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Background. The global prevalence of chronic obstructive pulmonary disease (COPD) is increasing, and the risk of lung cancer in
these patients is high. The use of inhaled corticosteroids (ICSs) in COPD patients could help to decrease potential lung cancer risk.
We planned to conduct this systematic review and meta-analysis to determine the role of ICS in the risk of lung cancer among
COPD patients. Methods. A comprehensive search of PubMed, Science Direct, Google Scholar, and Cochrane library and a
manual search of the list of references were conducted. Studies with cohort, case-control, and randomized clinical trial designs
for any ICS use reporting the incidence/hazard ratio (HR) of lung cancer were included. The random-effects model was used
to pool hazard ratios. Subgroup analysis and metaregression analysis were employed. Funnel plot and Egger regression test
were used to assess publication bias. Results. Combining the results of 14 observations, the pooled HR for cancer risk reduction
was 0.69 (95% CI 0.59-0.79), p value < 0.001. The use of ICS in COPD patients showed a 31% reduction in the risk of lung
cancer. Subgroup meta-analysis showed a significant reduction in the risk of lung cancer as well. Conclusion. The use of ICS in
COPD npatients reduces the risk of lung cancer. The risk reduction was independent of smoking status and latency period.
Future studies should focus on the optimum dose and controlling confounders like asthma.

1. Introduction

With uneven distribution around the world, the prevalence
of chronic obstructive pulmonary disease (COPD) is
increasing [1]. Over a 44% increment in the prevalence of
COPD was observed from 1990 to 2015, and 174.5 million
individuals suffered from COPD. In 2015, 3.2 million people
died worldwide which is an 11.6% increment compared to
1990 [2]. Mortality has been an important outcome in
COPD, and it has become one of the leading causes of death
in the world. Causes of mortality in COPD vary depending
on the population; a randomized clinical trial of smoking

cessation and inhaled bronchodilator therapy indicated can-
cer was the most common cause of mortality (33%) [3].
However, in a pooled analysis of seven randomized clinical
trials among patients with stable COPD, the leading cause
of death was respiratory disease [4].

A consistent positive association between COPD and
lung cancer is common. The annual incidence of lung cancer
was 2 to 4-fold higher in patients with prior COPD [5, 6].
From 21 studies conducted between 1997 and 2018, the
pooled prevalence of lung cancer in COPD patients was
2.79%, and people with COPD are 6.35 times more likely
to develop lung cancer than controls [7]. Smoking has been
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associated with an increased risk of lung cancer in COPD
patients [8] and advocated as the link. Recent studies outline
the risk of lung cancer remains higher even without smoking
[9]. In a large Korean national cohort study, COPD was a
strong independent risk factor for lung cancer incidence in
never smokers, indicating these patients are at high risk of
lung cancer irrespective of smoking status [10]. Airway
remodeling, epithelial-mesenchymal transition, and to the
lesser extent infections that predispose to airway inflamma-
tion and epithelial activation and further exacerbate oxida-
tive injury are involved in the pathogenesis of COPD [11].
Epithelial-mesenchymal transition, by altering the cellular
architecture of the airway, plays an important role in disease
progression, development of cancer, and tumor metastasis,
which increases cancer-related mortality [12].

Mortality from lung cancer is higher in inflammatory
lung conditions. Forced expiratory volume in the first sec-
ond (FEV1) and C-reactive protein (CRP) significantly
predict mortality from lung cancer with hazard ratio (HR)
=2.13 for FEV1<90% and HR =3.38 for CRP >2mg/dl
[13]. Chronic inflammation induces immune components
including interleukin 13 (IL-1p), IL-10, IL-17A, cyclooxy-
genase 2 (COX 2), and T-helper 1 (Th 1) cells. The resultant
effects impair cytotoxic T cell effector function, activate mac-
rophages, and degranulate neutrophils [14, 15]. These
inflammatory molecules cause genomic instability, suppress
tumor immune surveillance, and tumor-promoting inflam-
mation, which contribute to proliferation including tumor
growth and metastasis [14].

Pharmacologic treatments for COPD include decreasing
airway smooth muscle contraction, airway inflammation,
mucus production, respiratory infection, and replacement
of alpha-1 antitrypsin deficiency. Inflammatory conditions
in COPD can be managed with corticosteroids, phosphodi-
esterase inhibitors, and long-term macrolides [16]. In the
recent (2020) Global Initiative for Chronic Obstructive Pul-
monary Disease (GOLD) report, there was no conclusive
evidence indicating modification in the decline of FEV1 or
mortality with regular use of inhaled corticosteroids (ICSs)
in COPD [17]. However, in moderate COPD, a slower
decline in FEV1 and a reduction in the occurrence of exacer-
bation were reported [17, 18]. Nevertheless, GOLD recom-
mends the use of ICS in combination with bronchodilators
for COPD exacerbations, and the use of ICS for COPD
patients is common in clinical practice.

