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Background: This study aimed to investigate the association between the use of selective
serotonin reuptake inhibitors (SSRIs) and the risk of hepatocellular carcinoma (HCC) in patients
with chronic hepatitis B virus (HBV) infection.

Methods: We conducted a population-based cohort study by using claims data from the
Taiwan National Health Insurance Research Database (NHIRD). The study cohort comprised
1380 newly diagnosed HBV-infected patients with SSRI use who were frequency matched by
age, sex, liver cirrhosis, and index year with HBV-infected patients without SSRI use in the
comparison cohort. Each patient case was followed from 2000 to 2012 to identify incident HCC
cases. Cox proportional hazards regression was performed to evaluate the association between
SSRIuse and HCC risk. The further sensitivity analysis used case-control study design. A total
0f 9070 HCC subjects retrieved from NHIRD, and equal non-HCC subjects were analyzed after
matching for age and sex.

Results: We identified 9 and 24 HCC cases in the study and comparison cohorts during the
follow-up period of 7056 and 6845 person-years, respectively. The incidence rate of HCC was
1.28 and 3.51 per 1000 person-years for SSRI and non-SSRI users, respectively. After adjusting
for potential confounders, the adjusted hazard ratio (HR) for SSRI use was 0.28 (95% confidence
interval [CI], 0.12-0.64; p = 0.0027). For SSRI users with a cumulative defined daily dose
(cDDD) 0f 2889, 90-364, and 2365, the adjusted HRs were 0.51, 0.22, and 0.12, respectively,
(95% CI, 0.21-1.25, 0.05-0.94, and 0.02-0.90, respectively) compared with non-SSRI users
(<28 cDDD). The sensitivity analysis showed that the SSRI presented with a dose-response
protective effect for HCC in the multivariate analysis.

Conclusion: SSRIs use may possibly reduce the risk of HCC in HBV-infected patients in a
dose-responsive manner.

Keywords: selective serotonin reuptake inhibitors, SSRI, hepatitis B virus, HBV, hepatocellular
carcinoma, HCC, depression

Introduction

Serotonin, also known as 5-hydroxytryptamine (5-HT), is a biogenic amine derived
from tryptophan that functions as a ligand for a large family of 5-HT receptors.! Sero-
tonin is critical for neurotransmission in the central nervous system, thus controlling
mood, behavior, sleep, and anxiety. Selective serotonin reuptake inhibitors (SSRIs)
are the most widely prescribed medication for treating depression because they are
considered safe and well-tolerated compared with earlier generation antidepressants,
such as tricyclic antidepressants and monoamine oxidase inhibitors.>*
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Hepatitis B virus (HBV) infection typically leads to
chronic hepatitis, often following a progressive course over
decades, finally resulting in cirrhosis and hepatocellular car-
cinoma (HCC). In Taiwan, the prevalence of viral hepatitis
has been high, and the prevalence of chronic infections was
15-20%. HBV carriers are at a substantially increased risk of
HCC and liver-related death compared with people without
HBYV infection.**

Depression is a common disorder in patients with chronic
hepatitis C virus (HCV) infection undertaking interferon
therapy.” Certain SSRIs have been reported to be safe and
effective in treating such patients.® In a study involving
783 HCV-infected patients, 63% had depression and 38%
were on antidepressants, mostly SSRI.!* In addition, patients
with cirrhosis were depressed more frequently, and were
more likely to take antidepressants.!' A large section of
the hepatitis population in Taiwan was possibly exposed to
SSRI-based antidepressants; therefore both low and high
risks associated with serious adverse effects such as HCC
development should be evaluated with care. Current stud-
ies on SSRI use in HBV-infected patients, particularly on
the association between SSRI use and the risk of HCC, are
lacking. Furthermore, although many preclinical studies have
been conducted, no definite conclusion has been reached on
the association between serotonin and HCC. As we know,
the use of tricyclic antidepressants and SSRIs was related to
the lower risk for HCC.!? A recent larger case-control study
showed the association between SSRI and decreased risk of
HCC in a dose-dependent manner."> However, no present
study showed the association between HB V-infected patients
and SSRI use.

For the present study, we aimed to determine the asso-
ciation between SSRI use and the risk of HCC in patients
with chronic HBV infection in Taiwan by using the Taiwan
National Health Insurance Research Database (NHIRD).

