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Background/Aims: We investigated the incidences of overall and site-specific malignancies and chemopreventive effects of
statin, metformin, and aspirin in patients with ulcerative colitis. Methods: We collected data using the Health Insurance Review
and Assessment claims database from January 2007 to April 2020. Results: The overall malignancy risk among the 35,189 ulcer-
ative colitis patients was similar to that of the general population (standardized incidence ratio, 0.94; 95% confidence interval,
0.88-1.00). In male patients, standardized incidence ratios were high for thyroid cancer and low for stomach cancer, colorectal
cancer, liver cancer, and lung cancer. Concurrently, standard incidence ratios were high for liver cancer and central nervous
system cancer in female patients. While 122 cases of colorectal cancer occurred in the study patients, the standardized inci-
dence ratio was 0.83 (95% confidence interval, 0.69-0.99). Treatment for ulcerative colitis was not associated with an increased
adjusted hazard ratio, while comorbidities increased it for all malignancies. Treatment for ulcerative colitis was associated with
an increased adjusted hazard ratio, while comorbidities did not increase it for colorectal cancer. After adjusting for age, sex,
comorbidities, and ulcerative colitis treatment, statins showed a dose-dependent chemopreventive effect for all malignancies
(P=0.002), while metformin and aspirin did not show any. Conclusions: In ulcerative colitis patients, standardized incidence
ratios for all malignancies and colorectal cancer did not increase. Adjusted hazard ratios for all malignancies increased with co-
morbidities and those for colorectal cancer with ulcerative colitis treatment. Statins have a dose-dependent chemopreventive
effect for all malignancies. (Intest Res, Published online)
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease main-
ly affecting the colon. The disease has the potential to cause
immune-mediated extraintestinal manifestations of organs
other than the colon, such as the eye, the joints, the biliary tract,
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and the skin.' Previous studies showed that chronic inflam-
mation contributes to the development of malignancies by
promoting genetic and epigenetic aberrations.” Likewise, in-
creased incidence of colorectal cancer (CRC) in UC patients
has already been reported by several studies.’ Previous studies
have also proven that medications used for the treatment of
UC increase the risks of malignancies. Increased risks of lym-
phoma and skin cancer by the use of thiopurines' and anti-tu-
mor necrosis factor-a (anti-TNF-a) agents™ have been noted.
Therefore, in UC patients, the risks of malignancies may increase
not only due to the disease itself but also its treatment.
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Meanwhile, chemopreventive effects of statin, metformin,
and aspirin on several malignancies have been demonstrated
by several studies. For example, statin showed a dose-depen-
dent chemopreventive effect for hepatocellular carcinoma in
patients with chronic hepatitis B.” Metformin was reported as
an anti-proliferative, chemopreventive and apoptosis-induc-
ing agent in the pathogenesis of CRC.” The chemopreventive
effect of aspirin in CRC has been more clearly demonstrated
and is used in clinical practice.’

There are limited long-term and large-scale studies evaluat-
ing the risks of overall malignancies in UC patients. Moreover,
there are also limited studies on chemopreventive effects of
statin, metformin, and aspirin for malignancies in UC patients.
Therefore, we conducted a nationwide population-based study
to investigate incidences of overall and site-specific malignan-
cies and chemopreventive effects of statin, metformin, and as-
pirin in UC patients.

METHODS

1. Data Sources

The Korean National Health Insurance (NHI) and Health In-
surance Review and Assessment Service (HIRA) claim data-
bases were used in this study. The South Korean government
operates the NHI system, which functions as a single insurer
that provides health insurance to all Koreans. All healthcare
utilization information is collected during the reimbursement
of healthcare institutions and registered in a comprehensive
database operated by the HIRA. The database contains infor-
mation on demographic characteristics, principal diagnosis
and comorbidity (using the 10th International Classification
of Disease codes), history of hospitalization and ambulatory
care, prescriptions, and medical procedures. As the NHI sys-
tem covers almost 98% of the total population of South Korea,
the data can be regarded as representing the medical charac-
teristics of Koreans,"” and used for political decisions and aca-
demic research."

Since 2006, the NHI has operated a patient registration sys-
tem to relieve the financial burden of medical expenses for
patients with severe diseases. Several categories of diseases
are included in the registration system, including rare intracta-
ble diseases (RIDs) and malignancies. Diagnosis of the disease
is based on the uniform diagnostic criteria announced by the
NHI and carefully reviewed by the healthcare institution and
the NHI before registration. Once registered, the patients can
benefit from paying only 5% to 10% of their medical expenses
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as the rest is reimbursed by the NHIL"

Since 1980, the Korea Central Cancer Registry, established
by the Ministry of Health and Welfare, has collected nation-
wide hospital-based cancer incidence data and provides an-
nual statistics on cancer incidence and survival via the Korean
Statistical Information Service (KOSIS)."

