI)

Rehabilitation and Prevention Center, 
Heart Vascular Stroke Institute, Sam-

sung Medical Center, Sungkyunk-
wan University School of Medicine 

(Korea)

Hospital records ns

4 Kumar P, 
et al., 2021

Hospital 
based ret-
rospective 

trial 

2005-2010 Hospital records Medicine, Jinnah Sindh Medical 
University (Pakistan)

Hospital records 4 Years

5 Hsu HL, et 
al., 2020

Case 
control

2000-2016 Taiwan National 
Health Insurance 

Research Database 

Wan Fang Hospital, Taipei Medical 
University  (Taiwan)

Taiwan Cancer Registry 
database 

3.6 Years

6 Lin SY, et 
al., 2020

Cohort 2000-2012 Longitudinal Health 
Insurance Database 

(LHID)

College of Medicine, China Medical 
University, Taichung (Taiwan

National Health Insur-
ance Research Database 

(NHIRD) 

ns

7 Wei J, et 
al., 2019

Hospital 
retro-

spective 
clinical 

trial

2016-2018 Hospital records Central South University (China) Hospital records 2 years

8 Hicks BM, 
et al., 2018

Cohort 1995-2015 United Kingdom Clin-
ical Practice Research 

Datalink

Queen’s University Belfast, Belfast 
(UK)

United Kingdom Clinical 
Practice Research Data-

link

10Years

9 Makar 
GA, et al., 

2014

Case 
control

1987-2002 EPIC’s General Prac-
tice Research Database

Perelman School of Medicine at the 
University of Pennsylvania  (Penn-

sylvania)

EPIC’s General Practice 
Research Database

ns

10 Chiang 
YY, et al., 

2014

Cohort 2000-2009 Taiwan National 
Health Insurance 

Research Database 
(NHIRD)

China Medical University Hospital, 
Taichung (Taiwan)

Taiwan National Health 
Insurance Research Data-

base (NHIRD)

9 Years 

11 Hallas J, et 
al., 2012

Case 
control

2000-2005 Danish National Pre-
scription Registry

University of Southern Denmark 
(Denmark)

Danish National Prescrip-
tion Registry

5 Years

12 Bhaskaran 
K, et al., 

2012

Cohort 1995-2010 The General Practice 
Research Database UK

London School of Hygiene and Trop-
ical Medicine (UK)

The General Practice 
Research Database 

4.6 years

13 Azoulay L, 
et al., 2012

Cohort 1995-2010 The General Practice 
Research Database UK

Centre for Clinical Epidemiology, 
Lady Davis Institute, Jewish General 

Hospital, Montreal, Quebec (Canada)

The General Practice 
Research Database

ns

14 Ganz PA, 
et al., 2011

Cohort 1997-2002 Prescription database Kaiser Permanente Northern Califor-
nia Cancer Registry (USA)

Questionnaires, medical 
records, death certificates

8.2 Years

15 Keizman 
D, et al., 

2011

Cohort 2004-2010 Hospital records John Hopkins Kimmel Cancer Center 
(USA)

Hospital records ns

16 Mel-
hem-Ber-
trandt A, 

et al., 2011

Cohort 1995-2007 Hospital records University of Texas MD Anderson 
Cancer Center (USA)

Hospital records 5.3 Years

17 Chae YK, 
et al., 2011

Cohort 1999-2005 Hospital records Albert Einstein Medical Centre 
(USA)

Hospital records 4.6 years
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18 Pasternak 
B, et al., 

2011

Cohort 1998-2006 Hospital records Statens Serum Institut, (Denmark) Hospital records 2.1 years

19 Nakai Y, et 
al., 2010

Cohort 2001-2009 Hospital records University of Tokyo Hospital (Japan) Hospital records 9.5 months

20 Wilop S, et 
al., 2009

Cohort 1996- 2007 Hospital records University Hospital Aachen (Germa-
ny)

Hospital records and state 
death register 

8.1 months

21 Yoshiji H, et 
al., 2009

Hospi-
tal-based 
prospec-
tive trial

2002-2005 Hospital records Nara Medical University Hospital 
(Japan)

