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Aim: Cysteinyl leukotrienes receptor antagonists (LTRAs) are promising chemoprevention
options to target cysteinyl leukotriene signaling in cancer. However, only a number of
randomized clinical trials (RCTs) or observational studies have been conducted to date;
thus, the effect of LTRAs on patients is yet to be elucidated. Using insurance claim data,
we aimed to evaluate whether LTRAs have cancer preventive effects by observing patients
who took LTRAs.

Method: Patients diagnosed with asthma, allergic rhinitis, chronic cough, and have no
history of cancer were followed-up from 2005 to 2017. Cox proportional hazard
regression analysis was conducted to estimate the hazard ratios (HRs) for cancer risk
of LTRA users.

Result: We followed-up (median: 5.6 years) 188,906 matched patients (94,453 LTRA
users and 94,453 non-users). LTRA use was associated with a decreased risk of cancer
(adjusted HR [aHR] = 0.85, 95% confidence interval [CI] = 0.83–0.87). The cancer risk
showed a tendency to decrease rapidly when LTRAs were used in high dose (aHR = 0.56,
95% CI = 0.40–0.79) or for longer durations of more than 3 years (aHR = 0.68, 95% CI =
0.60–0.76) and 5 years (aHR = 0.33, 95% CI = 0.26–0.42). The greater preventive effects
of LTRAs were also observed in patients with specific risk factors related to sex, age,
smoking, and the presence of comorbidities.

Conclusion: In this study, we found that LTRA use was associated with a decreased risk
of cancer. The high dose and long duration of the use of LTRAs correlated with a lower
cancer risk. Since LTRAs are not yet used for the prevention or treatment of cancer, our
findings could be used for developing a new chemo-regimen or designing feasible RCTs.

Keywords: cysteinyl leukotriene receptor antagonists, cancer, cancer prevention, drug repurposing,
observational study
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INTRODUCTION

Cancer is the leading cause of death in Korea, and themortality rate
of this disease continuously to increase annually (1). As the cancer
incidence continues to rise, the importance of cancer prevention is
being emphasized. Cancer treatment is expensive as well as
developing effective anticancer drugs. Thus, if cancer is
successfully prevented, the overall medical cost can be reduced.
Moreover, it is also challenging to plan cancer prevention strategies
through clinical trials in terms of its duration and cost. Cancer
prevention clinical trials take more than 5-10 years to complete and
usually require thousands of participants. The estimated cost for
large clinical trials involving more than 10,000 people is
approximately $100 to $200 million (2). Despite decade-long
efforts to find effective cure, candidates for anticancer drugs are
usually discontinued during the phase 3 of the clinical trials due to
problems, such as efficacy and toxicity (3). As the results of these
trials do not always lead to successful cancer prevention strategies,
there is an urgent need for identifying alternative drug therapies
effective in preventing cancer. Drug repurposing is the process of
searching for new indications for drugs that already exist in the
market (4). Since this method is based on previously accumulated
research and development data, the new drug development process
can be accelerated, cutting costs at the same time (5). Recently,
many studies on drug repurposing are being conducted based on
genome, phenome, and insurance claim data (6).

Inflammation is a critical part in the pathogenesis of cancer, and
the correlation of high levels of cysteinyl leukotrienes (CysLT) and
CysLT1 receptor (CYsLTR) with various types of cancer have been
reported several times in in-vitro studies (7–12). CYsLTR
antagonists (LTRAs), including montelukast, pranlukast, and
zafirlukast, have been widely used for treating asthma, allergic
rhinitis, or chronic cough (13), and are the most promising
chemoprevention options to target CysLT signaling in cancer. In
addition to CysLT1 signaling, montelukast essentially induces
apoptosis in cancer cells while zafirlukast is found to be involved
in the cancer cell cycle (14, 15). Moreover, the role of LTRAs could
also be associated with cancer metastasis, showing cell migration
and invasion were suppressed in glioblastoma cells (14), colon
cancer cells (16), skin cancer cells (17), and 5-FU-resistant colon
cancer cells (18). However, the chemopreventive effects of LTRAs
described above are all reported in in-vitro studies. Thus, it is still
questionable whether the same effects can be observed in people
taking LTRAs, especially since only limited randomized clinical
trials (RCTs) and observational studies for humans are available
(19). To observe the cancer-preventing effects of LTRAs in
humans, a long-term follow-up study with a sufficiently large
cohort size is essential. Therefore, using insurance claim data, we
aimed to evaluate whether LTRAs have cancer prevention effects in
a real-world setting by observing patients who took LTRAs.
MATERIALS AND METHODS

