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Abstract

Background: To systematically review studies on inhaled corticosteroids (ICS) and lung 
cancer incidence in chronic airway disease patients. 
Methods: We conducted electronic bibliographic searches on OVID-MEDLINE, EM-
BASE, and the Cochrane Database before May 2020 to identify relevant studies. De-
tailed data on the study population, exposure, and outcome domains were reviewed.
Results: Of 4,058 screened publications, 13 eligible studies in adults with chronic ob-
structive pulmonary disease (COPD) or asthma evaluated lung cancer incidence after 
ICS exposure. Pooled hazard ratio and odds ratio for developing lung cancer in ICS 
exposure were 0.81 (95% confidence interval, 0.64 to 1.02; I2=95.7%) from 10 studies 
and 1.02 (95% confidence interval 0.50 to 2.07; I2=94.7%) from three studies. Meta-re-
gression failed to explain the substantial heterogeneity of pooled estimates. COPD and 
asthma were variously defined without spirometry in 11 studies. Regarding exposure 
assessment, three and 10 studies regarded ICS exposure as a time-dependent and 
fixed variable, respectively. Some studies assessed ICS use for the entire study period, 
whereas others assessed ICS use for 6 months to 2 years within or before study entry. 
Smoking was adjusted in four studies, and only four studies introduced 1 to 2 latency 
years in their main or subgroup analysis.
Conclusion: Studies published to date on ICS and lung cancer incidence had hetero-
geneous study populations, exposures, and outcome assessments, limiting the gen-
eration of a pooled conclusion. The beneficial effect of ICS on lung cancer incidence 
has not yet been established, and understanding the heterogeneities will help future 
researchers to establish robust evidence on ICS and lung cancer incidence.

Keywords: Asthma; Pulmonary Disease, Chronic Obstructive; Lung Neoplasms; Ste-
roids; Review Literature as Topic

Introduction

Inhaled corticosteroids (ICSs) are milestones in the 
pharmaceutical treatment of chronic airway diseases. 
According to asthma treatment guidelines, ICSs are 
recommended as essential agents for asthma control1. 
The use of ICSs in patients with chronic obstructive 

pulmonary disease (COPD) has also been evaluated 
over the past decade2, and they reduced acute exac-
erbation and improved lung function and quality of life 
when combined with inhaled bronchodilators in pa-
tients with severe COPD3. ICSs reduce airway inflam-
mation, especially eosinophilic inflammation4.

Studies have reported that the use of ICS may reduce 
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the risk of lung cancer in airway diseases5. These find-
ings are promising; however, further considerations are 
needed before accepting the results from the following 
points of view. Most studies were not randomized con-
trolled trials, and the criteria for the study population, 
exposure, and outcome measures varied. Recently, two 
similar studies meta-analyzed the outcomes of relevant 
publications and concluded that ICS reduced the oc-
currence of lung cancer6,7. However, a meta-analysis 
can only be applied when relevant publications are 
sufficiently homogeneous in the patients, intervention, 
comparators, and outcomes (PICO) domain of relevant 
studies. When candidate publications for pooling are 
substantially heterogeneous, a mathematical pooling 
of outcomes can misguide conclusions. Thus, this 
study aimed to systematically review original studies on 
ICS and lung cancer incidence in patients with chronic 
airway diseases, along with provisional pooling, and 
propose potential standards to be applied to future rel-
evant research.

Materials and Methods 

This systematic review was performed in compliance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guideline8. 
The study protocol was registered in the Internation-
al Prospective Register of Systematic Reviews (ID: 
CRD42019142541). This meta-analysis handled data 
extracted from relevant published studies and did not 
require Institutional Review Board approval.