ICS use for COPD has mixed outcomes; deleterious
effects like pneumonia [19] and tuberculosis [20] are
implied. On the other hand, the ICS prescription for COPD
modulates inflammation. Treatment with fluticasone propi-
onate for 10 weeks alleviated increment in markers of
inflammation and adhesion molecules and boosted antioxi-
dant capacity [21]. A double-blind placebo-controlled clini-
cal trial also provides evidence of ICS suppression of
systemic inflammation. Withdrawal of inhaled corticoste-
roids increased serum CRP level and reintroduction of
inhaled fluticasone suppressed CRP level [22]. These con-
flicting pieces of evidence create uncertainty in the use of
ICS in COPD and subsequent benefits to these specific
individuals.
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As the global prevalence of COPD is increasing and the
risk of lung cancer in these patients is high; the use of ICS
in COPD patients could help to decrease potential lung can-
cer risk. A systematic review by Raymakers et al. [23] in 2016
on ICS use and incidence/mortality in lung cancer appraises
two separate results from clinical trials and observational
studies. Although they opted not to pool due to methodolog-
ical reasons, randomized controlled trials (RCTs) indicated
no benefit and observational studies pointed out the possi-
bility of beneficial effects. Recent meta-analyses on the ben-
efits of ICS in the incidence of lung cancer pointed out the
significant role of these drugs in risk reduction [24, 25].
We conducted this systematic review and meta-analysis to
determine the role of ICS on the risk of lung cancer in
COPD patients. This study added evidence to the current
knowledge with a robust search and additional literature.

2. Methods

2.1. Eligibility Criteria. Our inclusion criteria were as follows:
(1) studies with a cohort, case-control, and randomized clin-
ical trial designs for any inhaled corticosteroids including
beclomethasone, budesonide, triamcinolone, fluticasone,
ciclesonide, mometasone, flunisolide; (2) the follow-up
period should be at least 12 months; (3) study participants
with COPD; (4) the intervention should be ICS, the control
group with placebo or other drugs with a specified name;
and (5) data on the incidence of lung cancer including zero
events in the course of follow-up.

In vitro and animal studies, review articles, incomplete
articles, conference proceedings, and duplicates were
excluded. Due to feasibility, articles published in the English
language/have English version were included. All the above-
mentioned designed research conducted on adults up to
November 2021 were included.

2.2. Search Strategy. PubMed, Science Direct, Google
Scholar, and Cochrane library searched for the following
terms without publication year restrictions: COPD, “obstruc-
tive pulmonary disease,” “Pulmonary Disease, Chronic
Obstructive,” “inhaled corticosteroids,” Beclomethasone,
budesonide, triamcinolone, fluticasone, mometasone, cicle-
sonide, flunisolide, lung neoplasms, lung cancer, non-small
lung carcinoma, small lung carcinoma, adenocarcinoma,
“carcinoma, squamous cell” search words used alone or in
combination using Boolean operators. Unpublished articles
were searched from clinical trial registration platforms. Pre-
print articles were also retrieved from websites. A manual
search was conducted by screening the reference lists of
included studies. Reports were compiled according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guideline [26].

2.3. Study Selection. Two reviewers independently scanned
all titles and abstracts that indicated the use of corticoste-
roids by a patient with COPD and the risk of lung cancer.
After obtaining full reports of potentially relevant studies,
the same reviewers independently assessed the full-text
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articles. Disagreements regarding eligibility were solved by
the third reviewer through consensus.

2.4. Data Extraction and Outcome Measurement. General
study details including author, publication year, study
design, country, follow-up period and duration, age of par-
ticipants, the sample size in both groups, types of treatment,
latency period, adjusted variables, and hazard ratio were
extracted from each study with predetermined data abstrac-
tion format. The outcome of interest was the risk of lung
cancer, incidence, or HR. In studies that had more than
two groups and reported more than one hazard ratio, the
HRs will be taken accordingly. In this case, the sample size
of the control group was divided by the number of groups/
experimental arms to avoid double counting.

