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ABSTRACT
Background and Aims: Selective serotonin 
reuptake inhibitors (SSRIs) are commonly 
prescribed for patients with chronic hepatitis 
C virus (HCV) infection. Research suggests that 
serotonin promotes the development and growth 
of hepatocellular carcinoma (HCC). We tested 
the hypothesis whether exposure to SSRIs is 
associated with an increased risk of HCC in HCV 
patients.

Method: Patients who entered the United States 
Veterans Affairs (VA) Hepatitis C Clinical Case 
Registry in 2000 to 2009 were analyzed. During the 
8 years of follow-up, 36,192 patients filled at least 
1 SSRI prescription. Cases of HCC were identified 
by diagnosis codes (ICD-9 155.0). Multivariable 
Cox regression analyses estimated adjusted HCC 
hazard ratios (HRs) for SSRI-exposed versus SSRI-
unexposed subjects and categories of average 
SSRI doses.

Results: The annual incidence of HCC in the VA 
registry cohort of 109,736 patients was 0.5% and 
significantly greater in the 8% with cirrhosis at 
baseline (HR = 5.2; 95% CI, 4.7–5.7). There was no 
evidence for significant interactions between the 
effect of SSRI-exposure and cirrhosis. Baseline 
characteristics of the exposed (n = 36,192) and 
unexposed (n = 73,544) subjects were similar. 
The median (interquartile range [IQR]) follow-up 
period after SSRI-exposure began was 44 (20–74) 
months with 18 (3–49) months between the first 
and last prescription. The median average SSRI 
dose during follow-up expressed as a fraction 
of initial recommended doses for depression 
was 0.94 (IQR, 0.5 to 1.3). The risk of HCC was 
not significantly increased after SSRI exposure 
(HR = 0.96; 95% CI, 0.87–1.05) or with increasing 
SSRI doses.

Conclusions: Analysis of a large cohort of HCV 
patients did not support the hypothesis that SSRIs 
increase the risk of developing HCC.
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L iver cancer is the fifth most common cancer in men worldwide 
(523,000 cases/year; 7.9% of all cancers) and the seventh most 

common cancer in women (226,000 cases/year; 6.5% of all cancers) and 
carries a high mortality rate.1 Primary hepatocellular carcinoma (HCC) 
is the most common form of liver cancer, and approximately 80% of HCC 
cases are associated with chronic hepatitis B virus (HBV) or hepatitis C 
virus (HCV) infections. Many studies have investigated risk factors for 
developing HCC. Cirrhosis, HBV and HCV viremia, coinfection with 
HIV, heavy use of alcohol, metabolic syndrome, and male gender have 
been positively associated with HCC. However, many individuals with 
hepatitis B or C infection never develop cirrhosis or HCC; therefore, host 
genetic factors such as variants of tumor necrosis factor or glutathione 
S-transferase, other regulatory hormones, and environmental factors 
have been postulated to play a role in the development of HCC.1–3

Serotonin (5-hydroxytryptamine or 5-HT) is a monoamine 
neurotransmitter, biochemically derived from tryptophan, and is found 
in 90% of enterochromaffin cells of the gastrointestinal tract. Lower 
concentrations are found in platelets and in the central nervous system 
of animals and humans.4 Serotonin is synthesized by enteric nerves and 
is metabolized to 5-hydroxyindoleacetic acid (5-HIAA) by the liver and 
then excreted by the kidneys.5 Functionally, serotonin plays a role in both 
motor and sensory functioning of the gut and is linked to a variety of 
emotions in the central nervous system.

There are several lines of evidence supporting a direct and indirect 
role for serotonin in the development and growth of HCC. In vitro studies 
find serotonin to be a mitogen promoting hepatocyte regeneration, and 
thus it may play a direct role in the development of HCC. Lesurtel and 
colleagues6 describe serotonin as a potential broad promoter of HCC 
affecting disease incidence and HCC growth. Liang and colleagues7 
demonstrated that serotonin promotes the proliferation of serum-
deprived HCC cells via up-regulation of FOXO3a, a transcription factor 
at the interface of crucial cellular processes. Soll et al8 have recently 
shown that serotonin promotes the growth of human HCC.

Serotonin may also indirectly promote the development of HCC because 
of its involvement in the development of fibrosis and steatohepatitis. For 
example, serotonin fosters development of liver fibrosis by stimulating 
stellate cells.9 Serotonin binds to its receptor 5-HT2B expressed in activated 
hepatic stellate cells, produces transforming growth factor β1 (TGF-β1) 
in diseased livers, and suppresses hepatocyte proliferation.10 In a murine 
model of diet-induced steatohepatitis, researchers showed that serotonin 
increases reactive oxygen species and lipid peroxides, which leads to 
inflammation and mitochondrial damage and ultimately hepatocyte 
damage.11 These preclinical data suggest that serotonin may contribute 
to the development and/or growth of HCC in humans; however, no data 
are available from clinical samples.