Methods

Data sources

We conducted a nationwide population-based cohort study by
using data from the NHIRD. The National Health Insurance
program in Taiwan was launched on March 1, 1995, by the
National Health Insurance Administration (NHIA), and pro-
vided coverage to more than 23.03 million residents in Taiwan
(approximately 99.2% of'the population). The NHIA released
identification-encrypted data to the National Health Research
Institute (NHRI) to establish the NHIRD. The Longitudinal
Health Insurance Database 2000 (LHID2000), used in this
study, contains medical information of 1 million beneficiaries

randomly sampled from the registry of all beneficiaries in
2000. Claims data in the LHID2000 were extended from
January 1, 1996 to December 31,2011. Age- and sex-related
distributions in the original claims data and the sampled data
do not differ significantly. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes were used for diagnoses.

The NHIRD contains admission and outpatient visit data,
including information on patient characteristics, such as age;
sex; date of admission, discharge, and outpatient visits; and
5 main discharge or 3 outpatient visit diagnoses (accord-
ing to ICD-9-CM codes). In addition, the data files contain
information on drug prescriptions, including the names of
prescribed drugs and dosage. The data in the NHIRD are of
high quality, and their validity has been proved in several
studies.'*!6

The NHRI scrambles patient identification and replaces
it with surrogate numbers to ensure privacy. Furthermore,
data confidentiality is maintained in accordance with NHIA
and NHRI data regulations. Because the NHIRD contains
de-identified secondary data for research, our study was
exempted from the informed consent of participants. This
study was approved by the Institutional Review Board of
China Medical University (CMUH104-REC2-115).

Study population and outcomes
Patients aged =20 years and <100 years newly diagnosed
with HBV infection (ICD-9-CM: 070.2, 070.3, and V02.61)
between January 1, 2000 and December 31, 2010 were
recruited. Patients with concurrent HCV infection (ICD-
9-CM: 070.41, 070.44, 070.51, 070.54, 070.7, and V02.62),
those with newly diagnosed HCC (ICD-9-CM: 155.0) within
1 year of HBV infection, those with a history of malignancy
diseases including HCC, and those with a follow-up duration
<1 year or with missing data were excluded. HCC cases were
identified and confirmed through the registration in the Cata-
strophic Illness Patient Database, a subset of the NHIRD. """
The initiation date of SSRI use in HBV-infected patients
was defined as the index date for the study cohort. For
comparison, a random date was assigned to the patients in
the comparison cohort for matching, with the same period
in years between the new diagnosis of HBV infection and
index date.

SSRI exposure

The SSRIs of interest in this study were citalopram, escita-
lopram, fluoxetine, fluvoxamine, paroxetine, and sertraline.
We identified patients who received SSRI prescriptions in
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the outpatient visit from January 1, 2000 to the date of HCC
diagnosis or the end of follow-up. The defined daily dose
(DDD) recommended by the World Health Organization
is a unit for measuring a prescribed drug amount. DDD is
the assumed average maintenance dose per day of a drug
consumed for its main indication in adults. We can compare
SSRIs while maintaining the same standard by using the
following formula: (total amount of drug) / (amount of drug
in a DDD) = number of DDDs. Cumulative DDD (¢cDDD),
indicating the total exposed dosage, was used to estimate
the sum of dispensed DDD of any SSRI. Tsan et al used this
definition to investigate the association between statins and
HCC risk in patients with HBV and HCV infections.'*'¢ To
examine the dose-responsive relationship, we categorized
the cumulative dose of SSRI into 4 groups (<28, 28-89,
90-364, and >365 cDDD) because the duration of the refill
card in Taiwan was 3 months. Patients with <28 cDDD SSRI
use during the study period were defined as non-SSRI users.
In this study, the SSRI cumulative doses were categorized
into 3 groups (28-89, 90-364, and >365) and put into the
linear regression model as continuous variables to estimate
the p-value for trend.