Hospital test 3 years

22 Ronquist G, 
et al., 2009

Hospi-
tal-based 
prospec-
tive trial

2002-2005 Hospital records Malar Hospital (Sweden) Hospital test 2.4 year 

23 van der 
Knaap R, et 

al., 2008

Cohort 1991-2004 The Rotterdam Study 
Records

Erasmus Medical Center, Rotterdam 
(Netherlands)

The Rotterdam Study 
Records

9.6 years

24 Ontarget 
Investiga-
tors, 2008

Random-
ized con-
trol trial

2004-2004 Hospital records Multi centres Hospital records 4.7 years

25 Assimes 
TL, et al., 

2008

Case con-
trol 

1980-2003  Saskatchewan Health 
databases

Stanford University School of Medi-
cine (USA)

Saskatchewan Health 
databases.

3.6 years

26 Heinzerling 
JH, et al., 

2007

Cohort 1998-2002 Hospital records Dallas Veteran’s Affairs Medical Center 
(USA)

Hospital records 3 Years 

27 Buchler T, 
et al., 2005

Cohort 1995-2002 Hospital records Brno or Olomouc University Hospitals 
(Czech Rep.)

Hospital records 4.1 years

28 Friis S, et 
al., 2001

 Cohort 1989-1995 Prescription Data-
base of North Jutland 

County and the Danish 
Cancer Registry

Institute of Cancer Epidemiology, 
Danish Cancer Society, Copenhagen 

(Denmark)

Prescription Database of 
North Jutland County and 

the Danish Cancer Registry

3.7 years

29 Rosenberg 
L, et al., 

1998

Case con-
trol

1983-1996 Hospital records Hospitals in Baltimore, New York 
(USA)

Hospital records 3.8 years

30 Lever AF, et 
al., 1998

Cohort 1980-1995 Registrar General 
Scotland and the West 

of Scotland Cancer 
Registry

 University of Glasgow, Western Infir-
mary (UK)

Registrar General Scotland 
and the West of Scotland 

Cancer Registry

6.6 years

31 Jick H, et 
al., 1997

Case con-
trol

1990-1995 General Practice 
Research Database 

(GPRD)

Boston University Medical Center 
(UK)

General Practice Research 
Database (GPRD)

4 years

32 Pahor M, et 
al., 1996

Cohort 1988-1992 Hospital records  Catholic University, Rome (Italy) Hospital records 2 years

Note: ns: not stated
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findings of this review was not possible due to a lack of relevant reports 
and significant heterogeneity among the studies in terms of malignancies 
studied and study outcomes.

Cofounding
In each of the retrospective cohort studies, there were inconsistencies 
among the parameters that were accounted (Table 2). Fourteen of the co-
hort studies were age and sex-adjusted (Bhaskaran K, et al., 2012; Friis S, 
et al., 2001; Hicks BM, et al., 2018; Anderson JL, et al., 2021; Lee SH, et 
al., 2021; Makar GA, et al., 2014; Chae YK, et al., 2011; Ganz PA, et al., 
2011; Melhem-Bertrandt A, et al., 2011; Nakai Y, et al., 2010; Wilop S, et 
al., 2009; Heinzerling JH, et al., 2007; Buchler T, et al., 2005; Chiang YY, et 
al., 2014) and others studies adjusted for stage of cancer (Anderson JL, et 
al., 2021; Ganz PA, et al., 2011; Melhem-Bertrandt A, et al., 2011; Nakai 
Y, et al., 2010; Wilop S, et al., 2009; Heinzerling JH, et al., 2007; Buchler T, 
et al., 2005). While, six studies adjusted for Body Mass Index (BMI) and 
smoking status (Bhaskaran K, et al., 2012; Azoulay L, et al., 2012; Hicks 
BM, et al., 2018; Anderson JL, et al., 2021; Hsu HL, et al., 2020; Jick H, et 
al., 1997). Five studies are adjusted for diabetes diagnosis (Chae YK, et al., 
2011; Ganz PA, et al., 2011; Melhem-Bertrandt A, et al., 2011; Heinzerling 
JH, et al., 2007; Buchler T, et al., 2005) and few other studies also adjusted 
for co-morbidities and concomitant medication (Azoulay L, et al., 2012; 
Hallas J, et al., 2012; Anderson JL, et al., 2021; Hsu HL, et al., 2020; Chi-
ang YY, et al., 2014). Four studies were adjusted for performance status, a 
measure used to assess cancer patients’ functional status (Ganz PA, et al., 
2011; Nakai Y, et al., 2010; Wilop S, et al., 2009; Buchler T, et al., 2005). No 
adjustments were required in the randomized controlled trials, because of 
the randomization method. 