Study Design and Sources
This study used a cohort study design and analyzed the health
insurance data officially provided by the Korean National Health
Frontiers in Oncology | www.frontiersin.org 2
Insurance Service (KNHIS) (20). The insurance data included
the patients’ demographic, diagnosis, procedure, and
prescription data. Additionally, physical examination data that
were linked to the KNHIS data were used. Physical examination
information included the body mass index (BMI), smoking
status, alcohol consumption, and exercise data. The
requirement for the written informed consent from the
participants was waived and all participants were anonymized
by a randomized identification number. This study was approved
by the institutional review board (IRB) of Seoul National
University (IRB No. E1901/003-004).

Study Population
To evaluate the effect of LTRA use on the prevention of cancer,
patients diagnosed with asthma, allergic rhinitis, or chronic
cough more than twice from 2005 to 2011 were included.
Diagnosis of each disease was identified by the recorded
diagnostic code of J45.x, J30.x, and R05.x for asthma, allergic
rhinitis, and chronic cough in the claim, respectively. Patients
who met the following criteria were excluded: diagnosed with
asthma, allergic rhinitis, or chronic cough between 2002 and
2004; diagnosed with cancer before each patient’s index date;
received LTRAs before being diagnosed with asthma, allergic
rhinitis, or chronic cough; whose follow-up period is less than 1
year; whose day of LTRA use is less than 30 days.

Ascertainment of Exposure
The LTRAs involved in this study include montelukast,
pranlukast, and zafirlukast based on the anatomical therapeutic
chemical (ATC) classification system. Information of the
administered dose, frequency, and duration of the use of
LTRAs were retrieved from the KNHIS database. Patients with
no history of LTRA use were included in the non-user group. For
the LTRA users, each daily dose was calculated by multiplying
the number of tablets to be taken each day by the dose of each
tablet, and this was converted to the defined daily dose (DDD),
which is assigned by the World Health Organization’s
Collaborating Center (WHOCC) for Drug Statistics
Methodology (www.whocc.no/atc_ddd_index) (21). The
cumulated dose was defined as the sum of multiplying the
prescribed duration by the defined daily dose (DDD) of LTRAs.

Ascertainment of Cancer
Individuals were followed-up until 2017, and outcomes were
recorded from the individual’s index date. Primary endpoint of
the study was cancer. Cancer event was defined based on the
International Classification of Diseases-10 (ICD-10) codes (C00-
C97). Cancer with the top 5 mortality rates (lung, hepatic,
colorectal, stomach, pancreatic) and additional cancer types
(breast, urological, skin, and brain/central nervous system
cancer) were defined as secondary endpoints (1).

Confounding Variables
Baseline characteristics, potentially influencing the study
outcomes were included. These include demographic
information, such as age at enrollment, sex, index year, region,
and economic status. Region information was also collected by
April 2022 | Volume 12 | Article 858855
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dividing the patients into special metropolitan city, metropolitan
city, and province based on the patients’ insurance payment
regions. Economic status of the enrolled participants was
assessed based on income-related insurance payment.
Concomitant asthma, anti-allergy medications, and initial
diagnosis (asthma, allergic rhinitis, or chronic cough) within
1 year of index date were evaluated. Comorbidity burden was
measured using the updated Charlson comorbidity index (CCI)
to classify the level of comorbidity up to 1 year of index date (22).
Furthermore, information on the smoking status and alcohol
intake from questionnaire data and the BMI from physical
examination data were collected.