Potential confounders

We systematically identified the potential confounders for
HCC by referring to the ICD-9-CM codes in the claims
data: alcohol-related disease (ARD) (ICD-9-CM: 291,
303.0, 303.9, 305.0, and 571.0-571.3), liver cirrhosis (ICD-
9-CM: 571.2,571.5,571.6,572.2-572.4,572.8, and 573.0),
hypertension (HTN) (ICD-9-CM: 401-405), hyperlipidemia
(ICD-9-CM: 272.0-272.4), biliary stones (ICD-9-CM: 574),
chronic kidney disease (ICD-9-CM: 581-584, 586—588, 403,
404, and 285.21), diabetes mellitus (DM) (ICD-9-CM: 250,
357.2,362.01, 362.02, and 366.41), ischemic heart disease
(IHD) (ICD-9-CM: 411-414), congestive heart failure (CHF)
(ICD-9-CM: 428), and peripheral arterial occlusive disease
(PAOD) (ICD-9-CM: 440-444). Diagnoses given ahead of
or in concurrence with the diagnosis of HBV infection were
considered as underlying comorbidities. Many agents have
exhibited positive results in chemoprevention for HCC.'6!*20
These potential drug confounders included antivirals (adefo-
vir, entecavir, lamivudine, telbivudine, and interferon),
statins, metformin, and aspirin.

Statistical analyses
Differences in demographic characteristics and comorbidities
between the study and comparison cohorts were examined

using the chi-square and 2-sample #-tests. Hazard ratios (HRs)
with 95% confidence intervals (95% Cls) were calculated
for each variable using Cox proportional hazards regression.
Differences in the incidence of HCC development between
different SSRI consumption groups (<28, 28—89, 90-364,
and 2365 ¢cDDD) were estimated using Kaplan-Meier
curves by performing the log-rank test. Statistical analyses
were conducted using the SAS 9.4 statistical package (SAS
Institute Inc., Cary, NC, USA), and p<0.05 was considered
statistically significant.

Results

We recruited 2760 patients (1374 men and 1386 women)
newly diagnosed with HBV infection during the study
period. The study cohort comprised 1380 SSRI users who
met the inclusion criteria. After frequency matching by
age, sex, liver cirrhosis, and index date, an equal number of
non-SSRI users comprised the comparison cohort. Figure 1
shows the selection process of participants in the study and
comparison cohorts. The mean age of patients was 46.51
+ 14.74 years and 46.26 + 14.33 years in the study and
comparison cohorts, respectively. The basic demographic
characteristics of the study and comparison cohorts are
listed in Table 1. The percentage of comorbidities including
ARD, HTN, DM, and IHD was higher in the study cohort
compared with the comparison cohort. The incidence rate of
HCC was 1.28 and 3.51 per 1000 person-years for the study
cohort and comparison cohort, respectively. The median
duration between the first diagnosis of HBV and HCC was
9.52 and 8.25 years for the study and comparison cohorts,
respectively.

In univariate analyses, covariates such as the male sex,
age 260 years, ARD, cirrhosis, HTN, IHD, CHF, and PAOD
increased the risk of HCC (Table 2). Conversely, SSRI
use reduced HCC risk (HR = 0.36; 95% CI, 0.17-0.78;
p=0.0097). In multivariate analyses using Cox proportional
hazards regression, SSRI use exerted a significant protective
effect on HCC after adjusting for the potential confounders
of age, sex, and all comorbidities (adjusted HR = 0.28; 95%
CL 0.12-0.64; p = 0.0027).

Dose-responsive relationship

A dose-responsive relationship was noted between SSRI
use and HCC risk. For SSRI users with a cDDD of 28-89,
90-364, and =365, the adjusted HRs were 0.51, 0.22,
and 0.12, respectively, (95% CI, 0.21-1.25, 0.05-0.94,
0.02-0.90, respectively) compared with non-SSRI users
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A cohort of 1,000,000 randomly sampled people enrolled in the

NHIRD
N
Newly diagnosed HBV patients in the
LHID2000
(N =53,218)
N\

diagnosed during 2000-2010
(N = 44,265)

HBYV patients in the LHID2000 who were newly

Excluded

Diagnosed with HCV
(N = 4587)

\

Aged <20 or 2100 years
(N =2223)

Follow-up time less than

diagnosed during 2000-2010
(N =35,729)

HBV patients in the LHID2000 who were newly

1 year (N = 1726)

Matched by age, sex, liver

cirrhosis, and index year in a
ratio of 1:1

!

\4
Non-SSRI users SSRI users
(<28 cDDD) (=28 cDDD)
(N =1380) (N =1380)

Figure | Flowchart of the patient selection process in the study (SSRI users) and comparison cohorts (non-SSRI users).
Abbreviations: cDDD, cumulative defined daily dose; HBV, hepatitis B virus; HCV, hepatitis C virus; LHID2000, Longitudinal Health Insurance Database 2000; NHIRD,
National Health Insurance Research Database; SSRI, selective serotonin reuptake inhibitor.

