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Original Article

Inhaled corticosteroids may prevent
lung cancer in asthma patients

I-Jen Wang'?3, Wen-Miin Liang*, Trong-Neng Wu?, Wilfried J. J. Karmauss®,
Jiin-Chyr Hsu’

Abstract:

BACKGROUND: It is unclear whether inhaled corticosteroids (ICS) have chemopreventive effect
on lung cancer (LC) development in humans. We investigated the association between the ICS use
in asthma patients and the risk of LC.

METHODS: We conducted a nationwide, population-based retrospective cohort study using the
National Health Insurance database. We identified 4210 asthmatics who were initially free of LC
and regularly used ICS between 2001 and 2005 and 37,228 asthmatics without regular ICS use.
Patients with documented history of tobacco use were excluded from the analyses. Asthmatics were
categorized into a mild and a severe asthma group. Each patient was tracked until the end of 2010
to identify incident cases of LC. Cox proportional hazards models were used to evaluate the effect
of ICS on the risk of LC, further stratifying by asthma severity and comorbidities.

RESULTS: During follow-up, we identified 747 incident cases of LC diagnosed in the asthma cohort.
Compared with severe asthmatics without regular ICS use, the risk of LC for those with mild asthma
with regular ICS use was lower (adjusted hazard ratio = 0.42, 95% confidence interval = 0.31-0.56,
P <0.0001). The risk of LC was calculated among the following rankings of risk severe asthma without
regular ICS use, low severity without regular ICS, high severity with regular ICS, and low severity
with regular ICS group showed a decreasing trend of LC incidence (P = 0.041). Analyses stratified
by comorbidities revealed that the protective effect of ICS was assessed with better precision and
more pronounced in those with renal diseases, stroke, and hyperlipidemia.

CONCLUSIONS: For patients with asthma, regular ICS use might have a protective effect against LC.
Further studies are required to assess this potential association from both immunohistopathological
and clinical aspects.
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sthma is a substantial burden for

individuals and families and often is a
lifetime illness. Being a chronic inflammatory
disorder of the respiratory system with
long-lasting chronic inflammation, it may
increase the risk of lung cancer (LC) or
promote the genesis of cancer.!'! Previous
reports have suggested that asthma is
associated with an increased risk of LC
in population-based cohort studies.* In
addition, atopic constitution, including
different manifestations of allergy and asthma,
is a possible risk factor for LC, particularly
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in never-smokers./! Recent human studies
have also demonstrated that asthmatics are
at high risk of developing LC through chronic
inflammation (the antigenic stimulation
theory).l'”#! Given the high prevalence of
asthma and incidence of LC, this association
has important public health implications.

Worldwide, LC accounts for 17% of all
new cancer cases and 23% of total cancer
deaths, and it is the leading cause of
cancer death.’’ Despite improvements
in traditional therapies such as surgery,
radiation, and chemotherapy, the current
5-year survival rate of LC is only 15%.0% Tt
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has been considered that this is related to the observation
that the majority of LC patients present with late-stage
disease."! Therefore, additional strategies and prevention
programs to reduce the burden of LC are required, and
a promising approach is chemoprevention.

Chemoprevention is an intervention using natural or
synthetic compounds before the onset of cancer or in
the early precancerous stages of carcinogenesis. It aims
to prevent, arrest, or reverse either the initiation phase
of carcinogenesis or the progression of neoplastic cells
to cancer. Since chemoprevention targets healthy people
at high risk of developing LC, efficacy and safety are
two key criteria for the selection of chemopreventive
agents.[

Regarding inhaled corticosteroids (ICS), compared to other
means of administration, aerosol delivery has distinct
advantages as it provides a direct route of delivery to the
lungs and it has been used successfully to treat asthma
for decades. Although ICS are associated with adverse
effects such as oral candidiasis, dysphonia, osteoporosis,
reduction in growth velocity, and cataracts, ICS have been
proven to be safe even with long-term use.™ Given
that chronic inflammation has been implicated in the
pathogenesis of LC, inhaled budesonide (a corticosteroid)
was reported to be effective for a chemopreventive
effect on lung carcinogenesis in mice. ICS have
been reported to inhibit all stages of progression from
hyperplasia formation of the lung to LC in mice without
systemic toxicity and in transgenic mice treated with
benzo[a] pyrene.!’>l However, whether ICS have a
chemopreventive effect on LC in humans remains unclear.
In addition, approaches to identify individuals who
benefit the most from ICS interventions are still lacking.
Therefore, aims of this study were first to examine the
association between ICS use in asthmatics and the risk
of LC in a nationwide dataset and second to test whether
clinical subpopulations with other comorbidities are less
or more likely to benefit from ICS chemoprevention.