1. Search strategy
We searched the OVID-MEDLINE, EMBASE databas-

es, and Cochrane Database of Systematic Reviews to 
identify relevant original publications dealing with the 
protective effect of inhaled (keywords: aerosol, nebuliz-
er, inhalation, or with spacer) corticosteroids (keywords: 
corticosteroid or glucocorticoid or beclomethasone or 
betamethasone or budesonide or clobetasol or dexa-
methasone or fluprednisolone or methylprednisolone 
or triamcinolone) on lung cancer incidence (keywords: 
lung cancer) in patients with obstructive airway diseas-
es (keywords: COPD or emphysema or asthma). The 
initial search was conducted on June 18, 2019, limited 
to English publications, and was updated on May 26, 
2020. The authors reviewed the literature to supple-
ment the search strategy of this study.

2. Study selection
Two authors independently screened the search re-
sults by title and abstract and subsequently reviewed 
the full-text articles using the following eligibility crite-
ria: (1) adult study population with COPD or asthma; (2) 
studies or subsets evaluating lung cancer incidence 
after ICS exposure compared to those not exposed to 
ICS; and (3) data described in sufficient detail to extract 
outcomes as the odds ratio (OR) or hazard ratio (HR). 
We included either prospective or retrospective ran-
domized controlled trials, observational cohort studies, 
or case-control studies. Case reports, review articles, 
guidelines, phantom studies, animal studies, letters, 
editorials, and abstracts were excluded. Any discrepan-
cies between the authors were resolved by consensus.

3. Data extraction and quality assessment
Two authors independently extracted data from the 
included studies using a standardized Excel form. The 

4,058 Articles identified
from MEDLINE and EMBASE

3,883 Abstracts screened

251 Full-texts assessed for eligibility

13 Articles included in analysis

175 Duplicates excluded

238 Excluded with reasons
205 No interest outcome
15 Wrong intervention
11 Not available in English
3 Case reports
2 Review articles
2 Full-texts unavailable

Figure 1. Flow diagram for study selection.
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following data were extracted: (1) study characteristics; 
(2) demographic characteristics of the study popula-
tion; (3) information about how to define ICS users and 
steroid doses; and (4) outcome information, including 
the mean or median follow-up period of observation 
and lung cancer incidence in patients depending on 
ICS exposure.

The Newcastle-Ottawa Quality Scale for cohort 
studies was used to assess the quality of the included 
studies9. The scale comprises a maximum of 4 points 
for the selection domain, 2 points for the comparabil-
ity domain, and 3 points for the exposure or outcome 
domain. Scores of 7 or higher and 5–6 indicated 
high-quality and moderate-quality studies, respective-
ly10. Two reviewers independently reviewed the studies, 
and any discrepancies were resolved through discus-
sion.

4. Meta-analysis
A meta-analysis was performed using the random-ef-
fects model, and the analysis was conducted sepa-
rately by effect measures of HR and OR. Heterogeneity 
across the studies was assessed with the I2 statistic, 
and a meta-regression explored sources of heteroge-

neity. For the HR, which was reported in 10 publica-
tions, subgroup analyses were carried out according 
to indication (asthma vs. COPD), and lengths of the 
latency period to observe outcome (short- vs. long-
term period), and region of studies (Asia vs. non-Asia). 
The latency period was dichotomized as a short-term 
period shorter than 1 year versus a long-term period of 
1 year or longer in studies that considered the latency 
between ICS exposure and lung cancer occurrence. 
In addition, the impact of ICS dose was examined by 
dichotomizing the dose into low-dose versus high-dose 
in studies that reported lung cancer occurrence de-
pending upon the ICS dose.