(<28 cDDD). Kaplan-Meier curves of the 4 cDDD groups
for the study and comparison cohorts, estimated by con-
ducting the log-rank test, differed significantly (Figure 2).
Furthermore, the difference was directly proportional to
the follow-up duration in the 4 groups. The sensitivity
analysis adjustments had little effect on the estimates of
the association between SSRI use and HCC risk in differ-
ent models (Table 3). The SSRI effect was dependent on
the dose-responsive relationship in each cDDD subgroup

within different adjustment models for metformin, statins,
and aspirin (Table 4).

Sensitivity analysis

Because of the small number of HCC events in the cohort
study, we further conducted a sensitivity analysis by using
case-control study design. The HCC subjects were retrieved
from the catastrophic illness database of NHIRD, which had
been certificated in many studies.'’® A total of 9070 HCC
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Table | Demographic characteristics and comorbidities in HBV-infected SSRI and non-SSRI users
Variables Patients with HBYV infection p-value®
Non-SSRI user (<28 cDDD) SSRI user (228 cDDD)
(n=1380) (n=1380)
n % n %
Sex 0.99
Female 693 50.22 693 50.22
Male 687 49.78 687 49.78
Age, years 0.99
18-39 years 497 36.01 497 36.01
40-59 years 638 46.23 638 46.23
260 years 245 17.75 245 17.75
Mean (SD)* 46.26 (14.33) 46.51 (14.74) 0.6434
Comorbidity
ARD 32 232 57 4.13 0.0071
Cirrhosis 45 3.26 45 3.26 0.99
HTN 274 19.86 337 24.42 0.0039
Hyperlipidemia 179 12.97 209 15.14 0.1004
Biliary stones 53 3.84 51 3.70 0.8415
CKD 49 3.55 59 4.28 0.3263
DM 138 10.00 179 12.97 0.0144
IHD 97 7.03 148 10.72 0.0006
CHF 16 I.16 28 2.03 0.0682
PAOD 24 1.74 21 1.52 0.6521
SSRI <DDD
<28 1380 100.00 - -
28-89 - - 533 38.62
90-364 - - 434 31.45
>365 - - 413 29.93
SSRI classification
Citalopram I 0.80 474 34.35 <0.0001
Escitalopram 4 0.29 290 21.01 <0.0001
Fluoxetine 12 0.87 662 47.97 <0.0001
Fluvoxamine | 0.07 129 9.35 <0.0001
Paroxetine 6 0.43 458 33.19 <0.0001
Sertraline 13 0.94 568 41.16 <0.0001
Antiviral drugs 0.8401
No 1328 96.23 1330 96.38
Yes 52 3.77 50 3.62
Other drugs
Aspirin 211 15.29 309 22.39 <0.0001
Metformin 139 10.07 161 11.67 0.1785
Statins 185 13.41 253 18.33 0.0004

Notes: Chi-square test; “2-sample t-test. ‘- indicates not applicable.

Apprevations: ARD, alcohol-related disease; CHF, congestive heart failure; CKD, chronic kidney disease; cDDD, cumulative defined daily dose; DM, diabetes mellitus; HBV,
hepatitis B virus; HTN, hypertension; IHD, ischemic heart disease; PAOD, peripheral arterial occlusive disease; SSRI, selective serotonin reuptake inhibitor.

subjects and an equal number of control non-HCC subjects
were analyzed after matching for age and sex. The demo-
graphic and baseline comorbidities are shown in Table S1,
which includes the medications including SSRI, antiviral
drugs, statins, and metformin.

In the logistic regression model, univariate analysis
showed an odds ratio (OR) of 0.70 (95% CI 0.59-0.82,
»<0.0001) for SSRI use in HCC occurrence. After adjusting
for age, sex, comorbidities, and medications, the adjusted OR

was 0.60 (95% CI 0.48-0.75, p<0.0001), as shown in Table
S2. The further analysis showed that the SSRI presented with
a dose-response protective effect for HCC in the multivariate
analysis (28 ¢cDDD, adjusted OR=0.73 [95% CI 0.51-1.05,
p=0.0904]; 28-89 cDDD, adjusted OR=0.58 [95% CI 0.38—
0.88, p=0.0099]; 90-364 cDDD, adjusted OR=0.43 [95%
CI 0.27-0.69, p=0.0004]; =365 cDDD, adjusted OR=0.63
[95% CI0.39-1.03, p=0.0654]), and p for trend <0.0001, as
showed in Table 5.
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Table 2 HRs and 95% Cl of HCC for SSRI and non-SSRI users and for other comorbidities