2. Identification of Incident UC Patients and Follow-up
We identified incident UC patients using the HIRA claims da-
tabase between January 2008 to April 2019. A year of washout
period was set to exclude prevalent cases. Only patients who
were followed up for at least 1 year were included for a mini-
mum observation period of outcome occurrence. For more
accurate identification of the UC patients, the prescription re-
cords of UC medication and diagnostic codes were used in
combination. UC patients were defined as those who met all
of the following 3 criteria: (1) diagnostic codes for UC (K51.0—
51.9) in the principal or subsidiary diagnostic field; (2) RID
registration code for UC (V131); and (3) prescription of 5-ami-
nosalicylate suppository or per oral for more than twice and
>30 days." Each participant was followed up to the incidence
of cancer or the last follow-up date of the study database (April
30, 2020), whichever came first.

3. Extraction of Covariables from the HIRA Claims

Database
Data on baseline demographic characteristics (age, sex, and
year at diagnosis of UC) and comorbidities were extracted from
the HIRA claims database. Data on prescription records of UC
medications, statin, metformin, and aspirin after diagnosis of
UC were extracted as well.

The investigated comorbidities and diagnostic codes were
as follows: primary sclerosing cholangitis (K83, K87, and V262),
hypertension (I10-13, I15), diabetes mellitus (E10-14), coro-
nary vascular disease (120-25), cerebrovascular disease (160-
69), dyslipidemia (E78) and chronic kidney disease (N18 and
dialysis code 0701-709)." Comorbidities were investigated at
diagnosis of UC and cumulatively assessed during the follow-
up period.

Prescription records of UC medications were investigated.
To reflect the severity of UC and treatment requirements to
control the disease, UC patients were grouped according to
the UC treatment at the highest level during the follow-up pe-
riod. The groups were as follows: (1) 5-aminosalicylate sup-
pository only; (2) 5-aminosalicylate per oral with/without
suppository; (3) immunomodulator; (4) one biologics or small
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molecules; and (5) two or more kinds of biologics or small mol-
ecules. Prescription records of UC medications were cumula-
tively assessed by each year during the follow-up period.

Prescription records of all approved statins (simvastatin,
pravastatin, rosuvastatin, atorvastatin, lovastatin, fluvastatin,
cerivastatin, and pitavastatin), metformin, and aspirin in a sin-
gle formulation or a composite formulation with other com-
ponents were investigated. If prescribed for more than 30 days,
the medications were considered used. To evaluate dose-strat-
ified chemopreventive effect of the medications, the patients
were grouped according to the duration of prescription during
the follow-up period. Prescription records of statins, metformin,
and aspirin were cumulatively assessed by each year during
the follow-up period. In the study, the minimum exposure-out-
come interval between administration of the drugs (statin, met-
formin, and aspirin) and the occurrence of malignancies was
setas 1 year.

In UC patients diagnosed with CRC during the study period,
data on year at diagnosis and location of CRC were extracted.

4. Investigation of Cancer Incidence in the General
Population and UC Patients

In the general population, incidences were investigated as all
malignancies and site-specific malignancies as presented on
the KOSIS (Supplementary Table 1). At the time of the study,
only incidences from 2008 to 2018 were available on the KO-
SIS. Therefore, the values of 2019 and 2020 were substituted
with the value of 2018 when calculating standardized incidence
ratios (SIR).

Patients who meet criteria (i) and (ii)
(h=50,663)

\4
Patients who meet criteria (iii)
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In the UC cohort defined by the HIRA claims database, in-
cidences of all malignancies and site-specific malignancies af-
ter diagnosis of UC were investigated using the same C codes
as the KOSIS data and the V193, V194, and V027 codes for RID.
Patients with any C codes and V193, V194, and V027 codes
during the washout period were considered prevalent malig-
nancy cases and excluded from analyses. When evaluating an
incidence of CRC in the UC cohort, patients were censored at
the time of colectomy because of reasons other than CRC, such
as medically intractable state of UC or toxic megacolon.'®