Publication bias was examined using funnel plots and 
Egger’s test, and the analysis was done using metafor 
packages in R version 4.1.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

1. Literature search
Our search initially identified 4,058 publications. Of 
these references, 13 studies were finally included in 
our analysis (Figure 1). Among them, 10 studies report-

Author, yr

Kok, 2015

Wang, 2018

Lee, 2018

Liu, 2017

Parimon, 2007

Sandelin, 2018

Sorli, 2018

Suissa, 2019

Raymakers, 2019

Husebo, 2019

RE model

Country

Taiwan

Taiwan

Korea

Taiwan

USA

Sweden

Norway

Canada

Canada

Norway

Indication

Asthma

Asthma

COPD

COPD

COPD

COPD

COPD

COPD

COPD

COPD

Long-term effect

All

Long

All

All

All

All

Long

Long

Long

Unknown

Female (%)

53.9

52.4

22.5

100.0

3.0

52.5

44.5

47.5

53.4

42.6

2.23 [1.31, 3.79]

0.53 [0.29, 0.98]

0.74 [0.57, 0.96]

0.71 [0.46, 1.10]

0.96 [0.93, 1.00]

0.52 [0.37, 0.73]

0.97 [0.61, 1.54]

1.01 [0.94, 1.08]

0.70 [0.61, 0.80]

0.40 [0.17, 0.94]

ICS use
HR (95% CI)

I =95.7%
2

0.81 [0.64, 1.02]

0.95 [0.61, 1.47]

1.13 [0.67, 1.90]

0.91 [0.85, 0.98]

Low dose*
HR (95% CI)

I =0.0%
2

0.91 [0.85, 0.98]

0.45 [0.21, 0.96]

0.39 [0.16, 0.96]

1.32 [1.20, 1.46]

High dose*
HR (95% CI)

I =82.6%
2

0.67 [0.30, 1.54]

Figure 2. Forest plot in studies assessing the hazard ratio (HR) of inhaled corticosteroid (ICS) exposure. *The threshold 
for dichotomizing as low-dose versus high-dose was 500 μg fluticasone equivalents. CI: confidence interval; COPD: 
chronic obstructive pulmonary disease; RE: random effect. 

Author, yr

Kiri, 2009

Jian, 2015

Lee, 2013

RE model

Country

Europe

Taiwan

Korea

Indication

COPD

COPD or Asthma

COPD or Asthma

Long-term
effect

All

Short

Short

Female (%)

35.6

12.6

31.8

0.64 [0.42, 0.98]

2.09 [1.52, 2.88]

0.79 [0.69, 0.90]

ICS use
OR (95% CI)

I =94.7%
2

1.02 [0.50, 2.07]

Low dose*
R (95% CI)O

I =86.1%
2

1.40 [0.60, 3.25]

0.88 [0.51, 1.52]

2.09 [1.52, 2.88]

High dose*
R (95% CI)O

I =94.1%
2

0.99 [0.28, 3.57]

0.51 [0.30, 0.85]

1.88 [1.32, 2.67]

Figure 3. Forest plot in studies assessing the odds ratio (OR) of inhaled corticosteroid (ICS) exposure. *The threshold for 
dichotomizing as low-dose versus high-dose was 500 ug fluticasone equivalents. CI: confidence interval; COPD: chronic 
obstructive pulmonary disease; RE: random effect.
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ed HRs for COPD and asthma depending on ICS expo-
sure, whereas the other three studies reported ORs. 

2. Baseline study characteristics
The median number and age of the study population 
in the included studies were 13,686 (range, 712 to 
63,276) and 64 years (range, 41 to 72), respectively 
(Table 1). Nine of the studies were cohort studies, and 
the remaining four were nested case-control studies. 
Seven and six studies were conducted in Western and 
Eastern countries, respectively. The study population 
was recruited mostly between the 1990s and the 2000s 
in a retrospective manner. Nine studies were based on 
national or provincial administrative data, three on mul-

tiple hospitals, and one on a sample cohort of national 
administrative data. Four Taiwanese studies used the 
same data source, with different recruitment periods 
and eligibility criteria. The median male proportion of 
the study population was 47%; however, it varied widely 
from 0% to 97% across the studies. Most studies could 
not obtain the smoking history of the study population, 
and even in studies with available smoking information, 
the proportion of current smokers was heterogeneous 
across studies. Four of 13 studies were regarded as 
high-quality studies based on the Newcastle-Ottawa 
Quality Scale, whereas the other showed low quality 
(Supplementary Table S1). 

