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Abstract \
This study investigated the association between antacid administration and lung cancer incidence in a real-world setting.

This was a nationwide, retrospective cohort study. The cohort comprised random samples (n = 1,031,392) from the entire
South Korean population in 2002. The duration of antacid administration between January 2006 and December 2010 was
recorded for each participant. Newly developed lung cancers were counted during the 5-year observation period (January 1, 2006
to December 31, 2010). A total of 437,370 participants aged > 40 years were included, of whom 301,201 (68.9%) had antacid
exposure before the diagnosis of lung cancer. A total of 1230 (0.28%) antacid-exposed patients developed lung cancer. Among
patients with no antacid exposure or underexposure (n = 136,171), 597 (0.44%) developed lung cancer. In the multivariable
analysis, antacid exposure before the diagnosis of lung cancer was independently associated with a reduced incidence of lung
cancer (hazard ratio: 0.64; 95% confidence interval: 0.55-0.74; P < .001). Antacid use might be independently associated with a
decreased risk of lung cancer development in this cohort study.

Abbreviations: GERD, gastroesophageal reflux disease, H-2, histamine H, receptor-2, ICD-10, International Classification
of Diseases, 10th revision, KNHIS, Korean National Health Insurance Service, PPI, proton pump inhibitor, V-ATPase, vacuolar

H-+-ATPase.
Keywords: antacid, incidence, lung cancer

1. Introduction

Proton pump inhibitors (PPIs) and histamine H, receptor-2
(H-2) antagonists are widely used to treat acidz-peptic dis-
eases, including duodenal and gastric ulcers, gastroesophageal
reflux disease (GERD), and common heartburn.!"?! Reflux of
gastric acid may cause not only symptoms but also molecu-
lar injuries. If gastric acid reaches the airway, it may induce
cellular damage to the epithelial lining.”! Acid aspiration may
promote cytosolic phospholipase A2 (cPLA2) activation.*! The
activation of ¢cPLA2 in the tumor microenvironment leads to
increased vasculature, enhanced tumourigenesis, and cancer
progression.’? Therefore, it may be necessary to investigate
these molecular effects on the development of lung cancer in
the clinical setting.
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However, these drugs may also be effective antitumour thera-
pies. In tumor cells, increased glucose metabolism results in the
production of H* ions.!"” This cytoplasmic acidification is harm-
ful to cells. To address this, vacuolar H+-ATPase (V-ATPase) is
overexpressed to maintain the cytoplasmic pH inside the tumor
cells, which causes extracellular acidification."!! Acidification
of tumor cells may enhance proliferation, tumourigenesis,
drug resistance, metastasis, and tumor progression.!'l PPI can
inhibit V-ATPase activity and augment cell death in colon ade-
nocarcinoma cell lines.'3! Histamine may induce the prolifer-
ation of nonsmall cell lung cancer cells.'" H-2 antagonists
inhibit angiogenesis and tumor growth in an in vivo model of
colon cancer!’! Additionally, H-2 is involved in mitogen-ac-
tivated protein kinase pathway activation, which is important
for tumor growth.!'”l Moreover, the H-2 antagonist cimetidine
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reduces tumor volume by restoring the expression of cytokines
such as lymphotoxin-B, tumor necrosis factor-a, interferon-v,
interleukin-10, and interleukin-15.0"! Furthermore, PPIs and
H-2 antagonists may improve the survival of patients with vari-
ous cancers, including lung cancer.*-24

Taken together, these results suggest that antacid medications
(PPIs and H-2 antagonists) may have chemopreventive potential
against lung cancer. It is important to determine the chemopreven-
tive potential of antacid medications to better inform decisions
regarding the appropriate medication. Therefore, we conducted
a population-based study to investigate the association between
antacid medication use and the incidence of lung cancer.