In the UC cohort, the observation period was separated by
calendar year of start and stop, and observed cases were also
separated by calendar year of cancer incidence. Sex and age-
specific incidences of the same calendar year for malignan-
cies were extracted from the KOSIS data and cumulative sum
of observed duration in each UC patient was assessed. To cal-
culate SIR, the number of observed cases in the UC cohort dur-
ing the study period was divided by the number of expected
cases calculated by incidences of the same calendar year in
the general population, considering the time trends of the in-
cidences in malignancies [Expected casey,, =Y, (Incidence

rateczllcndcr year X Observed durati()ncalcndcr /100'000)]

year
5. Statistical Analysis

Categorical and nominal variables were expressed as numbers
with percentages, and continuous variables were expressed as
medians (interquartile ranges). Cox proportional regression
analysis was performed to investigate risk factors associated
with outcome events. After evaluating crude hazard ratios (HRs)

Patients who doesn't meet criteria (jii)

(n=46,774)

y
Presumed incident UC cases

(n=3,889)

v
Presumed prevalent UC cases

\ 4

(n=36,289)

v
Incident UC cases without prevalent
malignancies at diagnosis
(n=36,189)

Fig. 1. Patients flow diagram. UC, ulcerative colitis.
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v
Incident UC cases with prevalent
malignancies at diagnosis
(n=36,189)
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Table 1. Baseline Characteristics of Patients Diagnosed with Ulcerative Colitis

Characteristics Total (n=35,189) Male (n=21,368) Female (n=13,821)

At diagnosis of ulcerative colitis

Age at diagnosis of ulcerative colitis (yr) 41 (29-54) 41 (28-54) 41 (29-53)
<30 9,422 (26.78) 5,794 (27.12) 3,628 (26.25)
30-39 7,160 (20.35) 4,203 (19.67) 2,957 (21.39)
40-49 7,047 (20.03) 4,281 (20.03) 2,766 (20.01)
50-59 6,268 (17.81) 3,898 (18.24) 2,370 (17.15)
> 60 5,292 (15.04) 3,192 (14.94) 2,100 (15.19)

Year at diagnosis of ulcerative colitis
2008.1-2011.12 11,176 (31.76) 6,544 (30.63) 4,632 (33.51)

2012.1-2015.12
2016.1-2019.4

Comorbidity (at diagnosis of ulcerative colitis)

12,029 (34.18)
11,984 (34.06)

7,323 (34.27)
7,501 (35.10)

4,706 (34.05)
4,483 (32.44)

Primary sclerosing cholangitis 232 (0.66) 149 (0.70) 83 (0.60)
Hypertension 5327 (15.14) 3,553 (16.63) 1,774 (12.84)
Diabetes mellitus 3,196 (9.08) 2,158 (10.10) 1,038 (7.51)
Coronary vascular disease 1,361 (3.87) 939 (4.39) 422 (3.05)
Cerebrovascular disease 974 (2.77) 630 (2.95) 344 (2.49)
Dyslipidemia 8,024 (22.80) 5,095 (23.84) 2,929 (21.19)
Chronic kidney disease 163 (0.46) 119 (0.56) 44 (0.32)
Cumulative data during the study period
Comorbidity
Primary sclerosing cholangitis 1,226 (3.47) 746 (3.48) 480 (3.46)
Hypertension 8,940 (25.41) 5,901 (27.62) 3,039 (21.99)
Diabetes mellitus 8,798 (25.00) 5,540 (25.93) 3,258 (23.57)
Coronary vascular disease 3,747 (10.65) 2,434 (11.39) 1,313 (9.50)
Cerebrovascular disease 3,065 (8.71) 1,837 (8.60) 1,228 (8.89)
Dyslipidemia 20,644 (58.67) 12,558 (58.77) 8,086 (58.51)
Chronic kidney disease 571 (1.62) 395 (1.85) 176 (1.27)
Ulcerative colitis treatment
Conventional therapeutics
5-Aminosalicylate, suppository 27,602 (78.44) 16,550 (77.45) 11,052 (79.97)
5-Aminosalicylate, per oral 30,915 (87.85) 18,789 (87.93) 12,126 (87.74)
Immunomodulator (thiopurines, methotrexate) 8,456 (24.03) 5,502 (25.75) 2,954 (21.37)
Biologics or small molecules (any) 3,963 (11.27) 2,531 (11.84) 1,432 (10.36)
Infliximab 2,724 (7.74) 1,724 (8.07) 1,000 (7.24)
Adalimumab 1,491 (4.24) 964 (4.51) 527 (3.81)
Golimumab 468 (1.33) 304 (1.42) 164 (1.19)
Vedolizumab 441 (1.25) 273 (1.28) 168 (1.22)
Ustekinumab 31(0.09) 20 (0.09) 11 (0.08)
Tofacitinib 272 (0.77) 186 (0.87) 86 (0.62)

(Continued to the next page)
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Table 1. Continued
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Characteristics