Characteristics HCC Crude Adjusted
(n=33) HR (95% CI) p-value HR (95% CI) p-value
SSRI
No (<28 cDDD) 24 1.00 Reference 1.00 Reference
Yes (=28 cDDD) 9 0.36 (0.17-0.78) 0.0097 0.28 (0.12-0.64) 0.0027
Sex
Female 10 1.00 Reference 1.00 Reference
Male 23 237 (1.13-4.98) 0.0229 1.80 (0.81-4.01) 0.1489
Age, years
18-39 years 5 1.00 Reference 1.00 Reference
40-59 years 14 2.60 (0.93-7.23) 0.0673 1.85 (0.62-5.48) 0.2672
260 years 14 8.48 (3.01-23.87) <0.0001 4.67 (1.32-16.56) 0.0169
Comorbidities
ARD
No 30 1.00 Reference 1.00 Reference
Yes 3 3.88 (1.18-12.75) 0.0256 1.62 (0.44-5.96) 0.4673
Cirrhosis
No 21 1.00 Reference 1.00 Reference
Yes 12 25.72 (12.5-52.93) <0.0001 14.62 (6.16-34.72) <0.0001
HTN
No 16 1.00 Reference 1.00 Reference
Yes 17 4.39 (2.21-8.72) <0.0001 3.07 (1.27-7.42) 0.0125
Hyperlipidemia
No 32 1.00 Reference 1.00 Reference
Yes | 0.23 (0.03-1.67) 0.1454 0.13 (0.02-1.08) 0.0584
Biliary stones
No 32 1.00 Reference 1.00 Reference
Yes | 091 (0.12-6.63) 0.9221 051 (0.06-4) 0.5189
CKD
No 30 1.00 Reference 1.00 Reference
Yes 3 3.14 (0.95-10.34) 0.0599 1.49 (0.41-5.48) 0.5494
DM
No 28 1.00 Reference 1.00 Reference
Yes 5 1.65 (0.64—4.29) 0.3027 0.76 (0.23-2.56) 0.6618
IHD
No 26 1.00 Reference 1.00 Reference
Yes 7 3.16 (1.37-7.29) 0.0071 2.35 (0.83-6.67) 0.1091
CHF
No 29 1.00 Reference 1.00 Reference
Yes 4 12.65 (4.39-36.51) <0.0001 2.15 (0.61-7.54) 0.2327
PAOD
No 31 1.00 Reference 1.00 Reference
Yes 2 5.4 (1.28-22.79) 0.0215 2.09 (0.41-10.52) 0.373

Notes: Adjusted HR: after adjustment for SSRI use, age, sex, and all comorbidities in Cox proportional hazards regression.

Abbreviations: ARD, alcohol-related disease; CHF, congestive heart failure; Cl, confidence interval; CKD, chronic kidney disease; cDDD, cumulative defined daily dose;
DM, diabetes mellitus; HCC, hepatocellular carcinoma; HR, hazard ratio; HTN, hypertension; IHD, ischemic heart disease; PAOD, peripheral occlusive artery disease; SSRI,

selective serotonin reuptake inhibitor.

Discussion

The SSRIs exerted a protective effect on HCC development
in HBV-infected patients in a dose-responsive manner after
adjusting for potential confounders, including underlying
comorbidities and miscellaneous medication (antiviral drugs,
metformin, statins, and aspirin), no matter if in cohort study
or case-control study designs.

Some studies discussed the relationship between cancer
and SSRI use. Coogan et al reported that SSRI exposure
reduced the risk of colorectal cancer.?! One nationwide study
in Finland reported that SSRI use with high cumulative dose
resulted in higher risk of breast cancer. But there was no
proved association between SSRI use and HCC develop-
ment.2 However, in our study, we found a protective effect
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Figure 2 Cumulative incidence of HCC according to the different cDDD of SSRI users during the follow-up period.
Abbreviations: cDDD, cumulative defined daily dose; HCC, hepatocellular carcinoma; SSRI, selective serotonin reuptake inhibitor.
Table 3 Sensitivity analyses of HCC risk for drug combinations
HR (95% CI)
Crude Model | Model 2 Model 3 Model 4 Model 5
Non-SSRI user | (reference) | (reference) | (reference) | (reference) | (reference) | (reference)

SSRI user

0.36 (0.17-0.78)**  0.31 (0.14-0.66)**  0.32 (0.15-0.69)* 031 (0.14-0.66)**

0.33 (0.15-0.70)**

0.33 (0.15-0.71y**

Notes: Model |, after adjustment for age, sex, and cirrhosis in Cox proportional hazards regression.