Methods

Data source

Data were obtained from the National Health Insurance
Research Database (NHIRD) released by the National
Health Research Institutes in Taiwan. Taiwan began its
National Health Insurance program in 1995 to finance
health care for all residents. The coverage rate was >99%
of the total population of about 23 million residents in
2012. The database includes comprehensive information
on insured individuals, such as demographic data,
dates of clinical visits, diagnostic codes, details of
prescriptions, and expenditure amounts. The current
study was approved by the Institutional Review Board
of the Hospital (THIRB-10-13).

Study design

We conducted a population-based retrospective cohort
study using the National health insurance research
database (NHIRD). People aged =40 years who were
first diagnosed with asthma (International Classification
of Disease 9" edition, Clinical Modification [ICD-9-CM]
code 493) between 2001 and 2005 and initially free
of LC were enrolled in this study. We excluded
patients <40 years of age since the risk of LC was
minimal in this group and the time window of follow-up
(maximal 2001-2010) would not allow sufficient
follow-up time. We excluded patients older than 70 years
of age since the new occurrence of asthma is very low
in this group. At least one of the following criteria
had to be met for inclusion: (1) one or more inpatient
admissions with a diagnosis of asthma, or (2) three or
more outpatient visits within a 3-month period, each
with a diagnosis of asthma. This index date represents
the date when asthma was first diagnosed. Patients with
a history of tobacco use (ICD-9-CM codes V15.82) and
current tobacco use (ICD-9-CM codes 305.1) were also
excluded to reduce the confounding effect of smoking
on LC risk."”l We followed all patients until the first
diagnosis of LC, withdrawal from the National Health
Insurance program, or until the end of 2010. Each patient
was observed for a minimum of 2 years and a maximum
of 9 years. Patients who developed LC within the first
2 years of the index day were excluded. Patients with a
prescription of ICS prior to the first diagnosis of asthma
were also excluded from this study.

Exposure to inhaled corticosteroids

The duration of steroid use and the formulations
(inhaler, tablet, or injection) were recorded for each patient
over the entire follow-up period. Exposure to ICS was
determined by prescription of inhaled beclomethasone,
fluticasone, budesonide, triamcinolone, and flunisolide.

The asthma cohort consisted of two subcohorts:
those who regularly received prescription of steroid
inhalers (regular inhaler cohort) after diagnosis of
asthma and the other without regular prescription
(irregular inhaler cohort). The patients who regularly
received prescriptions of ICS (>28 days/month) and
continuously for >4 months during the follow-up period
after the index day were defined as regular inhaler users.
A 4-month cut point was used because the step-down
treatment after asthma well control was 3 months in the
GINA guideline.

Asthma

Allergic and nonallergic asthma were defined as
ICD-9-CM codes 493.00, 493.01, and 493.02 as extrinsic
asthma and ICD-9-CM codes 493.10, 493.11, and 493.12
as intrinsic asthma. We divided the patients into four
groups: severe asthma without regular ICS use, low
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severity without regular ICS use, high severity with
regular ICS use, and low severity with regular ICS use
group, with the low severity with regular ICS use group
as the reference group. Severity of asthma was based on
drug prescription according to GINA guideline in the
follow-up period." The disease status in patients with
only short-acting $2-agonist (SABA), ICS plus as-needed
SABA, or leukotriene receptor antagonist was defined
as having mild asthma. Alternatively, patients receiving
ICS treatment plus long-acting $2-agonist as-needed, or
ICS plus theophylline or tiotropium, or omalizumab, or
steroid tablets or injections, were defined as having severe
asthma. The following comorbidities were considered
if they occurred prior to the index date and included,
listed by ICD-9 code, atrial fibrillation (427.31), diabetes
mellitus (250), renal disease (580-589), stroke (430—438),
coronary artery disease (410—414), hyperlipidemia (272—
277), gout (274.9), and peripheral neuropathy (354 and 355).