2.5. Risk of Bias Assessment. The methodological quality of
observational studies was assessed using the Newcastle
Ottawa Scale (NOS) [27]. The risk of bias for included
RCT was judged per the Cochrane Collaboration Risk of
Bias Tool [28], for reporting of sequence generation, alloca-
tion concealment, use of blinding of participants and per-
sonnel, loss to follow-up, and other biases.

2.6. Data Analysis. We performed a meta-analysis to pool
HR with a 95% confidence interval (CI) from dichotomous
data using random effects, inverse variance method. Statisti-
cal heterogeneity was measured by I” static, and we consider
percentages of around I* =25%, I* = 50%, and I* = 75% as
low, medium, and high heterogeneity, respectively [29].

Subgroup meta-analysis was performed for potential
sources of clinical and methodological heterogeneity.
Studies subgrouped based on the status of adjustment
for smoking, duration of follow-up period, consideration
of time bias, and so on. Meta-regression analysis was per-
formed for potential covariates. Potential publication bias
was assessed using a funnel plot and Egger’s regression
test. p value < 0.05 cut-point was used to declare statisti-
cal significance. To detect the robustness of the results, a
sensitivity analysis was conducted by sequential elimina-
tion of each study from the pool. All analyses were per-
formed using the STATA software (Version 14, StataCorp,
Texas, USA).

3. Results

3.1. Literature Search Result. A total of 971 potentially eligi-
ble studies identified from the four databases were
searched, and three additional articles were retrieved from
other sources. Two hundred one duplicates were removed
with 773 studies left to deal. After screening the titles and
abstracts of these studies, 742 papers discarded as irrele-
vant. Thirty-one studies selected for full content screening,
and 13 articles met the inclusion criteria. The detail of the
literature selection is given in Figure 1, with the PRISMA
flow diagram.

3.2. Characteristics of Original Studies. Nine cohort studies,
three case-control, and one randomized controlled trial, a
total of 13 studies, (with 14 observations), were included.

The mean follow-up time ranges from 3 to 6.8 years, and
publication year ranges from 1999 to 2019. Parimon et al.
[30] reported two hazard ratios for ICS dose less than and
greater than 1200 ug/day without shared HR. We took these
two HRs as two observations, and the total observations are
14 with 13 unique studies. Table 1 shows the characteristics
of included articles including treatment regimen and con-
founder adjustments.

3.3. Meta-Analysis. Given in the forest plot (Figure 2), pool-
ing the results of 14 reports, the pooled HR for cancer risk
reduction was 0.69 (95% CI 0.59-0.79), p value < 0.001.
The use of ICS in COPD patients showed a 31% reduction
in the risk of lung cancer with a mean follow-up time of 3-
6.8 years. However, there is borderline moderate heterogene-
ity I = 61.2%. Subgroup meta-analysis was conducted on
relevant factors including study design, continent, smoking
status, and latency period. All factors fail to change the sig-
nificant reduction in the risk of lung cancer among COPD
patients taking ICS (Table 2). We fail to pool HRs for RCT's
because a single study was eligible for this analysis, and the
effect was not significant.

Some studies had data for smoking and adjusted it for
analysis, while others have no data. We dichotomize smok-
ing status adjusted (if adjusted in analysis or all partici-
pants were nonsmokers) and not adjusted (if the study
lacks data or unadjusted during analysis). In both cases,
there is a significant risk reduction, and adjustment for
smoking resulted in a greater reduction of 36% (vs. 28%).
Subgroup analysis based on adjustment for smoking is
given in Figure 3.

Cohort studies reported greater significant reduction in
risk, than case control studies, 32% and 26%, respectively,
with moderate heterogeneity in cohort studies. A single
RCT included in this analysis insignificant result. Continent
wise, researches conducted in Europe had pronounced risk
reduction than elsewhere. There was also significant risk
reduction in Asia and America (USA and Canada) with
28% and 23%, respectively, although lower than the Euro-
pean studies.

The latency period is the period between the entrance
to follow-up and the development of lung cancer. A one-
year latency period was allowed in some studies, and we
performed a subgroup analysis to test if the latency period
had affected the outcome. As we can see in Table 2, there
is a significance risk reduction in both cases. Allowance of
at least 1-year latency period had lower reduction with
HR=0.78 (95% CI 0.63-0.94), p value < 0.001. Without
latency period, risk reduction was higher (HR=0.61
(95% CI 0.47-0.76), p value < 0.001). Forest plots for sub-
group meta-analysis based on study deign, continent of
the study, and latency period are shown in the supplemen-
tary material, supplementary figures 1A-C, respectively.