Model 2, after adjustment for age, sex, and cirrhosis + anti-viral drugs in Cox proportional hazards regression.
Model 3, after adjustment for age, sex, and cirrhosis + metformin in Cox proportional hazards regression.
Model 4, after adjustment for age, sex, and cirrhosis + statins in Cox proportional hazards regression.

Model 5, after adjustment for age, sex, and cirrhosis + aspirin in Cox proportional hazards regression. *p<0.01.

Abbreviations: Cl, confidence interval; HCC, hepatocellular carcinoma; HR; hazard ratio; SSRI, selective serotonin reuptake inhibitor.

Table 4 HRs and 95% Cls of HCC associated with different cDDD of SSRI use

Model Non-SSRI user SSRI user p for trend
Reference 28-89 cDDD 90-364 cDDD 2365 cDDD
HR (95% CI) HR (95% CI) HR (95% CI)
Main model
Crude 1.00 0.65 (0.26—1.58) 0.28 (0.07-1.17) 0.12 (0.02-0.90)* 0.0636
Adjusted 1.00 0.51 (0.21-1.25) 0.22 (0.05-0.94)* 0.12 (0.02-0.90)* 0.0274*
Main model plus
Antiviral drugs 1.00 0.55 (0.22-1.35) 0.22 (0.05-0.95)* 0.12 (0.02-0.92)* 0.0337*
Metformin 1.00 0.51 (0.21-1.25) 0.22 (0.05-0.95)* 0.12 (0.02-0.88)* 0.027*
Statins 1.00 0.53 (0.22-1.32) 0.25 (0.06—1.05) 0.12 (0.02-0.90)* 0.0395*
Aspirin 1.00 0.53 (0.21-1.30) 0.24 (0.06—1.02) 0.13 (0.02-0.95)* 0.0398*

Notes: Main model: after adjustment for age, sex, and cirrhosis in Cox proportional hazards regression. Adjusted HR: after adjustment for SSRI use, age, sex, and cirrhosis

in Cox proportional hazards regression. *p<0.05

Abbreviations: Cl, confidence interval; cDDD, cumulative defined daily dose; HR, hazard ratio; SSRI, selective serotonin reuptake inhibitor.
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Table 5 Association between SSRI dose in cDDD and OR for HCC
Variable Crude odds ratio Adjusted odds ratio”
OR (95% CI) p-value OR (95% CI) p-value  OR (95% ClI) p-value OR (95% CI) p-value
Non-SSRI used I (reference) - I (reference) -
SSRI drug used
<28 ¢cDDD 0.83 (0.63-1.08) 0.1678 | (reference) 0.73 (0.51-1.05)  0.0904 | (reference)
28-89 cDDD 0.63 (0.46-0.86)  0.0037 0.76 (0.50-1.15) 0.1922 0.58 (0.38-0.88)  0.0099 0.79 (0.46—1.34)  0.3893
90-364 <DDD 0.62 (0.44-0.87)  0.0051 0.75 (0.49-1.15) 0.1828 0.43 (0.27-0.69)  0.0004 0.61 (0.35-1.09)  0.0967
=365 cDDD 0.67 (0.47-0.97)  0.0323 0.81 (0.52-1.38) 0.3673 0.63 (0.39-1.03)  0.0654 0.87 (0.48—1.58)  0.6463
p for trend <0.0001 0.2726 <0.0001 0.3454

Note: "Model: adjusted for age, sex, alcohol-related disease, cirrhosis, NAFLD, hypertension, hyperlipidemia, biliary stones, CKD, diabetes, CHF, COPD, anti-viral drugs,

statin and metformin used. ‘- indicates not applicable.

Abbreviations: cDDD, cumulative defined daily dose; CHF, congestive heart failure; Cl, confidence interval; CKD, chronic kidney disease; HCC, hepatocellular carcinoma;
NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; SSRI, selective serotonin reuptake inhibitor.

of SSRI on HCC development and this presented in a dose-
responsive manner.