2. Methods
2.1. Study population and setting

This observational, population-based, longitudinal cohort study
used data from the Korean National Health Insurance Database.
There is only one health insurance system in South Korea, and
each citizen has a unique resident registration number, thereby
avoiding duplication of subjects. The Korean National Health
Insurance Service (KNHIS) covers more than 97% of all South
Korean residents and includes all health claims such as diagnos-
tic codes, procedures, prescribed drugs, patient personal infor-
mation, and hospital information. This study used data from
the National Health Insurance Service-National Sample Cohort
released by the KNHIS in 2015. The data included all medical
claims filed from January 2002 to December 2015 for 1,031,392
nationally representative randomly selected subjects, accounting
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for =2.2% of the entire population in the KNHIS in 2002. The
data were produced by the KNHIS using a systematic sampling
method to generate a representative sample of all 46,605,433
South Korean residents in 2002.151 The KNHIS data were linked
to Statistics Korea (National Statistical Office) data, resulting
in the accurate identification of deaths via the death certificate
record. The current study (2020-02-004) was approved by the
institutional review board (IRB) of Myongji Hospital. The IRB
waived the requirement for informed consent.

2.2. Study design

Data were collected from 1 January 2002 to 31 December 2010.
Data were reviewed for 4 years (January 2002 to December
2005) to identify information on smoking history and body mass
index from health examinations, which were conducted every 2
years in South Korea. Patients with lung cancer between 2002
and 2005 were excluded. We defined exposure to antacids as a
documented prescription. Data on cumulative antacid prescrip-
tions and lung cancer diagnoses from January 2006 to December
2010 were extracted. The duration of antacid administration was
calculated for patients newly diagnosed with lung cancer during
the follow-up period (from January 2006 until lung cancer diag-
nosis). For patients without lung cancer, the antacid prescription
period was calculated for the 5-year follow-up period.

2.3. Study population

Patients diagnosed with lung cancer between January 2006
and December 2010 were enrolled in this study (Fig. 1). This

From the entire national population, 1099094
subjects were randomly selected between January
and December 2002

Excluded 660193 subjects who were <40 years old

Excluded 1529 subjects because of lung cancer diagnosis

between January 2002 and December 2005

437372 subjects included in

the study between January
2006 and December 2010

A 4

301201 patients were exposure to more
than 14 days of antacid before
development of lung cancer during study
period (2006-2010)

v

1230 patients developed lung cancer
during study period (2006-2010)

Figure 1. Flow chart of patient selection.

A 4

136171 patients were no or less than 14
days of exposure of antacid before
development of lung cancer during study
period (2006-2010)

A 4

597 patients developed lung cancer
during study period (2006-2010)
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study enrolled only those patients aged >40 years. Subjects
were excluded if lung cancer was diagnosed between January
2002 and December 2005. The International Classification of
Diseases, 10th revision (ICD-10) codes were used as a key ref-
erence for diagnosing diseases and for identifying data within
the National Health Insurance (NHI) database. Patient comor-
bidities, which were diagnosed and identified using ICD-10
codes from 2002 until the index date, included diabetes (E11.x),
chronic kidney disease (N18.x), hypertension (I10.x), myocar-
dial infarction (I21.x, 125.x), chronic obstructive pulmonary
disease (J44.x), GERD (K21.x), and peptic ulcer (K27.x). In
health examination, a questionnaire related to cigarette smok-
ing (number of cigarettes per day, cigarette smoking period, and
nonsmoking period) is being conducted every 2 years. By col-
lecting these data, cigarette smoking history was evaluated in
individual patients from 2006 to 2010.

2.4. Definition of lung cancer

The diagnostic codes for lung cancer cases diagnosed before
2006 were maintained in the NHI database based on ICD-10.
New lung cancer cases were identified and counted by including
new cases registered during the calendar year, after excluding
preexisting lung cancer cases. Patients with lung cancer (C34)
were included only if they were identified with the codes V193
or V194, which were installed by the NHI to reduce patient
payment.

2.5. Assessment of antacid use

Antacids were defined as either H-2 antagonists or PPIs. The
cumulative duration of antacid use between January 2006 and
December 2010 was calculated for each participant until the
diagnosis of lung cancer or the end of the follow-up. If the dura-
tion of antacid administration was < 14 days, the patients were
placed in the underexposure group.?®! If the duration was > 14
days, the patients were placed into the exposure group. As bio-
logical potency and half-life are variable for each drug, we could
not take such characteristics into account. We considered only
the duration of antacid treatment in this study. There were not
enough patients treated with PPIs alone to assess the incidence
of lung cancer based on the antacid type. The antacid drug codes
that were counted are listed in Supplemental Table 1, http://
links.lww.com/MD/H266.