Lung cancer

Records from the Registry of Catastrophic Illness Patient
Database were used to identify LC. Application for a
cancer certificate requires that the applicant provides
medical records including cytologic or pathologic
reports or evidence such as additional laboratory and
imaging studies supporting the diagnosis of cancer,
which should include tumor markers, X-rays, bone scans,
and computed tomography (CT) or magnetic resonance
imaging scans. A minimum of two oncologists examine
the patients” information. Certificates are issued to
patients who met the criteria of the diagnosis. As patients
with in situ malignancies do not qualify for a catastrophic
illness certificate, they are not included in the registry.
LC was defined as ICD-9-CM code 162.x.

Statistical analysis

Baseline characteristics and comorbidities for
the two cohorts were analyzed first, and steroid
prescription (inhaler, days/year) was calculated using
data from the follow-up period. We assessed the effect
of inhaler use on the risk of LC using Cox proportional
hazards models, adjusting for age, gender, allergic
status, and comorbidities. If the proportional hazard
assumption was fulfilled, we estimated the hazard
ratio (HR) and their 95% confidence interval (CI)
using the proportional hazards model, adjusting for
confounders (adjusted HR [aHR]). Then, we stratified
by comorbidities and compared HR in the various
strata to calculate the risk of LC according to strata.
All analyses were performed using the SAS software
(version 9.3; SAS Institute, Cary, NC, USA).

Results

We identified 4210 asthma patients with regular ICS
use (regular inhaler cohort) and 37,228 asthma patients

without regular ICS use (irregular inhaler cohort) after
the first diagnosis of asthma. Figure 1 shows the patient
selection flow chart. Each patient was individually
tracked from the index date until the end of 2010 to
identify incident cases of LC. There were 747 incident
cases of LC in the asthma cohort during the follow-up
period. Baseline characteristics of the asthma patients
with and without regular use an inhaler are shown in
Table 1. There was no significant age difference between
those with and without regular use an inhaler.

Compared with severe asthmatics without regular ICS
inhaler use, the risk of LC for those with mild asthma
with regular ICS use was statistically significantly
lower (aHR =0.42,95% CI: 0.31-0.56, P < 0.0001) [Table 2].
The risk of the development of LC showed a decreasing
trend in the following groups: “high severity without
regular ICS use,” “low severity without regular ICS use,”
“high severity with regular ICS use,” and “low severity
with regular ICS use” (P for trend = 0.0414). The overall
survival was lower in those with high severity without
regular ICS inhaler use than those with low severity with
regular ICS inhaler use [Figure 2]. Men had a significant
higher HR of 2.36 (95% CI: 1.87-2.98) than women.

We further stratified the analysis by comorbidities to
assess the effect of ICS inhaler use on LC.

When considering different strata of the medications
status with comorbidities, the protective effect of
ICS inhaler use did not change much in the different
strata [aHR in Table 2: 0.42 and between 0.37 and 0.43
in Table 3]. However, the variance was smaller in some
strata, especially in those with renal disease, stroke,
and hyperlipidemia [Table 3], resulting in statistically
significant HR. Hence, for asthmatic patients with renal
disease, stroke, and hyperlipidemia, the risk of LC in
the high severity with regular ICS inhaler use compared
with the high severity without regular ICS became

(ICD-9-CM 493) between 2001 and 2005
were enrolled (N=41,438)

N

Asthma patients who
regularly used steroid
inhalers for at least 4
months in 1 year
(regular inhaler cohort,
n=4,210)

[ Patients with a first diagnosis of asthma }

Asthma patients who
did not use steroid
inhalers during
followed-up (irregular
inhaler cohort,
n=37,228)

Lung cancer (n=747)

Figure 1: Flow chart of data collection
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Table 1: Baseline characteristics of the asthmatic
patients with and without the regular use of an
inhaler

Patients with Patients without P

regular ICS regular ICS
(n=4210) (n=37,228)
Age
40-49 938 (17.1) 8270 (22.2) 0.406
50-59 1245 (22.6) 10673 (28.7)
60-69 2027 (36.8) 18285 (49.1)
Gender
Male 2338 (55.5) 17392 (46.7)  <0.0001
Female 1872 (44.5) 19836 (53.3)
Severity
1 1234 (29.3) 29373 (78.9)  <0.0001
2 2976 (70.7) 7855 (21.1)
Allergic 1291 (30.7) 1332 (3.6) <0.0001
Comorbidities
Atrial fibrillation 69 (1.3) 1159 (3.1) <0.0001
Diabetes 821 (14.9) 10470 (28.1)  <0.0001
Renal disease 233 (4.2) 3827 (10.3) <0.0001
Stroke 449 (8.2) 8382 (22.5) <0.0001
Coronary artery 61 (1.1) 731 (2.0) 0.021
disease
Hyperlipidemia 187 (3.4) 2660 (7.1) <0.0001
Gout 507 (9.2) 5220 (14.0) <0.0001
Peripheral neuropathy 99 (1.8) 1338 (3.6) <0.0001