In the cell line studies, the effect of SSRIs on HCC
is highly controversial. Several studies have reported the
protective effect of SSRIs on HCC development. Chen et al
indicated that sertraline induced apoptosis in HepG2 cells
via the tumor necrosis factor-mitogen-activated protein 4
kinase 4-Jun N-terminal kinase signaling pathway.” Mun et al
reported that fluoxetine exhibited apoptotic effects against
Hep3B cells through the loss of matrix metalloproteinase,
reactive oxygen species (ROS) formation, and the modulation
of mitogen-activated protein kinase activities.”® Kuwahara
et al reported on the anti-tumor effects of SSRIs in human
HCC HepG2 cells.”

By contrast, several studies have reported the association
between SSRIs and HCC. Two major mechanisms contrib-
ute to the pathogenesis of SSRI-related HCC development.
First, SSRIs exert direct carcinogenic effects on the liver.
Second, SSRIs accelerate liver cirrhosis through fibrosis
and steatohepatitis formation, and therefore exacerbate HCC
development indirectly.

Regarding the direct effects, Liang et al reported that sero-
tonin promoted the proliferation of serum-deprived HCC cells
through the up-regulation of fork head box O3a.* Soll et al
also reported that serotonin promoted the growth of human
HCC.? Regarding the indirect effects of SSRIs, Ruddell et al
reported that serotonin fostered liver fibrosis by stimulating
stellate cells.?® Ebrahimkhani et al indicated that serotonin
exacerbated fibrosis by promoting transforming growth
factor B1 production.?’ In a murine model of diet-induced
steatohepatitis, Nocito et al reported that serotonin increased
the production of ROS and lipid peroxides, leading to inflam-
mation and mitochondrial damage, and ultimately, hepatocyte
damage.®

Strengths

This study had several strengths. The study cohort was col-
lated using data from a computerized database on randomly
sampled HBV-infected patients from all the HBV-infected
patients in Taiwan, thus eliminating the possibility of selection
bias. In addition, because the data on SSRIs and other medica-
tion use were obtained from a historical database from which
all the prescription information for the study period were
available, the possibility of recall bias can be eliminated. We
also clarified possible confounders from different medications.
Furthermore, we conducted a sensitivity analysis by using
case-control study design. The results showed that SSRI use
had a potential protective effect on HCC development in a
dose-responsive manner.

Limitations

Our study had potential limitations. First, we did not obtain
any detailed information such as liver ultrasound examina-
tion reports or laboratory data such as viral loads. Several
unmeasured confounders, including body mass index, alcohol
intake, and over-the-counter drug use, which are associated
with HCC, are unavailable in the database. However, we
used hyperlipidemia and ARD to substitute for obesity and
alcohol consumption, respectively, for the adjustment of such
potential confounders. Third, we could not verify the exact
dosage that the study participants actually took. We presumed
that all medications were taken by patients as prescribed, and
this may result in overestimating the actual ingested dosage
because some degree of non-compliance is always expected.
Finally, the sample seems small because of the strict inclu-
sion criteria and matching methods between the study and
comparison cohorts. Therefore, we conducted a sensitivity
analysis by using case-control study design for the few events
of HCC in the cohort study. The results were similar to our
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cohort study. However, the limited number of patients in the
study and comparison cohorts made the documented protec-
tive effect of statins and metformin in other studies appear
non-significant.'! If this study could be conducted using a
cohort of all HBV-infected patients from the NHIRD, in a
similar manner to other studies, instead of random samples
of 1 million beneficiaries, the protective effect of SSRIs on
HCC development could become more evident.'