Although we could not find the exact indication for antac-
ids in each patient, we did consider common antacid indica-
tions, such as GERD and peptic ulcer diseases, in the statistical
analysis.

2.6. Statistical analysis

Baseline characteristics at the initiation date (age, sex, residen-
tial area, household income, smoking status, body mass index,
and comorbidities) for cases and controls were summarized
using descriptive statistics, such as proportions. The chi-square
test was used to compare the frequencies of risk factors between
the exposed and underexposed groups. Cox proportional haz-
ards models were used to evaluate risk factors for lung can-
cer development. Multivariate Cox regression models were
constructed using patient age groups (40-49, 50-59, 60-69,
70-79, and > 80 years), sex, household income (high, middle,
low, very low, and Medicaid), geographic location (capital, large
cities, and others), smoking status (current/ex-smoker, and never
smoker), comorbidities, body mass index, and antacid exposure.
The Kaplan—-Meier method was used to calculate the 5-year risk
of lung cancer development between the exposed and under-
exposed groups. Considering the rapid incidence of lung can-
cer in people aged 60 years or older,?”! sensitivity analyses of
lung cancer risk stratified by age 40 to 59 and > 60 years and

www.md-journal.com

smoking history. We performed additional analyses to assess the
association between the incidence of lung cancer and H-2 alone
and H-2 and proton pump inhibitor groups, as well as the pres-
ence or absence of GERD and the duration of use of an antacid,
which was defined as the sum of prescription days (categorized
by interquartile rage as none and < 14 days, 14-34 days, 35-77
days, 78-207 days, and > 208 days). Statistical significance was
set at P < .05. All statistical analyses were performed using the
SAS ver. 9.2 (SAS Institute, Cary, NC), and SPSS ver. 21 (IBM
Corp., Armonk, NY).

3. Reslults

3.1. Patient characteristics

A total of 437,372 participants aged > 40 years were included,
of whom 301,201 (68.9%) had > 14 days of antacid expo-
sure (exposed group). A total of 1230 (0.28%) patients in the
exposed group were diagnosed with lung cancer (Fig. 1). The
median duration of antacid treatment in the exposed group
was 78 (interquartile range: 35-208) days (Table 1). There
were 136,171 patients who had < 14 days of antacid expo-
sure (underexposed group), of whom 597 (0.44%) were diag-
nosed with lung cancer. The median follow-up time was 49.5
months. Patients in the exposed group were older than those in
the underexposed group. More than half of the patients in the
exposed group were women (n = 170,154, 56.5%), whereas less
than half of the patients in the no or underexposed group were
women (n= 56,603, 41.6%). Patients in the exposed group
were 4 and 5 times more likely to have experienced peptic ulcer
and GERD, respectively, than those in the underexposed group.
Among the H-2 blocker and PPI groups in the exposed group,
PPI prescription duration was approximately 30%.

3.2. Association between antacid use and incidence of
lung cancer

In the multivariable analysis, antacid exposure before the
diagnosis of lung cancer was independently associated with a
reduced incidence of lung cancer (hazard ratio [HR]: 0.64; 95%
confidence interval [CI]: 0.55-0.74; P < .001) (Table 2) (Fig. 2).

3.3. Sensitivity analysis

The risk associated with lung cancer was analyzed in the H-2
alone, H-2, and proton pump inhibitor groups, and the risk
of lung cancer according to the presence or absence of GERD
was also analyzed (Fig. 3). Next, we compared the risk of lung
cancer development based on the duration of antacid exposure.
Compared to an antacid duration of < 14 days, the HRs for lung
cancer development were 0.80 (95% CI: 0.67-0.96; P = .01) for
an antacid duration of 14 to 34 days, 0.58 (95% CI: 0.48-0.70;
P <.001) for an antacid duration of 35 to 77 days, 0.61 (95%
CI: 0.50-0.74; P <.001) for an antacid duration of 78 to 207
days, and 0.49 (95% CI: 0.40-0.61; P <.001) for an antacid
duration of > 208 days (Fig. 3). The effect of antacid treatment
was similar in ever smokers (adjusted HR: 0.62; 95% CI: 0.51-
0.75; P < .001) and never smokers (adjusted HR: 0.65; 95% CI:
0.53-0.80; P < .001).