Cl=Confidence interval, HR=Hazard ratio, ICS=Inhaled corticosteroids

Table 2: The risk of developing lung cancer between
those with and without the regular use of an inhaler
and with high and low severity of asthma

Adjusted?® P
HR (95% CI)
Effect of asthma severity and inhaler use®
High severity without regular ICS Reference

Low severity without regular ICS
High severity with regular ICS
Low severity with regular ICS

0.73(0.48-1.13) 0.1577
0.53 (0.29-1.00) 0.0484
0.42 (0.31-0.56) <0.0001

Trend test 0.0414
Allergic versus nonallergic asthma 0.79 (0.51-1.22) 0.2834
Gender
Female Reference
Male 2.36 (1.87-2.98) <0.0001
Comorbidities
Atrial fibrillation 0.90 (0.40-2.03) 0.7997
Diabetes 0.97 (0.74-1.29) 0.8503
Renal disease 0.63 (0.36-1.11) 0.1107
Stroke 0.90 (0.55-1.24) 0.5133
Coronary artery disease 1.82 (0.80-4.11) 0.151
Hyperlipidemia 0.79 (0.48-1.31) 0.3662
Gout 0.90 (0.64-1.25) 0.52

Peripheral neuropathy 0.26 (0.07-1.06) 0.0598

aThe explanatory variables of the model included status of asthma severity
and inhaler use, age, gender, allergic status, and comorbidities, PAll other
tests for pairwise comparisons were not significant (P>0.05). Cl=Confidence
interval, HR=Hazard ratio, ICS=Inhaled corticosteroids

statistically significantly (P = 0.0303, 0.0217, and 0.0322,
respectively). The risk of the development of LC still

1.000-

0.995+

0.990

Overall Survival (Probability)

0.985

p-value : <0.001

= = Non-Inhale (High severity) ---- Non-Inhale (Low severity)
0.980 ‘— : Inhale (I—:lgh sever:ty) —‘ Inh‘ale (Low s‘everlty) : : : |
0 1 2 3 4 S 6 7 8 9 10

Follow-up time (Years)

Figure 2: The overall survival was lower in those with high severity without regular
inhaled corticosteroid inhaler use than those with low severity with regular inhaled
corticosteroid inhaler use

showed a decreasing trend in the following groups: “high
severity without regular ICS use,” “low severity without
regular ICS use,” “high severity with regular ICS use,”
and “low severity with regular ICS use.”

Discussion

Using a national dataset, we investigated the effect of
prescription of ICS inhaler in asthmatic patients on
the risk of LC. Our results show that ICS may have
a protective effect against LC in asthma patients.
After stratification by comorbidities, the protective
effect showed less variation (more precision) among
patients with comorbidities, such as renal disease,
stroke, and hyperlipidemia. The study results suggest
a chemopreventive effect of regular ICS use on LC in
asthmatic patients.

Consistent with our results, Lee ef al. reported that
ICS use was associated with a reduced risk of LC by
analyzing the Health Insurance Review and Assessment
Service database in Korea.™ The protective effect
may extend to other obstructive airway diseases. An
epidemiologic study exploring the association between
the use of ICS and the development of LC in a cohort of
10,474 US veterans with chronic obstructive pulmonary
disease (COPD) also suggested a reduction in the risk of
LC with the use of ICS.*! In the EUROSCOP study, 4% of
the study participants who received 800 mcg of inhaled
budesonide daily for 3 years developed LC, compared
with 6% of patients who were given a placebo.?!
Budesonide was also reported to have inhibitory effects
on B[a] P-induced carcinogenesis of the lung in A /] mice
at all stages of progression from hyperplasia formation
to carcinoma.? However, a clinical trial of 6 months
of inhaled budesonide treatment in high-risk smokers
showed no effect on bronchial dysplasia, although a
significantly greater number of CT-detected peripheral
lung nodules decreased in size after treatment.*
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Table 3: The risk of developing lung cancer between
those with and without the regular use of an inhaler
and with high and low severity of asthma or those

with comorbidities

With comorbidities

Adjusted® P
HR (95%CI)