Statistical Analysis
Statistical analyses were performed for the intention-to-treat
population. In the LTRA user group, if the date of LTRA
initiation differed from the time of diagnosis, the patients
would have periods during which cancer could not have been
affected by treatment (immortal time). Therefore, each patient’s
index date was defined as the very first date when LTRAs were
prescribed for the LTRA users. The index date of non-users was
then matched with the index date of the LTRA users. Patients
were followed-up until the earliest onset of cancer, the date of the
last follow-up, or the end of the study period. To adjust the effect
of confounding variables between the LTRA user and non-user
groups, propensity score matching was done. Propensity score
was estimated by logistic regression with variables, including age,
index year, region, economic status, co-medications, initial
diagnosis, smoking status, alcohol intake, and BMI. LTRA
users were matched 1:1 to non-users with the greedy 5 to 1
digit matching algorithm (23). Subsequently, the distribution of
the propensity score before and after matching was inspected
and the distribution of baseline covariates was evaluated with
standardized difference. Standardized difference of over 0.1 was
regarded as a sign of imbalance (24).

Cox proportional hazard regression was used to estimate the
hazard ratio (HR) of LTRAs for cancer risk, with 95% confidence
interval (CI). The confounding factors used were the age at
enrollment, sex, index year, region, economic status,
concomitant asthma/anti-allergy medications, initial diagnosis,
CCI, smoking status, alcohol intake, and BMI. To test the
robustness of our model, sensitivity analyses were performed.
To prevent the LTRAs exposure factor from affecting the main
outcomes, we applied a different exposure definition. In our
original study design, the LTRAs exposure was defined as the
sum of doses of the prescribed medications. In the sensitivity
analysis, a new gap concept was defined to see the continuous use
of LTRAs; if the gap between prescription refills was <30 days or
at 50% of each prescription period, the patient was considered to
have continued LTRA use. If the gap exceeded the predefined
threshold, it was considered as patients have stopped and have
not taken LTRAs any longer. Another sensitivity analysis was
conducted by narrowing the index date between 2008 to 2011,
and any changes in the risk of cancer were evaluated by
calculating the HRs. Analyses were done with SAS software
version 9.4 (SAS Institute Inc., Cary, NC, USA).
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Demographics
Among all the patients diagnosed with asthma, allergic rhinitis,
or chronic cough two or more times between 2005 and 2011
(n = 4,387,602), a total of 2,632,224 newly diagnosed patients
with these conditions without a cancer history were identified
(Figure 1). After excluding the patients who do not meet the
predefined inclusion criteria, the eligible study cohort included
1,786,168 patients (208,323 LTRA users and 1,577,845 non-
users). LTRA users took more co-medications and had higher
CCI scores. The proportion of patients who were diagnosed with
asthma was higher in LTRA users (82.2%) than non-users
(53.3%). After the propensity score matching, 94,453 LTRA
users were matched with 94,453 non-users. The above
difference (co-medications, CCI, and initial diagnosis) was
reduced, and standardized differences were below 0.1 for all
covariates (Table 1). The median length of follow-up was 5.6
years (5.5 and 5.7 years for non-users and LTRA users,
respectively). The median duration of LTRAs prescription
during follow-up (65 days, interquartile range: 41-150 days)
and mean age of patients [56.4 years; men: 42.6% (n =
80,533)] were shown. The most frequently used DDD were
intermediate doses (64.1%), followed by low doses (35.5%),
and high doses (0.4%).

Risk of Cancer in LTRAs Users
The median time of the first onset of cancer events was 3.4 years.
The incidence rates of all recorded cancer types were shown in
Supplementary Table S1. The use of LTRAs showed a
significantly decreased risk of overall cancers (adjusted HR
[aHR] = 0.85, 95% CI = 0.83–0.87). When examining each
type of cancer, hepatic cancer (aHR = 0.73, 95% CI =
0.68–0.79), colorectal cancer (aHR = 0.83, 95% CI = 0.76–
0.91), gastric cancer (aHR = 0.69, 95% CI = 0.62–0.76), breast
cancer (aHR = 0.77, 95% CI = 0.71–0.83), and urological cancer
(aHR = 0.92, 95% CI = 0.86–0.97) were significantly associated
with LTRA use. In contrast, LTRAs showed no significant effect
on lung, pancreatic, skin, and brain/central nervous system
cancers (Table 2).