Conclusion

SSRI use may possibly reduce the risk of HCC in HBV-
infected patients in a dose-responsive manner. A further
understanding of the underlying mechanisms and studies
with a large sample size are warranted.
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Supplementary materials
Table S| Data of cases and controls
Variable Control group (N=9070) HCC group (N=9070) p-value
n % n %
SSRI drug used
No 8691 95.82 8803 97.06 <0.0001
Yes 379 4.18 267 2.94
<28 cDDD 17 1.29 98 1.08
28-89 cDDD 102 1.12 65 0.72
90-364 cDDD 88 0.97 55 0.6l
>365 cDDD 72 0.79 49 0.54
Sex 0.99
Female 2039 22.48 2039 22.48
Male 7031 7752 7031 7752
Age, years (SD)” 53.12 (12.45) 53.42 (12.53) 0.1456
20-29 years 192 2.12 192 2.12 0.99
30-39 years 969 10.68 969 10.68
4049 years 2798 30.85 2798 30.85
50-59 years 2610 28.78 2610 28.78
260 years 2501 27.57 2501 27.57
Comorbidity
Alcohol-related disease 356 393 1181 13.02 <0.0001
Cirrhosis 598 6.59 5997 66.12 <0.0001
NAFLD 475 5.24 337 3.72 <0.0001
Hypertension 3242 35.74 2942 3244 <0.0001
Hyperlipidemia 2655 29.27 1518 16.74 <0.0001
Biliary stones 647 7.13 916 10.1 <0.0001
CKD 598 6.59 857 9.45 <0.0001
Diabetes 1826 20.13 2085 22.99 <0.0001
CHF 263 2.90 340 3.75 <0.0001
COPD 1742 19.21 1101 12.14 <0.0001
Anti-viral drugs
No 8836 97.42 7975 87.93 <0.0001
Yes 234 2.58 1095 12.07
Statin
No 7677 84.64 8067 88.94 <0.0001
Yes 1393 15.36 1003 11.06
Metformin
No 424 4.67 189 2.08 <0.0001
Yes 8646 95.33 888| 97.92

Notes: Chi-square test; *2-sample t-test.

Abbreviations: cDDD, cumulative defined daily dose; CHF, congestive heart failure; CKD, chronic kidney disease; HCC, hepatocellular carcinoma; NAFLD, nonalcoholic
fatty liver disease; SSRI, selective serotonin reuptake inhibitor.
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Table S2 ORs ratios for HCC
Variable Crude odds ratio Adjusted odds ratio*#
OR (95% CI) p-value OR (95% CI) p-value

SSRI drug used

No | (reference) | (reference)

Yes 0.70 (0.59-0.82) <0.0001 0.60(0.48-0.75) <0.0001
Sex

Female | (reference) | (reference)

Male 1.00 (0.93-1.07) 0.999 0.84(0.76-0.92) 0.0003
Age, years (SD)*

20-29 years | (reference) | (reference)

30-39 years 1.00 (0.80-1.25) 0.99 0.82(0.64-1.05) 0.1182

4049 years 1.00(0.81-1.23) 0.99 0.69(0.55-0.87) 0.0019

50-59 years 1.00 (0.81-1.23) 0.99 0.62(0.49-0.79) <0.0001

260 years 1.00(0.81-1.23) 0.99 0.63(0.49-0.80) 0.0002
Comorbidity

Alcohol-related disease 3.66 (3.24-4.14) <0.0001 1.04(0.88-1.24) 0.6209

Cirrhosis 27.65 (25.18-30.36) <0.0001 26.54(24-29.35) <0.0001

NAFLD 0.70 (0.61-0.81) <0.0001 0.78(0.64-0.94) 0.0104

Hypertension 0.86 (0.81-0.92) <0.0001 0.93(0.84-1.02) 0.118

Hyperlipidemia 0.49 (0.45-0.52) <0.0001 0.49(0.44-0.55) <0.0001

Biliary stones 1.46 (1.32-1.63) <0.0001 1.13(0.98-1.31) 0.0929

CKD 1.48 (1.33—-1.65) <0.0001 1.38(1.18-1.60) <0.0001

Diabetes 1.18 (1.10-1.27) <0.0001 1.30(1.17-1.45) <0.0001

CHF 1.30 (I.11-1.54) <0.0001 1.18(0.94-1.49) 0.1609

COPD 0.58 (0.54-0.63) <0.0001 0.54(0.48-0.61) <0.0001
Antiviral drugs

No | (reference) | (reference)

Yes 1.65 (1.50—1.80) <0.0001 2.04(1.70-2.44) <0.0001
Statin

No | (reference) | (reference)

Yes 0.69 (0.63-0.75) <0.0001 1.09(0.95-1.26) 0.2116
Metformin

No | (reference) | (reference)

Yes 2.30 (1.94-2.74) <0.0001 2.70(2.13-3.44) <0.0001

Notes: AEstimated odds ratio by logistic regression model. *2-sample t-test.

Abbreviations: CHF, congestive heart failure; Cl, confidence interval; CKD, chronic kidney disease; HCC, hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver

disease; OR, odds ratio; SSRI, selective serotonin reuptake inhibitor.
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