Table 2. Subgroup analysis and meta-regression in assessing the hazard ratio 

Variable
Subgroup analysis Meta-regression 

No. of studies HR (95% CI) I2* p-value I2†

Indication 0.1704 93.8%

   Asthma 2 1.10 (0.27–4.48) 91.6%

   Chronic obstructive pulmonary 
      disease

8 0.78 (0.65–0.93) 92.0%

Lengths of latency period‡ 0.3564 86.8%

   All (short+long) 5 0.88 (0.57–1.36) 92.9%

   Long 4 0.82 (0.63–1.06) 85.4%

   Unknown 1 0.40 (0.17–0.94) -

Region 0.6054 95.1%

   Asia 4 0.88 (0.49–1.60) 86.3% 

   Non-Asia 6 0.78 (0.62–1.00) 95.7%

*Heterogeneity within each subgroup. †Percentage of residual heterogeneity among the unaccounted variance. ‡The latency period 
was dichotomized as a short-term period shorter than 1 year versus a long-term period 1 year longer in studies that considered the 
latency between inhaled corticosteroid exposure and lung cancer occurrence.
HR: hazard ratio; CI: confidence interval.

Author, yr

Subgroup analysis

Asthma (n=2)

COPD (n=8)

COPD, long-term effect (n=3)

COPD, all (short/long-term)* effect (n=4)

COPD, all (short/long-term)* effect, Asia (n=2)

COPD, all (short/long-term)* effect, non-Asia (n=2)

Country Indication
Long-term

effect Female (%)

I =91.6%

I =92.0%

I =88.3%

I =79.8%

I =0.0%

I =91.9%

2

2

2

2

2

2

ICS use
HR (95% CI)

1.10 [0.27, 4.48]

0.78 [0.65, 0.93]

0.87 [0.67, 1.13]

0.74 [0.57, 0.97]

0.73 [0.59, 0.92]

0.72 [0.40, 1.32]

410.250.05

Hazard ratio (log scale)

Figure 4. Forest plot of subgroup analysis according to inhaled corticosteroid (ICS) indication, outcome interval, and 
continents. *The latency period was dichotomized as a short-term period shorter than 1 year versus a long-term period 1 
year longer in studies that considered the latency between ICS exposure and lung cancer occurrence. HR: hazard ratio; 
CI: confidence interval; COPD: chronic obstructive pulmonary disease.
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3. Meta-analysis
The pooled HR for developing lung cancer in ICS expo-
sure from 10 studies was 0.81 (95% confidence inter-
val [CI], 0.64 to 1.02; I2=95.7%) (Figure 2). The pooled 
OR from three studies was 1.02 (95% CI, 0.50 to 2.07; 
I2=94.7%) (Figure 3). The pooled HR for low-dose ICS 
was 0.91 (95% CI, 0.85 to 0.98) (Figure 2), and the re-
sults were not significantly different between the three 
studies (I2=0.0%), but for high-dose ICS, the pooled HR 
was 0.67 (95% CI, 0.30 to 1.54) and the results were 
significantly heterogeneous between the three studies 
(I2=82.6%). 

Subgroup analyses (Table 2, Figure 4) showed that 
the estimated pooled HR from two asthma studies 
was 1.10 (95% CI, 0.27 to 4.48), and the heterogene-
ity between the two studies was considerable, with 
I2=91.6%. The pooled HR from eight COPD studies was 
0.78 (95% CI, 0.65 to 0.93), and the heterogeneity be-
tween the studies was also substantial, with I2=92.0%. 
Meanwhile, as a result of meta-regression evaluating 
the difference in HR according to the indication sub-
group (Table 2), there was no statistically significant 
difference as p=0.1704, and the heterogeneity was not 
unexplained by indications. There was also no statis-
tically significant difference in the analysis results ac-
cording to the outcome interval or the study region.