4. Discussion

Our longitudinal population-based study showed that antacid
use might be independently associated with a decreased risk of
lung cancer development. Exposure to antacids (PPIs and/or
H-2 antagonists) in individuals reduced the incidence of lung
cancer by 6 patients per 1000 patients over 5 years, which is a
36% reduction in lung cancer risk compared to the no or under-
exposure group.
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Baseline characteristics of participants.

Exposure to antacid No or underexposureto P
Characteristic (n = 301,201) antacid (n = 136,171)  value
Sex <.001
Male 131,047 (43.5) 79,568 (58.4)
Age (yn) <.001
40-49 103,483 (34.4) 72,592 (53.3)
50-59 85,739 (28.5) 35,832 (26.3)
60-69 64,255 (21.3) 16,571 (12.2)
70-79 38,796 (12.9) 8452 (6.2)
>80 8928 (3.0) 2724 (2.0)
Baseline comorbidity
Hypertension 138,358 (45.9) 36,530 (26.8) <.001
Diabetes 83,247 (41.6) 19,999 (14.7) <.001
GERD 142,342 (47.3) 12,947 (9.5) <.001
Peptic ulcer 134,232 (44.6) 15,570 (11.4) <.001
Chronic kidney disease 3687 (1.2) 739 (0.5) <.001
History of myocardial 6591 (12.6) 1399 (1.0) <.001
infarction
Chronic obstructive 28,134 (9.3 3911 (2.9) <.001
pulmonary disease
Cerebrovascular 46,486 (15.4) 8028 (5.9) <.001
diseases
Risk factors
BMI > 25 94,368 (36.1) 35,556 (34.3) <.001
Smoking status <.001
(missing
n = 85,160)
Current 48,299 (16.0) 28,445 (20.9)
Ex-smoker 23,318 (7.7) 11,530 (8.5)
Never smoker 180,271 (59.8) 60,347 (44.3)
Place of residence <.001
Seoul, capital city 58,055 (19.3) 31,035 (22.8)
Large cities 76,744 (25.5) 35,790 (26.3)
Small cities and rural 166,402 (55.2) 69,346 (50.9)
area
Household income <.001
relative to the
median (%)
90-100 86,851 (28.8) 38,576 (28.3)
60-89 86,609 (28.8) 40,314 (29.6)
30-59 64,712 (21.5) 32,183 (23.6)
10-29 44,368 (14.7) 20,327 (14.9)
0-9 18,861 (6.2) 4771 (3.5)
Year of enroliment <.001
2006 197,444 (65.6) 77,478 (56.9)
2007 57,726 (19.2) 19,061 (14.0)
2008 26,259 (8.7) 15,215 (11.2)
2009 13,290 (4.4) 13,113 (9.6)
2010 6482 (2.2) 11,304 (8.3)
Antacid treatment <.001
duration (d)
<14 0(0) 136,171 (100)
14-34 73,565 (24.4) 0(0)
35-77 76,163 (25.3) 0(0)
78-207 75,963 (25.2) 0(0)
>208 75,510 (25.1) 0(0)
Antacid medication
H-2 alone 170,249 (56.5)
H-2 and proton 127,519 (42.3)
pump inhibitor
Proton pump 3433 (1.2)
inhibitor alone
Pneumonia, hospitalized 8613 (2.8) 1475 (1.0) <.001
Lung cancer 1230 (0.28) 597 (0.43) 15

development

Values are presented as number (%).

BMI = body mass index, GERD = gastroesophageal reflux disease, H-2 = histamine H, receptor.