Total (n=35,189)

Male (n=21,368)

Female (n=13,821)

Groups according to the highest level of ulcerative colitis treatment
5-Aminosalicylate suppository only
5-Aminosalicylate per oral with/without suppository
Immunomodulator
One biologics or small molecules
Two or more kinds of biologics or small molecules

Statin, metformin, and aspirin use
No statin, metformin or aspirin use
Statin mono
Metformin mono
Aspirin mono
Statin+metformin
Statin+aspirin
Metformin+aspirin

Statin+metformin+aspirin

3,524 (10.01) 2,077 (9.72) 1,447 (10.47)
22,493 (63.92) 13,355 (62.50) 9,138 (66.12)
5,209 (14.80) 3,405 (15.94) 1,804 (13.05)
2,877 (8.18) 1,845 (8.63) 1,032 (7.47)
1,086 (3.09) 686 (3.21) 400 (2.89)
26,166 (74.36) 15,599 (73.00) 10,567 (76.46)
4,009 (11.39) 2,367 (11.08) 1,642 (11.88)

502 (1.43) 379 (1.77) 123 (0.89)
1,014 (2.88) 647 (3.03) 367 (2.66)
1,054 (3.00) 735 (3.44) 319 (2.31)
1,558 (4.43) 1,003 (4.69) 555 (4.02)

152 (0.43) 103 (0.48) 49 (0.35)

734 (2.09) 535 (2.50) 199 (1.44)

Values are presented median (range) or number (%).

of independent variables, adjustment for age, sex, comorbidi-
ty, and the UC treatment group was performed. All statistical
analyses were performed using SAS Enterprise Guide software
version 7.1 (SAS Institute Inc., Cary, NC, USA) and SPSS Ver-
sion 21 (IBM Corp., Armonk, NY, USA). Statistical significance
was set at P<0.05.

6. Ethical Considerations

This study was conducted in accordance with the Declaration
of Helsinki and its later amendments. All discriminable per-
sonal information of the patients was not provided from the
HIRA claims database and the KOSIS. The study protocol was
approved by the Institutional Review Board (IRB No. HPIRB
2020-06-003-001).

RESULTS

1. Baseline Characteristics

In this nationwide population-based study, 36,289 patients
were defined as patients who were newly diagnosed with UC
and followed for at least 1 year. After excluding 1,100 patients
as prevalent malignancy cases, the remaining 35,189 patients
were finally included in the analyses (Fig. 1). Among the study
patients, 60.72% were male. The study patients were 41 years
(range, 29-54 years) old at diagnosis of UC (Table 1). During
the study period, the most common comorbidity was dyslip-
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idemia (58.67%). Cumulative proportion of patients having
primary sclerosing cholangitis during the study periods was
3.47% (Table 1).

Most of the patients used a 5-aminosalicylate suppository
(78.44%) and peroral formula (87.85%). Less than a quarter
(24.03%) used immunomodulators, and 11.27% used any kind
of biologics or small molecules. The most commonly used bio-
logics or small molecules were infliximab (7.74%) and adalim-
umab (4.24%). According to the UC treatment group, 73.93%
used only 5-aminosalicylates. The proportion of patients who
used biologics or small molecules was 11.27%. Among them,
1,086 patients (3.09%) used more than two kinds of biologics or
small molecules (Table 1).

About 3 quarters (74.36%) did not use statin, metformin, or
aspirin during the study period. Proportions of patients who
used statin, metformin, and aspirin were 20.91%, 6.95%, and
9.83%, respectively (Table 1).

2. Incidences of Overall and Site-Specific Malignancies
in UC Patients
During the study period, 1,086 patients (3.09%) were identi-
fied to be newly diagnosed with some kind of malignancy (610
males and 476 females). Risk for overall malignancies in the
UC cohort was similar to that in the general population (SIR,
0.94; 95% confidence interval [CI], 0.88-1.00). According to
sex, SIR was slightly higher in female patients (SIR, 1.11; 95%
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CI, 1.02-1.22) than in male patients (SIR, 0.84; 95% CI, 0.77—
0.91). In male patients, SIRs were high for thyroid cancer (SIR,
1.37;95% CI, 1.04-1.77) and low for stomach cancer (SIR, 0.49;
95% CI, 0.38-0.63), CRC (SIR, 0.77; 95% CI, 0.61-0.95), liver
cancer (SIR, 0.76; 95% CI, 0.58-0.98) and lung cancer (SIR, 0.77;
95% CI, 0.62-0.95). In female patients, SIRs were high for liver
cancer (SIR, 1.72;95% CI, 1.11-2.53) and central nervous sys-
tem cancer (SIR, 2.49; 95% CI, 1.07-4.90) (Table 2).