We also conducted a metaregression analysis to identify
covariates affecting the outcome. Metaregression was under-
taken on study design, continent, smoking adjustment, and
latency period; the result showed none of them were signif-
icant covariates. Metaregression analysis results are given
in Table 3.
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FiGurg 1: PRISMA flow diagram of study selection to estimate HR for risk of lung cancer among COPD patients taking ICS and controls.

3.4. Publication Bias. The visual inspection of the funnel
plot, Figure 4, shows no asymmetry, and Egger’s regression
test was insignificant (p value = 0.476). Sensitivity analysis
was performed by sequential elimination of each study from
the pool, and there was single study affecting the finding,
indicated in the supplementary material (Supplementary
figure 2 and table S2).

4. Discussion

This systematic review and meta-analysis pooled the risk of
lung cancer in COPD patients with and without ICS use.
We found that ICS use in COPD patients confers up to
31% (95% CI 21%-41%) significant risk reduction. The evi-
dence was synthesized from observational and interven-
tional studies (cohort, case-control, and RCTs). Although it
is well established that COPD is an independent risk factor
for lung cancer, the mechanism by which ICS use could
reduce the risk is not well understood and more studies are
being conducted.

Chronic inflammation is in the first line of proposed
mechanisms. Thomsen et al. [31] measured inflammatory
markers like CRP, fibrinogen, and leukocyte count. When
markers were elevated, the HR for lung cancer was increased
fourfold, HR = 4.00 (95% CI 2.12-7.54). Chronic inflamma-
tion increases emphysema-like alveolar space enlargement

promoting smoke carcinogen-induced tumorigenesis [32].
The other proposed mechanism is the alteration in redox
balance. Greater levels of radical oxygen species production
beyond the normal scavenging capacity of the body’s antiox-
idant system cause peroxidation of membrane phospho-
lipids, modification of nuclear DNA, and alteration of
proteins [15]. ICS for COPD decreased inflammatory
responses [33, 34], though there are still contrary findings
[35] regarding the alleviation of inflammation.

The capability of inflammatory cells to produce arachi-
donic acid metabolites was decreased after fluticasone inha-
lational treatment [36]; inhalational budesonide for 6
months reduced the percentage of neutrophils and IL-8 con-
centration in Broncho-alveolar lavage [37]. A meta-analysis
conducted on the immune-regulatory function of ICS [38]
provided evidence of reduced neutrophil and lymphocyte
count and a significant increase in macrophages. This
explains the beneficial effects on exacerbation and increasing
the risk of pneumonia in these patients. More importantly,
the risk of lung cancer could be reduced along with the
reduction of chronic inflammation and redox imbalance.

This meta-analysis showed ICS treatment has reduced
the risk of lung cancer. The risk reduction was independent
of study design (more clinical trials should be conducted to
estimate the risk in RCTs), smoking adjustment, or latency
period. In observational studies, both cohort and case-
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ICS use in COPD patients and the risk of lung cancer

Author

Effect (95% CI)

%
Weight

Parimon et al. 2007(2)
Husebo et al. 2019
Lin et al. 2019

Liu et al. 2007

Kiri et al. 2008

Sandelin et al. 2018
Raymekers et al. 2009
Pauwels et al. 1999
Lee et al. 2018

Lee et al. 2013
Wuetal. 2016

Suissa et al. 2019

Sorli et al. 2018
Parimon et al. 2007

Overall, DL (I2 = 61.2%, p = 0.001)

T T
-2.00 0.00

NOTE: Weights are from random-effects model

e 0.39 (0.16, 0.96)
N 0.40 (0.17, 0.93)
|
— 0.43 (0.20, 0.92)
|
R 0.45 (0.21, 0.96)
|
e 0.50 (0.27, 0.90)
|
—— 0.52 (0.37,0.73)
|
1
+ 0.70 (0.61, 0.80)
T
» 0.71 (0.27, 1.85)
1
- 0.74 (0.57, 0.96)
|
E_._ 0.79 (0.69, 0.90)
|
Ll 0.88 (0.67, 1.14)
|
i Lo 0.94 (0.81, 1.07)
|
T 0.97 (0.61, 1.54)
I 1.13 (0.63, 1.90)
|
<> 0.69 (0.59, 0.79)
1
2.00

4.47
4.80
5.16
4.89
6.12

10.30
13.54
1.46

9.74

13.19

12.25

3.58
2.15

100.00

F1GURE 2: Forest plot of pooled HR of ICS use in COPD patients and the risk of lung cancer.

TABLE 2: Subgroup analysis of the pooled HR of ICS use in COPD patients and the risk of lung cancer.