Risk of Cancers by LTRAs Dose, Duration,
and Cumulative Dose
When examining the cancer risk in terms of LTRA dose, the low
(aHR = 0.89, 95% CI = 0.86–0.92) and intermediate doses
(aHR = 0.86, 95% CI = 0.83–0.89) showed similar aHRs to the
original results (Table 3). The aHR was also observed to be
significantly lowered when the high dose was used (aHR = 0.56,
95% CI = 0.40–0.79). When the period of use of LTRAs was
analyzed, the cancer risk showed a tendency to rapidly decrease
when LTRAs were used for more than 3 years (aHR = 0.68, 95%
CI = 0.60–0.76). Furthermore, the aHR decreased to 0.33 (95%
CI = 0.26–0.42) when LTRA usage exceeds 5 years. A similar
pattern was observed when the analysis was performed according
to the cumulative dose obtained through the multiplication of
dose and duration (cumulative DDD*year [cDY]). A significant
April 2022 | Volume 12 | Article 858855
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decrease in aHR was shown when the cumulative dose was more
than 5 cDY (aHR = 0.53, 95% CI = 0.47–0.60).

Sensitivity Analyses
The cancer prevention effect of LTRAs was the same after the gap
change to 30 days and at 50% proportion of permissible gap.
LTRA usage still significantly lowered the risk of cancer, and
similar results were observed across all cancer types (lung,
hepatic, colorectal, gastric, pancreatic, breast, urological, skin,
and brain/central nervous system cancer) (Supplementary
Table S2). In the analysis for cancer risk by narrowing the
index period between 2008 to 2011, the same results for all
cancer types were observed (Supplementary Table S3).

Subgroup Analyses
The greater preventive effects of LTRAs were observed in men
(aHR = 0.78, 95% CI = 0.75–0.81), patients aged >65 years
(aHR = 0.75, 95% CI = 0.71–0.79), and with a history of smoking
or still currently smoking (aHR = 0.81, 95% CI = 0.78–0.85)
compared to women, patients aged ≤65 years, and those who
never smoked, respectively (Figure 2). LTRA use in patients with
CCI scores of 0 showed no significant association with cancer
(aHR = 1.01, 95% CI = 0.89–1.14); however, with higher CCI
scores, the HR gradually decrease from 1.05 (95% CI 0.99–1.11)
Frontiers in Oncology | www.frontiersin.org 4
(CCI score: 1) to 0.78 (95% CI 0.75–0.80) (CCI score: 3). No
significant differences in aHR were observed according to the
patients’ alcohol intake, initial diagnosis, economic status,
and region.
DISCUSSION

Our study analyzed patients who are using LTRAs through a
long follow-up study. To our knowledge, this is the first research
that consider the demographic information, co-medications,
underlying comorbidities, and the patients ’ physical
examination data, including smoking status, alcohol intake,
and BMI, while using a sufficiently large sample size. Our
study results found that LTRA use was associated with an
overall decreased risk of cancer. In addition, by dividing the
dose and period of LTRA use into several subgroups, our study
could identify the amount of dose and duration that may
significantly lower the risk of cancer.

A previous cohort study also showed that the use of LTRAs
significantly decreased the overall cancer risk, specifically for
lung, colorectal, and breast cancer (25). The same trends were
also found in our study; however, the magnitude of the reduced
FIGURE 1 | Study flow chart. LTRAs, Cysteinyl leukotrienes receptor antagonist.
April 2022 | Volume 12 | Article 858855
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risk was smaller than the previous reported study. This result can
be attributed to differences in the sample size and in the use of
various covariates. In the work of Tsai et al., the number of
patients after the propensity score matching was 25,110 (4,185 in
the taking group, 20,925 in the non-taking group), which was
much smaller than the 188,906 participants in our study. In
addition, their study did not consider the variables related to
lifestyle (e.g., smoking status, alcohol intake), which are major
risk factors of cancer.

We found that the use of LTRAs had a significant preventive
effect on overall cancers, which was consistent with other previous
findings. Many studies have reported that LTRAs are effective not
only for treatment (14, 15, 26, 27), including cancer metastasis
(14, 16, 17, 28), but also for prevention (11, 25, 29–33), so it seems
that LTRAs can be used in various stages of cancer. First, LTRAs
Frontiers in Oncology | www.frontiersin.org 5
inhibit the growth and/or induce apoptosis of a large series of
human cancer cell lines. LTRAs inhibit growth of glioblastomas
cells, by decreasing expression of B-cell lymphoma 2 (Bcl-2)
protein and reducing the phosphorylation of extracellular signal-
regulated kinase 1/2 (14). In breast cancer cells, apoptosis was also
induced (15). A similar mechanism was found in colon cancer. In
addition to significant reductions in cell proliferation, adhesion
and colony formation, the induction of cell cycle arrest and
apoptosis were observed in a dose-dependent manner (26).
Montelukast induced down-regulation of Bcl-2, up-regulation of
Bcl-2 homologous antagonist/killer, and nuclear translocation of
apoptosis-inducing factors in lung cancer cells (27). Second,
LTRAs could inhibit metastasis of cancer by preventing tumor
cell migration through both cerebral and peripheral capillaries
(14). Matrix metallopeptidase-9 (MMP-9) degrades extracellular
TABLE 1 | Baseline characteristics.