3. Incidence and Characteristics of CRC in UC Patients
After censoring patients who underwent colectomy because
of reasons other than CRC, 122 patients (0.35%) were identi-
fied as patients who were newly diagnosed with CRC during
the study period (81 males and 41 females). The risk for CRC
in the UC cohort was slightly lower than that in the general pop-

Intest Res, Published online

ulation (SIR, 0.83; 95% CI, 0.69-0.99). According to sex, SIR
was slightly higher in female patients (SIR, 0.99; 95% CI, 0.71-
1.35) than in male patients (SIR, 0.77; 95% CI, 0.61-0.95) (Ta-
ble 2).

Among 122 UC patients and CRC, the median ages at diag-
nosis of UC and CRC were 50 years (range, 39-64 years) and
55 years (range, 44-66 years), respectively. In UC patients with
CRC, the median interval from diagnosis of UC to diagnosis of
CRC was 4 years (range, 2-8 years). While the location of CRC
was not classifiable in 20.49%, most of the CRCs were located
in the rectosigmoid colon (59.01%) (Table 3).

4. Risk of All Malignancies and CRC by Comorbidities
and UC Treatment
After adjustment with age and sex, hypertension (adjusted

Table 3. Baseline Characteristics of Patients Diagnosed with Colorectal Cancer and Ulcerative Colitis

Characteristic

Total

Male

Female

No. of patients
Age at diagnosis of ulcerative colitis (yr)
<30
30-39
40-49
50-59
>60
Age at diagnosis of colorectal cancer (yr)
<30
30-39
40-49
50-59
>60
Year at diagnosis of colorectal cancer
2008.1-2011.12
2012.1-2015.12
2016.1-2019.4

Interval from diagnosis of ulcerative colitis to diagnosis of
colorectal cancer (yr)

Location of colorectal cancer
Ascending colon, hepatic flexure
Transverse colon, splenic flexure
Descending colon
Sigmoid colon
Rectum

Unclassified

122/35,189 (0.35)

81/21,368 (0.38)

41/13,821(0.30)

50 (39-64) 49 (37-63) 52 (41-65)
15 (12.30) 12 (14.81) 3(7.32)
18 (14.75) 14(17.29) 4(9.76)
27 (22.13) 18 (22.22) 9 (21.95)
26 (21.31) 15 (18.52) 11 (26.83)
36 (29.51) 22 (27.16) 14 (34.15)
55 (44-66) 54 (41-66) 57 (48-72)
11(9.02) 8(9.88) 3(7.32)
12 (9.84) 10 (12.35) 2 (4.88)
21(17.21) 15 (18.52) 6(14.63)
34 (27.87) 20 (24.69) 14 (34.15)
44 (36.07) 28 (34.57) 16 (39.02)
8 (6.56) 5(6.17) 3(7.32)
31 (25.41) 18 (22.22) 13 (31.71)
83 (68.03) 58 (71.60) 25 (60.98)
4(2-8) 5(2-8) 4(1-6)
17 (13.93) 9 (11.11) 8 (19.51)
7 (5.74) 6(7.41) 1(2.44)
1(0.82) 1(1.23) 0
16 (13.11) 13 (16.05) 3(7.32)
56 (45.90) 34 (41.98) 22 (53.66)
25 (20.49) 18 (22.22) 7 (17.07)

Values are presented median (range) or number (%).
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HR, 1.242; 95% CI, 1.081-1.428; P=0.002), coronary vascular
disease (adjusted HR, 1.240; 95% CI, 1.004-1.530; P=0.046),
cerebrovascular disease (adjusted HR, 1.265; 95% CI, 1.017—
1.575; P=0.035), dyslipidemia (adjusted HR, 1.161; 95% CI,
1.023-1.319; P=0.021) and chronic kidney disease (adjusted
HR, 1.775; 95% CI, 1.155-2.729; P=0.009) were significantly
associated with increased HR for all malignancies, while pri-
mary sclerosing cholangitis (adjusted HR, 1.615; 95% CI, 0.984-
2.650; P=0.058) and diabetes mellitus (adjusted HR, 1.127; 95%
CI, 0.964-1.317; P=0.135) were not. For CRC, all investigated
comorbidities did not show significant association with incre-
ased adjusted HRs (Table 4). The cumulative incidence of CRC
in UC patients showed a significant difference between groups
according to the age at diagnosis of UC, and the higher the age
at diagnosis of UC, the higher the cumulative incidence of CRC
(Fig. 2, Supplementary Figs. 1, 2).