There was no obvious publication bias based on the 
funnel plot (Supplementary Figure S1) and Egger test 
(p=0.4777) in the studies assessing the HR of ICS expo-
sure.

4. Eligibility criteria
Of the 13 studies, eight studies targeted COPD and 
two studies targeted asthma exclusively, whereas the 
others targeted both COPD and asthma (Table 3). The 
eligibility criteria for the study population varied across 
the studies. Some of the studies applied a minimum 
age varying from 20 to 50 years, while others did not. 
Most of the included studies enrolled patients with a 
new diagnosis or new ICS users, but spirometry was 
used in only two of the studies to include patients with 
targeted lung disease. Therefore, prescription-based, 
International Classification of Diseases (ICD) diagno-
sis code-based, physician-driven, or patient-alleged 
diagnoses have been heterogeneously applied. The 
minimum requisite number for diagnosis or prescrip-
tion also varied from once to thrice during a varying 
pre-enrollment or study period from 3 months to 1 year. 
The exclusion criteria mainly included patients with 
previous lung or any cancers, former ICS use, asthma, 
and a short follow-up period. Patients with previous 
lung or any cancers were consistently excluded from 
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the included studies, but those with former ICS use, 
asthma, and a short follow-up period were handled het-
erogeneously.

5. Exposure assessment
Three studies11-13 regarded ICS exposure as a time-de-
pendent variable, whereas the other 10 studies5,14-22 
regarded ICS exposure as a fixed variable (Table 4). 
The median proportion of ICS users was 30% ranging 
from 5% to 71%. The 10 studies applied different fre-
quencies and durations for defining ICS users. Controls 
were never-ICS users in some studies20,21, while they 
were both irregular ICS users and never-ICS users in 
other studies5,15,16,19,22. Regarding the period of ICS use, 
some studies assessed ICS use for the entire study pe-
riod, whereas others assessed ICS use for 6 months to 
2 years within or before study entry. The top three ICS 
drugs for assessing ICS use were beclomethasone, 
budesonide, and fluticasone; however, other ICS drugs 
were also included. Some of the studies provided the 
median daily or cumulative dose of fluticasone equiv-
alents, which were approximately 500 µg and 39,480–
90,000 µg, respectively.

6. Outcome assessment 
The median cancer incidence and follow-up periods 
were 4% and 3.9 years, respectively, although five stud-
ies did not provide a median follow-up period of the 
study population (Table 5). Among ICS users compared 
to controls, 12 studies assessed the hazard risk for 
lung cancer development, and two studies assessed 
the OR. Nine studies found an association between ICS 
use and reduced development of lung cancer, whereas 
four studies did not find such an association. Adjusted 
confounders were heterogeneous across the studies, 
and smoking was adjusted in four of the 13 studies. 
Only four studies introduced 1 to 2 latency years in 
their main or subgroup analysis, assuming that ICS 
can be biologically effective in preventing lung cancer 
development at least 1 to 2 years before the establish-
ment of a lung cancer diagnosis. In addition, only four 
studies avoided immortal time bias by not allocating 
the unexposed period to ICS as the exposure period.

Discussion

This critical systematic review highlighted the extreme 
heterogeneity of studies on the protective effects of 
ICS against lung cancer development. We provisionally 
meta-analyzed HRs and ORs for developing lung can-
cer in ICS exposure: the pooled HR, 0.81 (95% CI, 0.64 
to 1.02; I2=95.7%); the pooled OR, 1.02 (95% CI, 0.50 to 

2.07; I2=94.7%). The protective effect of ICS was incon-
sistent between HR and OR, and the pooled HR and 
OR both had substantial heterogeneity that potential 
sources of heterogeneities could not explain on me-
ta-regression. This heterogeneity cannot be handled 
beyond mathematical pooling using a random-effects 
model, as heterogeneity exists in all domains, includ-
ing study characteristics, eligibility criteria, exposures, 
and outcome assessments. Further, we would like to 
discuss how these heterogeneities were observed in 
the studies included in the analysis and how they can 
affect the study outcome.