Medicine

As the mutation burden increases with age,**! it is likely
that cancer can develop even with a small trigger in the elderly.
However, the ability of H-2 antagonists and PPIs to reduce the
incidence of lung cancer in the elderly (260 years) and younger
than 60 years were similar. The incidence of lung cancer is
dependent on the duration of antacid exposure. The HR for
lung cancer development was the lowest among patients who
had antacid exposure >208 days over 5 years (average, 42
days a year). Based on these results, active prescription of ant-
acids should be considered for patients aged >40 years. Active
prescriptions may be especially valuable, as many patients
have only minimal respiratory symptoms or chest discomfort,
and some patients have no complaints, also known as silent
aspiration.30-32l

It has been reported that PPI acts as a chemosensitizer for
the treatment of osteosarcoma, and it is reported that it has an
anticancer effect in breast cancer and gastrointestinal cancer.®*!
In animals with refractory cancer, the effect of reversing chemo-
resistance was also observed when high-dose PPIs were used.?**!
Since PPI use is associated with a reduction in the incidence of
breast cancer,3%3¢ it has been suggested that PPIs may also have
a preventive effect on cancer. There is an excellent review on the
repurposing of PPIs for anticancer treatment.’”! In this study,
there were few patients in the PPI-only group, so we could not
analyze only the PPI group, but in the H-2 and proton pump
inhibitor groups, 72% of the drugs consisted of PPL so the effect
of PPL is likely to be greater than that of H-2. From this point of
view, it was estimated that PPIs would be effective in prevent-
ing lung cancer in this study. Further analysis showed that H-2
alone, H-2, and proton pump inhibitors were effective, suggest-
ing that the development of lung cancer is also likely related to
acid aspiration.

A disadvantage of this cohort study was that the latency
period of antacids in cancer development was not considered.
Therefore, when interpreting the association between antacid
use and lung cancer in this study, cancer prevention does not
seem to mean cancer prevention alone. These results may be
due to the effects of antacids in all processes, such as initia-
tion, promotion, progression, invasion, and metastasis of lung
cancer.

The relationship between antacid administration and the
incidence of lung cancer was similar in ever smokers and
never smokers (adjusted HRs 0.65 and 0.62, respectively).
Therefore, the effect of antacids on lung cancer develop-
ment may be independent of cigarette smoking-related
carcinogenesis.

This study had some limitations. First, among the 301,201
patients in the exposed group, approximately 3400 were
administered PPIs alone. Therefore, the relationship between
the administration of PPIs alone and the incidence of lung
cancer could not be analyzed. Second, our data source did
not provide information on lung cancer staging or histology;
therefore, we could not assess these variables. Third, comor-
bidities were defined based on ICD codes, which should have
been validated using patient records. However, this database
consists of random samples of national insurance claims data,
without identification numbers. Therefore, it was not possible
to validate the data of the individual cases through a chart
review.

5. Conclusion

In this population-based observational study, patients exposed
to antacid medications (PPIs and/or H-2 antagonists) had a
lower incidence of lung cancer than those with no exposure or
underexposure. This finding may have implications for the che-
moprevention of lung cancer.



€202/02/90 uo

IHGTSHIRA+ZY8AAAAVO/FIAEIOPIASALLIAIPOOAEIEAHION/AOAUMYTXOM

ADUOINXTOHISABZIY 1A+ NIOITWNOIZTACY HJESHIAAUE AQ [eunol-puw/wod’ mm|sfeulnoly/:dny wouj papeojumoq

Go et al. ® Medicine (2022) 101:36

www.md-journal.com

Univariate and multivariate Cox regression analyses for factors associated with the development of lung cancer.

Cases, n Univariate Multivariate

Variables Lung cancer No lung cancer HR (95% CI) Pvalue HR (95% CI) Pvalue
Men (reference: women) 1289 209,328 2.59 (2.35-2.87) <.001 2.16 (1.85-2.51) <.001
Age group (yr)