Characteristics Non-users (N=94,453) LTRAs users (N=94,453) STD

Sex (male) 40,515 (42.8) 40,018 (42.4) -0.005
Age (year) 51.4 ± 11.2 51.3 ± 12.4 0.014
BMI (kg/m2) 23.9 ± 3.2 23.9 ± 3.5 0.001
Drink (times/week) 0.9 ± 1.5 0.9 ± 1.5 -0.005
Economic statusa

1 10929 (11.6) 11045 (11.7) 0.029
2 14083 (14.9) 14201 (15.0)
3 22333 (23.6) 22042 (23.3)
4 23318 (24.7) 23474 (24.9)
5 23790 (25.2) 23691 (25.1)

Comorbidities
Asthma 72014 (76.2) 72262 (76.5) 0.041
Allergic rhinitis 16085 (17.0) 15729 (16.7)
Chronic cough 6354 (6.7) 6462 (6.8)

Index year
2008 8871 (9.4) 8978 (9.5) 0.051
2009 12961 (13.7) 12857 (13.6)
2010 12806 (13.6) 12760 (13.5)
2011 14097 (14.9) 14306 (15.1)
2012 15933 (16.9) 15910 (16.8)
2013 12605 (13.4) 12559 (13.3)
2014 9938 (10.5) 10077 (10.7)
2015 7242 (7.7) 7006 (7.4)

Charlson comorbidity index
0 7539 (8.0) 7360 (7.8) 0
1 25567 (27.1) 25633 (27.1)
2 9370 (9.9) 9362 (9.9)
3 51977 (55.0) 52098 (55.2)

Smoking
Never 66822 (70.8) 67058 (71.0) 0
History of smoking 8708 (9.2) 8518 (9.0)
Current smoking 18923 (20.0) 18877 (20.0)

Co-medications
Xanthines 48267 (51.1) 47859 (50.7) -0.009
b-Blockers 56710 (60.0) 56803 (60.1) 0.002
Anti-cholinergics 7874 (8.3) 7378 (7.8) -0.019
Systemic steroids 79022 (83.7) 79608 (84.3) 0.017

Region
Special metropolitan city 49025 (51.9) 49054 (51.9) 0.025
Metropolitan city 21916 (23.2) 21982 (23.3)
Province 23512 (24.9) 23417 (24.8)
April 2022 | Volume 12 | Article 8
Values are represented as mean ± standard deviation or number (%); LTRAs, Cysteinyl leukotrienes receptor antagonist; STD, standardized difference.
aEconomic status was assessed based on income-related insurance payment; BMI, body mass index.
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TABLE 2 | Hazard ratios for each cancer components.

Events Person-year Hazard ratio (95% CI)

Unadjusted Adjusted

All Cancer
Non-users 11369 520292 – –

LTRAs 10399 536725 0.88 (0.86 – 0.91) 0.85 (0.83 – 0.87)
Lung Cancer
Non-users 989 551209 – –

LTRAs 1201 560047 1.19 (1.09 – 1.29) 1.06 (0.94 – 1.16)
Liver Cancer
Non-users 1681 548448 – –

LTRAs 1271 559331 0.74 (0.69 – 0.79) 0.73 (0.68 – 0.79)
Colorectal Cancer
Non-users 1133 550157 – –

LTRAs 1017 559934 0.88 (0.81 – 0.96) 0.83 (0.76 – 0.91)
Stomach Cancer
Non-users 819 551045 – –

LTRAs 625 560859 0.75 (0.67 – 0.83) 0.69 (0.62 – 0.76)
Pancreas Cancer
Non-users 672 551969 – –