The UC treatment groups were significantly associated with
increased adjusted HRs for CRC. Moreover, the higher the UC
treatment group rank; the greater the increase of adjusted HRs
for CRC (P<0.001). When setting the 5-aminosalicylate sup-
pository only group as a reference, adjusted HRs for CRC in-
creased in the 5-aminosalicylate per oral with/without suppos-
itory group (adjusted HR, 2.498; 95% CI, 1.092-5.715; P=0.030),
immunomodulator group (adjusted HR, 3.452; 95% CI, 1.392—
8.558; P=0.008), one biologics or small molecules group (ad-

INTESTINAL RESEARCH

justed HR, 4.877; 95% CI, 1.857-12.810; P=0.001) and two or
more kinds of biologics or small molecules group (adjusted HR,
13.456; 95% CI, 4.840-37.406; P<0.001) in order. However, the
analysis did not show a significant association with increased
adjusted HRs for all malignancies with respect to the UC treat-
ment groups (Table 4). The cumulative incidence of CRC in
UC patients showed a significant difference between groups
according to the UC treatment groups, and the higher the UC
treatment groups, the higher the cumulative incidence of CRC
(Fig. 3, Supplementary Figs. 3, 4).

5. Risk of All Malignancies by Use of Statin, Metformin,
and Aspirin in UC Patients
Statin, metformin, and aspirin seemed to have association with
increased crude HR for all malignancies. Crude HR for all ma-
lignancies in UC patients who used statin was 1.823 (95% CI,
1.590-2.091; P<0.001), and the longer use of statin, the greater
increase of crude HRs for all malignancies (P<0.001). For met-
formin and aspirin use, crude HRs for all malignancies were
1.957 (95% CI, 1.614-2.373; P<0.001) and 2.557 (95% CI, 2.203-
2.969; P<0.001), respectively, while they did not increase with
the duration of use (P<0.001). However, after adjusting with
age, sex, comorbidities, and the UC treatment group, statin
(adjusted HR, 0.764; 95% CI, 0.645-0.905; P=0.002) showed
chemopreventive effect for all malignancies while metformin

Table 4. Risk of All Malignancies and Colorectal Cancer in Groups by Comorbidities and Ulcerative Colitis Treatment (Adjusted for Age

and Sex)

All malignancies

Colorectal cancer

Adjusted HR (95% ClI) P-value

Adjusted HR (95% CI) P-value

Comorbidity

Primary sclerosing cholangitis
Hypertension
Diabetes mellitus
Coronary vascular disease
Cerebrovascular disease
Dyslipidemia
Chronic kidney disease
Type of ulcerative colitis treatment at the highest level
5-Aminosalicylate suppository only
5-Aminosalicylate per oral with/without suppository
Immunomodulator
One biologics or small molecules

Two or more kinds of biologics or small molecules

1.615 (0.984-2.650
1.242 (1.081-1.428
1.127 (0.964-1.317
1.240 (1.004-1.530
1.265 (1.017-1.575)
1.161 (1.023-1.319)
1.775 (1.155-2.729)

Reference
1.250 (0.995-1.570)
1.305 (0.955-1.783)
1.412 (0.978-2.041)
1.116 (0.871-1.431)

) 0.058 1.002 (0.406-2.470) 0.997
) 0.002 0.799 (0.492-1.298) 0.365
) 0.135 0.702 (0.391-1.263) 0.238
) 0.046 1.294 (0.650-2.575) 0.463
0.035 0.552 (0.203-1.499) 0.243
0.021 0.789 (0.513-1.213) 0.280
0.009 1.599 (0.395-6.481) 0.5M
0.153 Reference <0.0001
0.055 2.498 (1.092-5.715) 0.030
0.095 3.452 (1.392-8.558) 0.008
0.066 4.877 (1.857-12.810) 0.001
0.385 13.456 (4.840-37.406) <0.0001

HR, hazard ratio; Cl, confidence interval.
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Fig. 2. Kaplan-Meier curves for cumulative incidence of colorectal cancer (CRC) by age groups (n=235,189).
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Fig. 3. Kaplan-Meier curves for cumulative incidence of colorectal cancer (CRC) by ulcerative colitis treatment groups (n =35,189). 5-ASA,

5-aminosalicylate; IM, immunomodulator.

and aspirin did not (P> 0.05). Adjusted HRs of statin decreased
with a longer duration of statin use (P=0.009) (Table 5). Re-
sults were similar when analyzed in male UC patients. How-
ever, the chemopreventive effect of statin for all malignancies
was not documented in female UC patients (Supplementary
Tables 2, 3).