Study design
The research included 1,055,122 patients. There were differences in the 
types of cancers evaluated, and the average follow-up time ranged from 
8.1 months to ten years. Fourteen researches looked at how patients used 
ACEIs or ARBs. Five studies focused solely on the usage of ACEIs. Four 
of the retrospective and prospective clinical investigations revealed the 
types of ACEIs and ARBs that were utilized (Table 1). The two prospective 
trials compared the effects of taking ACEIs against non-users. Yoshiji H, 
et al., 2009 allocated participants to one of three treatment groups: Com-
bined treatment (preindopril: 4 mg/day and vitamin K 45 mg/day), single 
treatment (preindopril: 4 mg/day or vitamin K 45 mg/day), or control (no 
ACEI or vitamin K). The authors first compared the outcomes of patients 
in the two groups and Overall Survival was examined in several studies 
(Chae YK, et al., 2011; Ganz PA, et al., 2011; Keizman D, et al., 2011; Mel-
hem-Bertrandt A, et al., 2011; Nakai Y, et al., 2010; Wilop S, et al., 2009; 
Heinzerling JH, et al., 2007; Buchler T, et al., 2005; Yoshiji H, et al., 2009). 
Four of the studies also assessed cancer specific mortality (Lee SH, et al., 
2021; Kumar P, et al., 2021; Wei J, et al., 2019; Ganz PA, et al., 2011; Chiang 
YY, et al., 2014; Assimes TL, et al., 2008) and few research papers looked 
on progression free survival (Keizman D, et al., 2011; Nakai Y, et al., 2010; 
Buchler T, et al., 2005). Along with that, relapse/disease free survival was 
investigated in two studies (Chae YK, et al., 2011; Melhem-Bertrandt A, et 
al., 2011). Studies also looked into the results where possibility of tumor 
recurrence is present (Hicks BM, et al., 2018; Chae YK, et al., 2011; Ganz 
PA, et al., 2011; Yoshiji H, et al., 2009). The researchers looked at biochem-
ical recurrence in prostate cancer patients (defined as persistent or rising 
blood Prostate-Specific Antigens (PSA) of 0.10 g/l or greater detected on 
at least two occasions) (Ronquist G, et al., 2009). A meta-analysis of the 

Table 2: Results from studies assessing cancer-specific and Overall Survival (OS) among cancer patients

Author (Year) Exposure Study outcome Overall risk measurement Adjustments

A B C D E F G H

Anderson JL, et al., 2021 ACEI/ARB Overall Survival HR=1.18, CI: 1.06, 1.31 * * * * *

Lee SH, et al., 2021 ACEI Overall Survival No significant difference * * * *

Ganz PA, et al., 2011 ACEI Breast cancer-specific 
mortality

HR=1.23 (95% CI 0.82-
1.83)

* *

Keizman D, et al., 2011 ACEI/ ARB Overall Survival HR=0.69 (p=0.21) * * *

Melhem-Bertrandt A, et 
al., 2011

ACEI/ ARB Overall Survival HR=0.99 (95% CI 0.65-
1.51)

* * *

Chae YK, et al., 2011 ACEI/ ARB Overall Survival 55.5 versus 55.0 months 
(p=0.47)

* * * *

Nakai Y, et al., 2010 ACEI/ ARB Overall Survival HR=0.52 (95% CI 0.29-
0.88)

* * * *

Wilop S, et al., 2009 ACEI/ ARB Overall Survival HR=0.56 (95% CI 0.33-
0.95)