LTRAs 641 561173 0.93 (0.84 – 1.04) 0.91 (0.81 – 1.01)
Breast Cancer
Non-users 1433 549177 – –

LTRAs 1181 559698 0.80 (0.74 – 0.87) 0.77 (0.71 – 0.83)
Urological Cancer
Non-users 2146 547338 – –

LTRAs 2191 557066 1.00 (0.94 – 1.06) 0.92 (0.86 – 0.97)
Skin Cancer
Non-users 516 550132 – –

LTRAs 534 558712 1.02 (0.90 – 1.15) 1.00 (0.88 – 1.14)
Brain and Central Nervous System Cancer
Non-users 175 548347 – –

LTRAs 150 554163 0.85 (0.68 – 1.05) 0.83 (0.67 – 1.03)
Frontiers in Oncology | www.frontie
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Hazard ratio was adjusted for age at enrollment, sex, index year, region, economic status, concomitant asthma/anti-allergy medications, initial diagnosis, charlson comorbidity index,
smoking status, alcohol intake, and body mass index. CI, confidence interval; LTRAs, Cysteinyl leukotrienes receptor antagonist.
TABLE 3 | Hazard ratios for cancer according to dose, duration, and cumulative dose of cysteinyl leukotriene receptor antagonists.

Events Person-years Adjusted Hazard ratio (95% CI)

Dose
Non-users 11369 520292 –

<0.5 DDD 4439 228313 0.89 (0.86 – 0.92)
0.5–1.0 DDD 5926 305943 0.86 (0.83 – 0.89)
≥1.0 DDD 34 2469 0.56 (0.40 – 0.79)
Duration
Non-users 11369 520292 –

<0.5 year 7689 419707 0.85 (0.82 – 0.87)
0.5–1 year 1086 50909 0.87 (0.82 – 0.93)
1–3 year 1269 45512 1.02 (0.97 – 1.09)
3–5 year 281 13656 0.68 (0.60 – 0.76)
≥5 year 74 6941 0.33 (0.26 – 0.42)
Cumulative dose
Non-users 11369 520292 –

<0.5 cDY 6854 376505 0.84 (0.81 – 0.87)
0.5–1 cDY 1426 68835 0.89 (0.84 – 0.94)
1–3 cDY 1352 56193 0.95 (0.89 – 1.00)
3–5 cDY 466 16221 1.03 (0.94 – 1.13)
≥5 cDY 301 18971 0.53 (0.47 – 0.60)
Hazard ratio was adjusted for age at enrollment, sex, index year, region, economic status, concomitant asthma/anti-allergy medications, initial diagnosis, Charlson comorbidity index,
smoking status, alcohol intake, and body mass index. cDY, cumulative defined daily dose*year; CI, confidence interval; DDD, defined daily dose; LTRAs, Cysteinyl leukotrienes
receptor antagonists.
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matrix proteins and was increased in colon cancer patients. The
MMP-9 expression and activity were reduced bymontelukast (16).
LTRAs inhibited epidermal growth factor-induced T cell
lymphoma invasion and metastasis inducing protein 1
expression in skin cancer cells (17). There seems to be a
difference in roles of preventive mechanisms within the LTRAs.
Pranlukast can inhibit tumor cell migration through both the
brain and peripheral capillaries, whereas montelukast inhibits
Frontiers in Oncology | www.frontiersin.org 7
tumor cell migration only in the peripheral capillaries (28). The
preventive effect of LTRAs has been reported in several in-vitro
and in-vivo studies for certain cancers, including colorectal (29),
gastric (11), and pancreatic cancer (30). A previous cohort study
also showed similar results, reporting that the risks of breast,
colorectal, and liver cancers were significantly reduced (25).
However, a non-significant association between lung cancer and
LTRA use was found in our study, while other groups have
FIGURE 2 | Subgroup analysis of hazard ratios for cancer events based on patient’s sex, age history of smoke, alcohol intake, initial diagnosis, charlson comorbidity
index, economic status and region.
April 2022 | Volume 12 | Article 858855
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reported its cancer risk reduction effect (25, 31). Three studies also
showed that LTRAs reduced the risk of metastatic lung cancer, but
not of lung cancer itself (28, 32, 33).