Atrial fibrillation

High severity without regular ICS® Reference

Low severity without regular ICS 0.74 (0.47-1.14) 0.1688

High severity with regular ICS 0.55 (0.29-1.03) 0.0634

Low severity with regular ICS 0.43 (0.32-0.57)  <0.0001
Diabetes

High severity without regular ICS Reference

Low severity without regular ICS 0.77 (0.48-1.25) 0.2915

High severity with regular ICS 0.67 (0.35-1.28) 0.2303

Low severity with regular ICS 0.43 (0.31-0.59)  <0.0001
Renal disease

High severity without regular ICS Reference

Low severity without regular ICS 0.67 (0.43-1.04) 0.0744

High severity with regular ICS 0.49 (0.25-0.93) 0.0303

Low severity with regular ICS 0.41 (0.30-0.55) <0.0001
Stroke

High severity without regular ICS Reference

Low severity without regular ICS 0.70 (0.45-1.09) 0.1180

High severity with regular ICS 0.45 (0.23-0.89) 0.0217

Low severity with regular ICS 0.37 (0.27-0.50) <0.0001
Coronary artery disease

High severity without regular ICS Reference

Low severity without regular ICS 0.75 (0.49-1.15) 0.1906

High severity with regular ICS 0.55 (0.29-1.03) 0.0611

Low severity with regular ICS 0.42 (0.31-0.56) <0.0001
Hyperlipidemia

High severity without regular ICS Reference

Low severity without regular ICS 0.65 (0.42-1.02) 0.0616

High severity with regular ICS 0.49 (0.26-0.94) 0.0322

Low severity with regular ICS 0.42 (0.31-0.57) <0.0001
Gout

High severity without regular ICS Reference

Low severity without regular ICS 0.80 (0.50-1.26)

High severity with regular ICS 0.62 (0.33-1.17) 0.1396

Low severity with regular ICS 0.43 (0.31-0.59) <0.0001
Peripheral neuropathy

High severity without regular ICS Reference

Low severity without regular ICS 0.75 (0.49-1.16) 0.1990

High severity with regular ICS 0.55 (0.29-1.02) 0.0584

Low severity with regular ICS 0.42 (0.31-0.56) <0.0001

aAdjusted for age, gender, allergic status, and other comorbidities for each

specific comorbidity stratum, PAll other tests for pairwise comparisons were not

significant (P>0.05). Cl=Confidence interval, HR=Hazard ratio, ICS=Inhaled

corticosteroids

Similarly, a clinical trial of fluticasone for 6 months in
patients with squamous dysplasia showed that more
patients showed a decrease and fewer an increase in
the number of nodules detected on chest CT in the
treatment arm, although this failed to reach statistical
significance.™ It is reported that budesonide was quite
effective in protecting against pulmonary carcinogenicity

caused by cigarette smoke.! Against that, treatment
with inhaled budesonide for 1 year in smokers did not
significantly affect the size of CT-detected peripheral
lung nodules in a randomized placebo-controlled
trial.?*l Regarding squamous cell carcinomas, in
hamsters, inhaled budesonide was also found to be
ineffective in preventing this type of LC, which was
in contrast to previous studies using adenocarcinoma
models.”! The reason for these variations may be due
to different histologic abnormalities (bronchial dysplasia
or squamous metaplasia) or the different time frames of
the clinical trials. In contrast to animal studies in which
the intervention occurs early after carcinogen exposure,
human interventions are delivered relatively late, and
sometimes after the presence of preneoplastic lesions.
It is possible that earlier interventions may be more
efficacious; however, a future task is to identify high-risk
populations that would benefit most. To improve the
efficiency of clinical trials, genetic and epigenetic markers
may be used to identify subgroups that are at a higher
risk. In addition, the potentially chemopreventive effects
of ICS on different histological cell types of LC and its
stage need further investigations.