www.irjournal.org

6. Risk of CRC by Use of Statin, Metformin, and Aspirin
in UC Patients
Crude HRs for CRC in UC patients using statin and metformin
did not increase (P> 0.05). Aspirin use seemed to be associat-
ed with increased crude HR for CRC in UC patients (crude HR,
1.722; 95% CI, 1.044-2.839; P=0.033), and with > 1 year of as-
pirin use, crude HR was 2.224 (95% CI, 1.192-4.148; P=0.012)
with > 1 year of aspirin use. After adjustment with age, sex, co-
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morbidities, and the UC treatment group, all HRs of statin, met-
formin, and aspirin use became not significant (P> 0.05) (Ta-
ble 6). Results were similar when analyzing by sex (Supplemen-
tary Tables 4, 5).

DISCUSSION

This nationwide population-based study aimed to investigate
the incidence of overall and site-specific malignancies and
chemopreventive effects of statin, metformin, and aspirin in
Korean UC patients. Among 35,189 newly diagnosed UC pa-
tients, 1,086 patients were diagnosed with malignancies dur-
ing the 14-year study period. Overall malignancy risk was sim-
ilar to that of the general population, and SIRs for site-specific
malignancies differed by sex. Among the study patients, 122
patients were diagnosed with CRC. Comorbidities were asso-
ciated with increased adjusted HRs for all malignancies while
UC treatments with those for CRC. After adjustment for age,
sex, comorbidities, and UC treatment, statin showed dose-de-
pendent chemopreventive effect for all malignancies while
metformin and aspirin did not. Regarding CRC, statin, metfor-
min, and aspirin did not have chemopreventive effects in UC
patients.

Chronic inflammation is supposed to mediate malignan-
cies by activating transcription factors, thereby transforming a
normal cell into a tumor cell.* Because of the nature of the dis-
ease, the possibility of increased risk for malignancies in UC

*7 Medications for the treat-

patients has been brought about.
ment of UC, such as thiopurines and anti-TNF-a agents, have
also been reported to be associated with increased risks of ma-

. . 4,18,19
lignancies.'

However, several studies showing conflicting
results have also been published. According to a European
collaborative study, the risk of overall malignancies in inflam-
matory bowel disease (IBD) patients was comparable to that

in the general population.**

A systematic review by Greuter
etal."” also reported no increased risks of ymphoma and mel-
anoma in patients with IBD. Other studies showed that thio-
purines and anti-TNF-a agents did not increase the risk of over-

*2 1n this nationwide

all malignancies in patients with IBD.
population-based study, the risk of overall malignancies in UC
patients was similar to that in the general population. SIRs for
melanoma, other skin cancer and lymphoma did not increase
in both sexes. After adjustment with age and sex, comorbidi-
ties related to aging process, such as hypertension, coronary
vascular disease and cerebrovascular disease were significant-
ly associated with the increased risk of overall malignancies

12

INTESTINAL RESEARCH

while the UC treatment groups with immunomodulator or bi-
ologics or small molecules were not.

Previous studies have also reported an increased risk of CRC
in UC patients and suggested the duration, extent, severity, and
young age at diagnosis of UC as risk factors for CRC in UC pa-
tients.”" A meta-analysis by Eaden et al.” reported the cumula-
tive incidences as 1.6%, 8.3%, and 18.4% at 10, 20, and 30 years,
respectively. They reported that the incidence of CRC in UC
patients was 4 to 10 times greater than that of sporadic CRC.
However, Soderlund et al.” reported the cumulative incidenc-
es of CRC as 1.5% and 2.7% at 20 and 30 years, respectively,
and a tendency of declining incidences from the 1960s through
2004. A review article by Yashiro® and a population-based co-
hort study from Scandinavia® also reported a tendency of de-
cline in the excess risks of CRC in UC patients. In our study, the
cumulative incidence of CRC in UC patients was 0.35% during
more than 12 years of the study period, which was compara-
ble to that in the general population. Although the presence of
metachronous CRC was not evaluable, the location distribu-
tion of CRCs in UC patients was similar to that of sporadic CRC.”
Therefore, in this study, characteristics of CRC in UC patients
were similar to that in the general population, except for incre-
asing adjusted HRs according to the level of the UC treatment
group, which indirectly reflects cumulative inflammatory bur-
den on the colon in UC patients. Observation period in our
study might not be long enough to reflect the risk of CRC by
chronic inflammatory insult due to UC as studies reported
that the incidence of CRC begins to increase 8-10 years after
diagnosis of UC.” However, referring to Fig. 3, in severe UC
cases using biologics or small molecules the slope of the sur-
vival curve of cumulative incidence of CRC increases 8-10
years after UC diagnosis. Therefore, it can be considered that
the results are similar to the existing data in UC patients with
severe course. Considering that the incidence of sporadic CRC
in Korea and many countries has gradually increased recently,
which is shown in our data (Supplementary Table 1), the ex-
cess risk of CRC in UC might not be significant any longer, ex-
cept for UC patients with severe disease activity.