40-49 (reference) 117 175,958

50-59 329 121,242 4.09 (3.31-5.05) <.001 4.08 (3.16-5.26) <.001

60-69 628 80,198 11.90 (9.77-14.50) <.001 12.38 (9.69-15.81) <.001

70-79 625 46,623 21.00 (17.23-25.58) <.001 21.56 (16.70-27.83) <.001

>80 128 11,524 18.87 (14.69-24.25) <.001 20.69 (14.59-29.35) <.001

Hypertension 962 173,926 1.69 (1.54-1.85) <.001 0.89 (0.79-1.02) .09

Diabetes 568 102,678 1.47 (1.34-1.63) <.001 1.00 (0.87-1.13) 99

GERD 545 154,744 0.76 (0.69-0.84) <.001 0.83(0.72-0.95) .007

Peptic ulcer 601 149,201 0.93 (0.85-1.03) 19 0.90 (0.79-1.02) 11
Chronic kidney disease 24 4402 1.41(0.94-2.11) .09 0.72 (0.39-1.30) .28

History of myocardial infarction 53 7937 1.68 (1.28-2.22) <.001 1.01 (0.72-1.42) 92
Chronic obstructive pulmonary disease 568 31,477 5.89 (5.33-6.51) <.001 3.11(2.72-3.55) <.001

Cerebrovascular diseases 330 54,184 1.60 (1.41-1.80) <.001 0.91(0.77-1.06) 24
BMI > 25 (reference: BMI < 25) 322 129,602 0.65 (0.57-0.74) <.001 0.75 (0.65-0.85) <.001
Current or ex-smoker (reference: never smoker) 589 111,003 2.19 (1.95-2.45) <.001 1.67 (1.46-1.91) <.001
Residential area

Seoul, Capital city (reference) 331 88,759

Large cities 423 112,111 1.01(0.87-1.17) .85 3 (0.85-1.24) 71

Small cities and rural area 1073 234,675 1.23 (1.08-1.39) .001 16 (0.98-1.3 .07
Household income relative to the median (%)

90-100 (reference) 520 124,907

60-89 492 126,431 0.93 (0.82-1.05) .28 0.95(0.82-1.11) .57

30-59 398 96,497 0.99 (0.87-1.12) .89 1.05 (0.89-1.23) .53

10-29 268 64,427 1.00 (0.86-1.16) .98 0.95(0.79-1.14) .60

0-9 149 23,283 1.58 (1.32-1.90) <.001 0.74 (0.51-1.07) A
Antacid exposure (reference: no or underexposure) 1230 299,971 0.61 (0.54-0.68) <.001 0.64 (0.55-0.74) <.001

BMI = body mass index, Cl = confidence interval, GERD = gastroesophageal reflux disease, HR = hazard ratio.

2.0

1.5 7

1.0 7

0.5 7

Incidence of lung cancer (%)

0.0

No or underexposure to antacid
Exposure to antacid

Years of Follow-up

Figure 2. Kaplan-Meier analyses for the development of lung cancer based on antacid medications (proton pump inhibitors and/or histamine-2 receptor

antagonists).
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<60 years —————— 0.65 (0.56-0.75)

=60 years ——— 0.60 (0.54-0.65)

Ever smoker ] 0.65 (0.53-0.80)

Never smoker — e 0.62 (0.51-0.75)

GERD No —— 0.68 (0.63-0.74)

GERD Yes . 0.58 (0.51-0.66)

H2 blocker only e 0.59 (0.54-0.64)

H2 blocker plus PPI — 0.69 (0.62-0.76)

14-34 days of therapy . 0.80 (0.67-0.96)

35-77 days of therapy i E— 0.58 (0.48-0.70)

78-207 days of therapy ———————— 0.61(0.50-0.74)

=208 days of therapy —_—,——— 0.49 (0.40-0.61)
0.2 0.4 0.6 0.8 1 1.2

Antacid Better

No Antacid Better

Figure 3. Adjusted hazard ratios (confidence interval) for the development of lung cancer according to sex, age, history of cigarette smoking, presence or
absence of GERD, type of antacid medications (histamine-2 receptor antagonists alone, or proton pump inhibitors and histamine-2 receptor antagonists), and
duration of antacid medication (interquartile range). All analyses have been adjusted for the age at baseline, sex, smoking history, presence of obesity, comor-
bidities, place of residence, and household income. GERD = gastroesophageal reflux disorder, H-2 = histamine H, receptor-2, PPl = proton pump inhibitor.
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