Determining whether the use of SSRIs is associated with HCC is 
important as many patients who are at risk for HCC have psychiatric 
comorbidities and are prescribed antidepressants. Psychiatric and 
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substance use disorders are common among HCV-infected 
individuals. Studies show that over 85% of veterans with 
HCV have a history of either a psychiatric or substance use 
disorder,12 and antidepressants are frequently used to treat 
these problems. In a study of 783 consecutive patients with 
HCV seen at the Portland Veterans Affairs Medical Center 
who filled out psychiatric self-report questionnaires, 63% 
had depression and 38% were taking an antidepressant, most 
commonly an SSRI.13 In addition, patients with cirrhosis are 
often depressed, and many are likely taking antidepressants.14 
As SSRIs are frequently prescribed for patients with HCV 
and cirrhosis and as preclinical data suggest an association 
between serotonin and HCC, we sought to determine 
whether there is an association between SSRI use and HCC 
in patients with chronic hepatitis C.

METHOD
Study Cohort

A Department of Veterans Affairs (VA) Clinical Case 
Registry of veterans with HCV provided a limited set of 
data files (outpatient prescription records, outpatient visit 
diagnoses, hospital discharge diagnoses, laboratory tests, 
and patient demographics) electronically extracted from VA 
medical records for patients who were registered in 2000 
through 2009.15 A randomly assigned patient identification 
number was included to link records in each file. The 
institutional review board at the Minneapolis Veterans 
Affairs Health Care System approved the study protocol.

Beginning in 2000, the study cohort included all patients 
who had 1 or more consecutive years with at least 1 VA 
health care encounter and 2 prescription fills, and at least 1 
year of baseline data without a prescription for an SSRI or a 
prior inpatient or outpatient diagnosis of liver cancer (ICD-9 
code 155.0, 155.1, or 155.2). We excluded anyone who did 
not have a laboratory record of a positive ribonucleic acid 
test for HCV at any time.

Case Finding of HCC
Cases of HCC were identified by a primary hospital 

discharge ICD-9 diagnosis code of 155.0 (primary malignant 
neoplasm of the liver), 1 secondary inpatient diagnosis plus 
an outpatient diagnosis on different days, or 2 outpatient 
or 2 secondary inpatient diagnoses on different days. After 
cases were identified by the specific HCC code of 155.0, the 
earliest date of a 155.0 or a 155.2 (unspecified neoplasm 
of liver) code was taken as the case date. In the absence of 
HCC, follow-up was terminated on the date of the subject’s 

last VA health care encounter or at the end of the period 
of observation in December 2009. This censoring criterion 
excludes time after death as we did not have access to vital 
status records to obtain dates of death.

Definition of SSRI Exposure
Exposure began on the date the first prescription for an 

antidepressant with SSRI activity (citalopram, duloxetine, 
escitalopram, fluoxetine, fluvoxamine, nefazodone, 
paroxetine, sertraline, trazodone if more than 150 mg/d, and 
venlafaxine) was dispensed after the 1-year SSRI-free baseline 
period. Not knowing whether there was a lag period before 
any SSRI-related HCC would be diagnosed, the exposure 
period continued until the end of the follow-up period even 
when SSRI prescriptions ceased. The prescribed daily dose 
for each SSRI prescription was calculated as the quantity 
of pills dispensed times the pill strength in milligrams 
divided by the dispensed days of supply. To standardize 
the prescribed daily doses of different SSRIs, the calculated 
prescribed daily dose for each prescription was divided by 
the recommended initial daily dose of the SSRI for treating 
depression. Then to calculate the standardized average daily 
dose, the sum of the standardized prescribed daily doses 
from all of a subject’s SSRI prescriptions, ie, the cumulative 
exposure index, was divided by the defined SSRI follow-up 
period. Thus, any gaps between SSRI prescription supplies 
during the follow-up period and discontinuation reduced 
the calculated standardized average daily dose. An SSRI 
possession ratio was calculated as the sum of all SSRI days 
of supply dispensed before a subject’s last SSRI prescription, 
divided by the time elapsed between the subject’s first and 
last SSRI prescription.

Data Analysis
Continuous data are described as the mean (standard 

deviation) or median (interquartile range, IQR). 
Characteristics of the exposed and unexposed groups are 
summarized without P values because nearly all differences 
between these large groups including very small ones were 
statistically significant. Cumulative incidence curves were 
estimated as 1 minus the Kaplan-Meier survival without 
HCC curve.