* * * * * *

Yoshiji H, et al., 2009 ACEI Cumulative survival rate No significant difference

Heinzerling JH, et al., 
2007

ACEI Mortality No significant difference * * * *

Buchler T, et al., 2005 ACEI Overall Survival HR=2.014 (95% CI 1.002-
4.049)

* * * * *

*Factors adjusted for: A: Age; B: Gender; C: Body mass index; D: Smoking status; E: Co-morbidities; F: Performance status; G: Diabetes; H: others
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cohort, use of ARBs was not significantly associated with increased risk of 
overall incidence of lung cancer (Pasternak B, et al., 2011). van der Knaap 
R, et al., 2008 did not find any incidence for development of lung cancer 
among ACEIs users. Case study conducted by Assimes TL, et al., 2008 stat-
ed that long-term use of common antihypertensive drugs does not appear 
to promote or initiate cancer. Another cohort study did not confirm a pro-
tective effect of ACE inhibitors on the development of cancer (Friis S, et 
al., 2001). Lever AF, et al., 1998, reported that long term use of ACEIs may 
protect against lung cancer. 

Table 3: Overall associated risk of lung cancer with ACEIs/ARBs

Author (Year) Study design Exposure Risk for 
lung 

cancer

Anderson JL, et al., 2021 Cohort ACEI/ARB 

Kristensen KB, et al., 
2021

Case control ACEI 

Lee SH, et al., 2021 Cohort ACEI 

Kumar P, et al., 2021 Hospital based 
retrospective 

trial

ACEI/ARB 

Hsu HL, et al., 2020 Case control ACEI/ARB 

Lin SY, et al., 2020 Cohort ACEI/ARB 

Wei J, et al., 2019 Hospital based 
retrospective 

trial

ACEI/ARB 

Hicks BM, et al., 2018 Cohort ACEI 

Makar GA, et al., 2014 Case control ACEI/ARB 

Chiang YY, et al., 2014 Cohort ACEI/ARB 

Hallas J, et al., 2012 Case control ACE 

Bhaskaran K, et al., 2012 Cohort ACEI/ARB 

Azoulay L, et al., 2012 Cohort ARB 

Ganz PA, et al., 2011 Cohort ACEI/BB 

Keizman D, et al., 2011 Cohort ACEI 

Chae YK, et al., 2011 Cohort ACEI/
ARB/
Statins



Pasternak B, et al., 2011 Cohort ARB 

Pasternak B, et al., 2011 Cohort ACEI 

Assimes TL, et al., 2008 Case control ACEI 

 Presence of risk for lung cancer
 Absence of risk for lung cancer

DISCUSSION 
The systematic review investigate the overall associated risk for lung can-
cer with the use of ACEIs/ARBs and the Overall Survival among cancer 
patients. A total of twenty cohort studies, seven case control, two hospital 
retrospective trial, two Hospital-based prospective trials and one random-
ized trial control were identified. The majority of the studies were con-