In UC patients, colonoscopies are frequently performed for
assessing disease activity and surveillance for CRC.*** The role
of screening colonoscopy for reducing incidence and mortali-
ty of CRC has been proven through several studies in the gen-
eral population.” The effect of surveillance colonoscopy on
reducing mortality related to CRC in UC patients has also been
documented by previous studies.” Therefore, no excessive risk
of CRC in UC patients in this study might be partially due to
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frequent surveillance colonoscopy, as discussed in the previ-

ous studies.”®

“"In previous studies, 5-aminosalicylate, steroid,
and nonsteroidal anti-inflammatory drugs have been studied
as chemopreventive medications in UC patients.”* In our study,
all patients used 5-aminosalicylates, which are known to have

37 Moreover,

a chemopreventive effect for CRC in UC patients.
11.27% used biologics or small molecules, which are known
as powerful therapeutics for controlling inflammation in UC
patients, thereby reducing the possibility of carcinogenesis of
normal colonic cells by chronic inflammatory insult. The che-
mopreventive effect of 5-aminosalicylate and advancements
in treatment strategies might also have contributed to the de-
crease of CRC in patients with UC.

Several studies have documented the chemopreventive ef-
fects of statin, metformin, and aspirin on several malignancies,

9,38,39

including sporadic CRC.”™" While there has been no study
evaluating the chemopreventive effects of statin, metformin,
and aspirin on malignancies in UC patients, this study evalu-
ated. In this study, statin showed dose-dependent chemopre-
ventive effect for all malignancies while metformin and aspi-
rin did not. However, when analyzing by sex, chemopreven-
tive effect of statin for all malignancies was not documented
in female UC patients. Therefore, careful interpretation is need-
ed regarding whether the drug actually lowers the risk. Well-
designed controlled trials are needed to prove the chemopre-
ventive effect of statin in UC patients.

Our study has strengths as we studied the risks of overall
malignancies and all kinds of site-specific malignancies in UC
patients using long-term and large-scale population-based
data. We tried several inclusion and exclusion conditions us-
ing the HIRA database for precise and delicate evaluation. In
calculating SIR, we used the KOSIS data of the same duration
as our study period to reflect yearly trends of incidences of ma-
lignancies in the general population.

This study is mainly limited as information on the extent and
severity of UC was not available. This limitation is originated
from the characteristics of the HIRA claims database, which
does not contain results of tests, including colonoscopy. To
make up for the shortcomings, we grouped UC patients accord-
ing to the type of UC treatment at the highest level during the
study period and performed stratified analyses. Although in-
formation about the time at which specific therapeutics were
started in each patient was not included in classifying patients,
the groups might reflect cumulative inflammatory burden on
the colon of the study patients during the study period, result-
ing from a combination of severity and extent of inflammation
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in the colon. Our study results showed the more increased ad-
justed HRs for CRC in the higher UC treatment groups. Mean-
while, since this is big data using algorithms and it is not possi-
ble to review individual patients' medical records, patients who
only used intermittent steroids without using 5-aminosalicy-
late or immunomodulators/biologics may have been misclas-
sified, even though it is actually a severe case. Also, the start
time and the duration of administration of UC medication may
have contributed to the occurrence of malignancies but were
not included in the analyses.

Moreover, whether the histology indicates a carcinoid tu-
mor or adenocarcinoma is uncertain in patients with C19 codes
because of the characteristics of the HIRA claims database,
which does not contain histology reports. Also, due to the na-
ture of the big data, whether each patient underwent regular
colonoscopy according to the guidelines, which affecting inci-
dence and prognosis of CRC, was not investigated and was
not reflected in the analysis. Another limitation could be the
possibility of including patients with UC who started immu-
nomodulators, biologics or small molecules for other indica-
tions, such as ankylosing spondylitis or psoriasis.

In this study, we concluded that there is no excess risk of
overall malignancies and CRC in UC patients compared to
the general population. Regarding SIRs for site-specific malig-
nancies which differed by sex, screening for different malig-
nancies should be considered according to sex, which should
be supported by further studies. Moreover, well-designed con-
trolled trials are warranted to prove the chemopreventive ef-
fect of statin in UC patients.
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