First, the eligibility criteria for selecting the study 
population varied across studies. In addition, smoking 
is the most influential carcinogen for the development 
of lung cancer23 but was not adjusted in a considerable 
proportion of the studies11-13,15,17,20,22. Lung cancer gen-
erally develops after 40 years; however, five studies in-
cluded patients aged <40 years15,17,19,21,22. In particular, 
it was different for each study whether it included only 
newly diagnosed airway diseases/new ICS users and 
whether it enrolled all patients with airway diseases 
using ICS without any restrictions. Assuming that the 
duration of the disease and the period of exposure to 
the medication affect the incidence of lung cancer, the 
effects may be underestimated or overestimated if the 
degree of exposure is not accurately measured. There-
fore, to obtain proper outcomes, the treatment duration 
from personal first ICS should be defined as exposure 
only for patients who were diagnosed with airway dis-
eases for the first time.

Second, the studies assessed the degree of ICS 
exposure differently. Some studies assessed ICS ex-
posure during the entire study period, whereas others 
assessed ICS exposure in a limited time window before 
or during the study period. While there have been stud-
ies that simply used the absolute dose as the criterion 
for ICS use, there have also been studies that applied 
weights for the duration of ICS use. In principle, the ICS 
dose with weights for the duration could quantify ICS 
exposure to each patient more accurately than the ab-
solute dose. In addition, the confirmation of actual ICS 
use showed various aspects. Most studies identified 
the regular use of ICS, but some studies only checked 
prescription records, which can affect the results of the 
analysis.

Finally, in terms of the outcome measure, the latency 
period from the initiation of observation is varyingly ap-
plied across studies. Some studies have placed a laten-
cy period of 1 to 2 years, while other lack this period. 
Considering the process of lung cancer development, it 
is challenging to prove the causality of the occurrence 
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of lung cancer immediately after a short exposure pe-
riod. Therefore, ensuring a minimum latency period is 
essential. There were significant differences in the inci-
dence rate of lung cancer between the studies, which 
could be biased. In addition, it was observed that the 
highest risk factor was not properly controlled because 
smoking history was not included as an adjusted con-
founder due to the methodological limitations of the 
study.

The mechanism of action of ICS in the development 
of lung cancer has not been clearly described. Al-
though chronic airway inflammatory diseases, includ-
ing COPD and lung cancer, affect the lungs distinctly, 
airflow obstruction in COPD has been reported as a 
risk factor for lung cancer independent of smoking24-28. 
Both programmed aging and non-programmed death 
are presumed to be key common mechanisms in de-
veloping lung cancer and COPD29-31. Several genetic 
factors have been reported to be commonly involved 
in COPD and lung cancer32-34. From the acquired per-
spective, the hypothesis that specific inflammatory mi-
croenvironments expressed in chronic airway diseases 
form the lung cancer-prone condition is the most con-
vincing. Specifically, the Th1 inflammatory microenvi-
ronment promotes the generation of reactive oxygen 
species35 and activates transcription factors such as 
nuclear factor kappa B (NF-κB) and activator protein 
1 (AP-1)36, leading to carcinogenesis. In addition, the 
increased secretion of myeloperoxidase (MPO), neu-
trophil elastase, and matric metallopeptidase 9 (MMP9) 
induced by interleukin 17 provides an environment for 
promoting tumor growth37,38. Although ICS has a major 
effect on controlling Th2 inflammation, it can be esti-
mated that the role of ICS in regulating the inflammato-
ry process may inhibit carcinogenesis.

In conclusion, studies published to date on ICS and 
lung cancer incidence had heterogeneous study pop-
ulations, study designs, exposure definitions, and out-
come assessments to generate a pooled conclusion. 
Understanding these heterogeneities will help future 
researchers establish robust evidence of ICS and lung 
cancer incidence.
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