On the one hand, it has been reported that allergic
respiratory inflammation promotes the recruitment
of circulating tumor cells in mice, thus promoting
lung metastasis.””®! On the other hand, it has been
hypothesized that a higher dose of ICS reduces local
airway inflammation, cell turnover, and propagation of
genetic errors, which may lead to a subsequent reduction
in the risk of LC.” ICS have also been demonstrated to
suppress proto-oncogene expression in human smokers.!
In models of chemically induced lung tumorigenesis,
budesonide has been shown to markedly decrease
tumor formation, potentially by modifying the gene
expression involved with cell cycle, signal transduction,
and apoptosis.'>* In addition, budesonide treatment
may be linked to a decrease in the size of lung tumors
and reverse DNA demethylation and gene expression in
lung tumors induced by vinyl carbamate in A /] mice.”!
It has also been hypothesized that budesonide may affect
mouse lung tumorigenesis through modulating the
expressions of genes in the Bcl-2- and caspase-2-regulated
apoptosis pathways and the Mad2/3-regulated mitotic
checkpoint.®' However, the possible mechanism by which
ICS diminishes the risk of LC is not clear.

We found that patients who regularly received ICS
prescription and had low asthma severity had a lower
risk of LC than those who did not use ICS and had high
asthma severity. Thus, regular prescription of ICS may
decrease inflammation and reduce the risk of LC.[
However, Ji et al. reported that patients with asthma
with multiple hospital admissions (high severity) had a
high risk for stomach and colon cancers.”! Nevertheless,
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the study by Ji et al. did not investigate other cancer
localizations. As not every patients respond to ICS, a
more efficient approach when prescribing ICS is to focus
on patients who respond well to treatment. Therefore,
we stratified all patients by gender and comorbidity.
Although estrogens may play a role in the development
of LC P we could not identify a gender difference in the
effect of ICS (data not shown). Interestingly, we found
that the protective effect of ICS was significant in those
with stroke, renal disease, and hyperlipidemia. In patients
with these diseases, the effect of ICS was not stronger but
more consistent (less variance). We currently have no
explanation why these diseases but not others provide
a better precision of the protective effect. It could be the
use of other medications (e.g., hyperlipidemia) or it could
be that the disease process provides some additional
protection. Moreover, the effectiveness of ICS may be
influenced by several factors such as oral bioavailability,
different pharmacokinetics, and on-site activation in the
lung.*? ICS have variable potent binding activities to
specific glucocorticoid receptors by either binding to DNA
and inducing anti-inflammatory genes, or by repressing
the induction of pro-inflammatory mediators.™” Further
studies are needed to improve the identification of
individuals who will respond better to application of ICS
medication strategies and their mechanisms.

There are several limitations to this study. First, it
is possible that patients with COPD may have been
misclassified as having asthma. We addressed this
concern by performing a series of analyses that restricted
the cohort definition to a greater specificity for COPD
and found that the cohort definition had a small effect
on the point estimates (data not shown). Moreover,
because ICS are less effective in patients with COPD
and because patients with asthma may not have had a
similar degree of tobacco exposure, this would bias the
findings in the opposite direction of the described effect.
Bl However, it is also possible that we did not exclude all
patients with a smoking history in the clinical diagnosis.

Second, the follow-up period may be too short. LC occurs
relatively rarely, and when used as the endpoint of a trial,
it requires a large cohort and a long follow-up duration
to ensure sufficient statistical power. We analyzed the
overall incidence of cancer and used a large dataset
including 23 million people. Each patient was observed
for a minimum of 2 years and a maximum of 9 years.
Hence, an extension of the follow-up in this cohort
would be informative. Finally, we could not adjust for
occupational history as a risk factor for LC because there
is no information about occupational history in national
health insurance data.

This study is strengthened by the large sample size.
First, because of the large sample size, we were able to

perform some subgroup investigations. The cohortis also
based on a highly representative nationwide database,
which reduces the likelihood of selection bias and may
enhance the generalizability. In addition, this is the first
study to report an association between the use of ICS
and the risk of LC among patients with asthma and
to identify subpopulations which would particularly
benefit from ICS in preventing LC. The prospective
characteristic of this cohort study design likely excluded
the issue of reverse causation. Second, the definition of
asthma was verified by physician-verified diagnoses
according to insurance registry data from the Bureau
of National Health Insurance, which is more reliable
than self-reported questionnaires of asthma, which have
been found to have satisfactory specificity (94%) but low
sensitivity (68%).5

Conclusions

The regular prescription of ICS inhalers might have a
protective effect against LC in patients with asthma,
especially those with comorbidities, including renal
diseases, stroke, and hyperlipidemia. In addition, this
study suggests additional information for education
of patients with asthma about the benefit of regular
ICS use. Future studies may consider evaluating the
chemopreventive effects of ICS on different histological
cell types of LC and need to determine population who
are at higher risk of LC.
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