Despite these efforts, there have not been reports on any definite
association between LTRAs and a specific type of cancer yet. The
pathogenesis of cancer appears to be multifactorial, and such
findings may have arisen due to differences in the study samples,
study designs, or statistical methods. Tsai et al. (2016) also showed
that the use of LTRAs was an independent protecting factor for
overall cancers, reporting an HR of 0.31 (95% CI: 0.24–0.39). The
magnitude of reduced risk was found to be smaller in our study (HR
0.85, 95% CI = 0.83–0.87), which might be due to larger sample size
and the use of additional covariates. For instance, the patient’s
smoking status had a high HR range, 1.16 (against liver cancer) to
1.67 (against lung cancer), implying that the smoking covariate is a
large proportion in our cox proportional hazard regression model.

In our study, the analysis of dose and duration of LTRAs use is
noteworthy. Most LTRA prescriptions (99.6%) provided for the
patients in this study were low (<0.5 DDD) or intermediate (0.5 ≤
DDD < 1.0), and only a few proportions were high (0.4%). Our
results showed that overall cancer risk was rapidly lowered when
LTRAs were used in high doses. In the duration analysis, >3 years of
LTRA use correlated with a much lower HR for cancers. LTRAs are
usually considered as safe during long-term administration even at
doses substantially higher than the recommended dose (34).
Therefore, this suggests that future studies should consider a
higher dose and longer duration when prescribing LTRAs to be
able to secure its anti-cancer property without having to worry about
its side effects. However, recently, neuropsychiatric events
were reported in post-marketing surveillance and resulted in safety
alert in 2008 and a black box warning in 2020. Additionally,
conflicting reports on the association between LTRAs and
neuropsychiatric events have been published (35, 36). Therefore,
it is necessary to pay attention to these precautions. The results of our
study could also be used in the design of clinical trials. For instance,
RCTs have been conducted with zileuton, a 5-lipoxygenase inhibitor
that shares a similar mechanism with LTRAs, as an adjuvant agent to
conventional chemotherapy for lung cancer patients (37). With this,
new and improved RCTs can be conducted using LTRAs as an
addition to existing anticancer therapies.

In our subgroup analysis, notable results were also observed in
specific patient groups. The greater preventive effects of LTRAs in
lowering the risk of cancer were observed in the following: in men,
patients aged >65 years, patients with a history of smoking or are
currently smoking, and those with high CCI scores. Considering
that men, aged patients, smoking, and the presence of various
comorbidities are well-known risk factors, LTRAs may contribute
to lowering the cancer risks in patients with these particular
characteristics. For the design of realistic and feasible clinical
trials, the selection of specific patient groups with the above-
mentioned risk factors may be beneficial and more effective.

There are several limitations encountered in our study. Due to
the nature of the real-world data, the purpose of prescribing
LTRAs to the patients was not for cancer prevention. Moreover,
our study does not include an active comparator, and therefore it
may be susceptible to selection bias. However, to reduce bias, as
Frontiers in Oncology | www.frontiersin.org 8
many variables were collected and matched to minimize the
differences between groups. But note that there may still be some
residual confounding after bias reduction. It was impossible to
specify the stage/subtype of cancer because the disease
information provided by the ICD-10 code was limited. We also
suggest that some caution should be exercised when interpreting
our results. There have been several studies showing that the use
of LTRAs are also effective in reducing the risk of lung cancer,
but the results in our study were not statistically significant
(25, 31). Considering that baseline comorbidities, such as asthma,
can have a significant effect on the occurrence of lung cancer (38,
39), this study may not have completely ruled out the effects of
other comorbid diseases on cancer because it used CCI score as an
indirect measure of various disease severity. Likewise, our study
used a retrospective cohort design and not all information are
included and available in the KNHIS data. Therefore, although we
adjusted for all possible confounders, there still might be residual
confounding factors present during our analyses.

The findings of our study suggest that the use of LTRAs was
associated with a decreased risk of overall cancer. The high dose
and long duration of LTRA use correlated with the lowered risk.
The greater preventive effects of LTRAs were also observed in
patients with specific risk factors related to sex, age, smoking, and
the presence of comorbidities. As LTRAs have not yet been used
for the prevention or treatment of cancer, our findings could be
used for developing a new chemo-regimen or in designing feasible
RCTs. For future studies, further research is needed to elucidate
the specific mechanism and clinical significance of our results.
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