Subgroup

Number of studies

HR (95% CI)

Z (p value)

I (p value)

Total
Design
Cohort
Case control
RCT
Continent
Europe
America
Asia
Smoking
Adjusted
Not adjusted
Latency period
Yes
No

14

10
3

0.69 (0.59-0.79)

0.68 (0.54-0.82)
0.74 (0.61-0.86)
0.71 (-0.08-1.50)

0.55 (0.41-0.69)
0.77 (0.55-0.99)
0.72 (0.59-0.86)

0.64 (0.45-0.84)
0.72 (0.60-0.84)

0.78 (0.63-0.94)
0.61 (0.47-0.76)

13.56 (<0.001)

9.31 (<0.001)
11.36 (<0.001)
1.76 (0.078)

7.67 (<0.001)
6.97 (<0.001)
10.70 (<0.001)

6.38 (<0.001)
11.76 (<0.001)

10.12 (<0.001)
8.25 (<0.001)

62.1% (0.001)

70.2 (0.<001)
32.6% (0.23)

2.2% (0.39)
77.5% (<0.001)
44.5% (0.13)

44.4% (0.11)
69.3% (<0.001)

64.6% (0.01)
57.96% (0.02)

control, a significant risk reduction was observed. However,
the results of RCTs were not pooled because of insufficient
eligible studies. Adjustment for smoking still provided sig-
nificant risk reduction, but in comparison with unadjusted
risk, the risk reduction was greater.

Incorporating a latency period in the analysis of primary
studies was an important component of reducing time-

related bias. An incident case that occurred within days of
the entrance to follow-up will not indicate the effect of treat-
ment. Since lung cancer is diagnosed at the advanced stage,
it is likely to have been present prior to the clinical diagnosis.
This has been the source of variation in different reports.
Given the biology of tumor growth in lung cancer, a year
latency period was applied in some studies [39]. Subgroup
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Subgroup and author Effect (95% CI) Wz)ght
Adjusted for smoking
Parimon et al. 2007(2) —0—:— 0.39 (0.16, 0.96) 4.47
Husebo et al. 2019 S 0.40 (0.17, 0.93) 4.80
Kiri et al. 2008 —0—%— 0.50 (0.27, 0.90) 6.12
Lee etal. 2018 —éo— 0.74 (0.57, 0.96) 9.74
Sorli et al. 2018 e 0.97 (0.61, 1.54) 3.58
Parimon et al. 2007 i——o— 1.13 (0.63, 1.90) 2.15
Subgroup, DL (I2 = 44.4%, p = 0.110) < 0.64 (0.45, 0.84) 30.85
Not adjusted for smoking i
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FIGURE 3: HR of the risk of lung cancer subgrouped by adjustment for smoking status of patients.

TaBLE 3: Metaregression analysis of possible covariates for lung
cancer risk.

Variable Coefficients p value
1 Study design 0.100 0.358
2 Continents -0.047 0.575
3 Smoking status 0.180 0.051
4 Latency period -0.27 0.213

analysis conducted with latency period also indicated the
importance of this variable. Although it did not affect the
significance of ICS, the magnitude of reduction was different
(22% for studies with a latency period versus 39% lung can-
cer diagnosis without latency period). This difference is high,
and it is important to consider latency period in future
investigations.

Although this study provided comprehensive evidence
from good quality literature (quality of studies indicated
tables S1A-C), the findings of this study should be
interpreted curiously. First, because of inconsistent reporting
and unable to pool it, the dose of ICS was not analyzed. The
dose of ICS is an important factor in the survival or risk of
other comorbidities among COPD patients [30, 40]. Second,
the diagnosis of COPD in the included studies is worth
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FIGURE 4: Funnel plot for detection of publication bias.

mentioning. Asthma might have played an important
confounding factor that affects several observational studies
of ICS effectiveness [41]. Among patients recruited for the
follow-up, some might have asthma, and others might have
asthma-COPD overlap. Patients with asthma are more likely
to receive ICS and less likely to develop lung cancer. The
residual confounding of asthma cannot be ruled out. Besides
asthma, other possible risk factors [42] of lung cancer
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including interstitial lung disease were not evaluated and
adjusted in most of the original literature; the presence of
such comorbidities is likely to affect the development of lung
cancer.

5. Conclusion

The use of ICS in COPD patients reduced the risk of lung
cancer. The risk reduction was independent of smoking sta-
tus and latency period. Future studies should focus on the
optimum dose and controlling confounders like asthma.
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