Reported results
Overall Survival: Table 2 shows the Overall Survival risk estimations. 
Anderson JL, et al., 2021 observed the HR of lung cancer was modest-
ly increased with ACEIs (unadjusted HR=1.11, CI: 1.02, 1.22; adjusted 
HR=1.18, CI: 1.06, 1.31). Lee SH, et al., 2021 observed no significant dif-
ferent in Overall Survival among lung cancer patients who treated with 
ACEIs. Overall mortality was significantly lower in pancreatic cancer pa-
tients who took ACEIs or ARBs compared to non-users who were normo-
tensive (HR=0.52, 95% CI 0.29-0.88). The researchers investigated survival 
outcomes between people taking different antihypertensive medicines 
and non-hypertensive patients found no statistically significant changes 
(HR=1.23, 95% CI 0.73-1.98). Wilop S, et al., 2009 observed patients with 
lung cancer who reported using ACEIs or ARBs had a statistically sub-
stantially longer median survival of 3.1 months when compared to those 
who did not, compared to non-users (HR=0.56, 95% CI 0.33-0.95). Pa-
tients with metastatic renal cell carcinoma who took ACEIs or ARBs had 
a 7-month survival advantage, but the difference was not statistically sig-
nificant (HR=0.69, p=0.21) (Keizman D, et al., 2011). In a large cohort of 
breast cancer patients, there was no significant survival benefit for using 
ACEIs or ARBs (HR=0.99, 95% CI 0.65-1.51) (Melhem-Bertrandt A, et 
al., 2011). Furthermore, Chae YK, et al., 2011 found no difference in sur-
vival rates among breast cancer patients who used ACEIs or ARBs and 
those who did not (median survival: 55.5 vs. 55.0 months, p=0.47). A third 
study of 1,179 patients with early stage breast cancer found a non-signifi-
cant increase in the risk of breast cancer-specific mortality (HR=1.27, 95% 
CI 0.74-2.19) among users of ACEIs (Ganz PA, et al., 2011). Buchler T, et 
al., 2005 also reported a worse Overall Survival in patients with multiple 
myeloma who used ACEIs (HR=2.014, 95% CI 1.002-4.049), compared 
to non-users. The authors of this study also found that ACEI users had a 
lower survival rate when compared to hypertensive patients taking other 
or no antihypertensive drugs (38.7 vs. 77.7 months, p=0.024). Yoshiji H, 
et al., 2009, reported there is no significant difference in Overall Survival 
between hepatocellular carcinoma patients treated with the ACEI captopril 
and those who were not using it. Furthermore, combination treatment 
with an ACE inhibitor and vitamin K had no effect on Overall Survival.
Overall associated risk of lung cancer with ACEIs/ARBs: Risk associ-
ation of ACEIs/ARBs with lung cancer presented in Table 3. Anderson JL, 
et al., 2021 noted a small long-term increase in lung cancer risk with ACEIs 
compared with ARBs. A nationwide nested case-control study reported by 
Kristensen KB, et al., 2021, high cumulative ACEI doses was associated 
with modestly increased odds of lung cancer while use of lower doses 
showed neutral associations. Lee SH, et al., 2021 observed no incidence 
development of lung cancer with patients who are prescribed with ACEIs. 
A retrospective study conducted by Kumar P, et al., 2021 reported the inci-
dence of lung cancer was relatively more among people using ACEIs than 
ARBs. Case control study concluded that ACEI and ARB at high cumula-
tive doses might be associated with lung adenocarcinoma risk (Hsu HL, 
et al., 2020). Study in Taiwan reported ACEI users are at a higher risk of 
lung cancer than ARB users (Lin SY, et al., 2020). Wei J, et al., 2019 did not 
detect any incidence for lung cancer development associated with ACEIs/
ARBs. Another cohort study conducted by Hicks BM, et al., 2018 reported 
the use of ACEIs was associated with an increased risk of lung cancer. Five 
cohort studies reported the use of ACEIs/ARBs were not associated with 
an increased incidence for lung cancer (Bhaskaran K, et al., 2012; Azoulay 
L, et al., 2012; Ganz PA, et al., 2011; Keizman D, et al., 2011; Chiang YY, et 
al., 2014). Makar GA, et al., 2014 reported in a case study, long-term/high-
dose usage of ACEIs/ARBs not a risk for lung cancer. Population based 
cohort study by Hallas J, et al., 2012 concluded that the ACEIs appears to be 
related to a small increase in cancer risk. The use of ACE-inhibitors/ARBs, 
statins, and the combination of both were all associated with a reduced risk 
of breast cancer recurrence (Chae YK, et al., 2011). In this large nationwide 
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the influence of ACEIs or ARBs on lung cancer incidence or Overall Sur-
vival in patients with advanced cancer. There was some evidence that the 
use of these drugs may have increased or lowered the risk of lung cancer 
in general; however, bigger epidemiological studies with more participants 
are needed.
The review concluded that the usage of ACE inhibitors was not linked to a 
higher risk of lung cancer. Nonetheless, well-designed observational stud-
ies with diverse ethnic populations are required to assess the long-term 
(over ten-year) link between ACEI usage and lung cancer. 
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CONCLUSION
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