Hazard ratios (HRs, exposed to unexposed) were 
estimated by Cox regression analysis of times to HCC with 
incident SSRI exposure (yes or no) as a time-varying variable. 
Estimates were adjusted via multivariable Cox regression 
that included several available baseline measures that may 
be related to the risk of HCC including age, gender, year of 
entry into the study cohort, a diagnosis of cirrhosis, hepatitis 
B, human immunodeficiency virus, alcohol abuse, other liver 
diseases, liver transplant, other liver cancer, other cancer, and 
obesity. Adjustments were also made for use of a number 
of medications including ribavirin/interferon, lactulose, 
chemotherapy, immunosuppressants, testosterone, migraine 
medications that act via serotonin receptors, tricyclic 
antidepressants, and trazodone in doses less than 150 mg/d. 
Not knowing what the SSRI-HCC induction period might 
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s Clinicians should be aware that hepatocellular carcinoma  ■

commonly develops in patients with chronic hepatitis C, 
particularly in those with existing cirrhosis.

Current evidence indicates that selective serotonin reuptake  ■
inhibitors do not increase the risk of hepatocellular 
carcinoma (HCC), and HCC risk should not be a significant 
concern for prescribing clinicians.
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be, a second analysis of the dichotomous SSRI-exposure 
estimated separate HRs for the first 6-month period after 
exposure began, the next 2-year period, and the period after 
2.5 years using a discrete time period Cox regression model.16 
A third regression analysis replaced the dichotomous SSRI 
exposure with categories of the standardized average daily 
dose using the lowest doses as the reference group.

RESULTS
The exposed (n = 36,192) and unexposed (n = 73,544) 

groups are compared in Table 1. About 8% of each group had 
a diagnosis of liver cirrhosis—the major known HCC risk 

factor—recorded during their baseline year. The percentages 
with other known risk factors for HCC including alcohol 
abuse were also similar for both groups. A greater percentage 
of the group exposed to SSRIs had a diagnosis of depression 
and/or PTSD during the baseline year.

The overall annual incidence of HCC in the entire study 
cohort was approximately 0.5%. During the 363,605 total 
years of unexposed follow-up time, there were 1,790 new 
HCC diagnoses (unadjusted incident rate 0.49/100 person-
years), and there were 728 during the 141,213 years of 
exposed follow-up time (unadjusted incident rate 0.52/100 
person-years). The cumulative incidence of HCC in the 
subgroups with and without a baseline diagnosis of cirrhosis 
is shown in Figure 1. As expected, the incidence of HCC 
was substantially greater in the subgroup that had a baseline 
diagnosis of cirrhosis (HR = 5.2; 95% CI, 4.7–5.7).

The median time from the end of the baseline period to 
SSRI exposure was 18 (IQR, 7.3–38) months with a median 
period of follow-up after the subjects’ first SSRI prescription 
of 44 (IQR, 20–74) months. The median time between 
subjects’ first and last SSRI prescriptions was 18 (IQR, 3–49) 
months with a median SSRI possession ratio during this 
time of 0.80 (IQR, 0.45–1.00). Citalopram (40%), sertraline 
(22%), fluoxetine (13%), and paroxetine (10%) were the 
most commonly prescribed SSRIs in the study cohort. The 
majority were exposed to only 1 (65%) or 2 (22%) different 
SSRIs.

The estimated HRs for HCC associated with SSRI 
exposure are summarized in Table 2. The 33% (n = 36,192) 
of the hepatitis C cohort with any amount of exposure to an 
SSRI during as many as 8 years of follow-up did not have 
an increased risk of HCC (HR = 0.96; 95% CI, 0.87–1.05). 
Furthermore, there were no significant increases in risk of 
HCC found in any of the 3 discrete periods of follow-up 
including those subjects who were followed for at least 
30 months who had the longest median duration of SSRI 
exposure, 39 (IQR, 12–65) months. The HRs for developing 
HCC in subjects with SSRI exposure in the groups with 

Table 1. Comparison of Baseline Characteristics of 
Unexposed or Exposed to a Selective Serotonin Reuptake 
Inhibitor

Unexposed 
(n = 73,544)

Exposed 
(n = 36,192)

Age, mean (SD), y 54 (8.5) 51 (7.0)
Male, % 98 97
Race, %

White
Black
Missing

43
34
22

53
31
15

Ethnicity, %
Non-Hispanic
Hispanic
Missing

77
 5
18

84
 5
11

Year of Cohort Entry, %
2000
2001
2002
2003
2004
2005
2006
2007
2008

43.0
11.0

8.2
7.8
6.5
7.1
5.6
5.4
5.3

55.0
13.0

8.4
6.8
5.3
4.8
3.2
2.1
1.0

VA visits, mean (SD) count 14 (14) 16 (16)
VA prescriptions filled, mean (SD) count 11 (10) 13 (11)
Diagnoses (ICD-9 codes), %

Hepatitis C 96.0 98.0
Hepatitis B 5.5 6.6
HIV 4.2 4.7
Cirrhosis 8.0 7.4
Other liver disease 4.0 4.1
Ethanol abuse 40.0 48.0
Liver transplant 0.6 0.6
Other cancer 7.5 6.5
Diabetes mellitus 21.0 20.0
Obesitya 12.0 13.0
Depression 21.0 37.0
PTSD 9.0 18.0
Anxiety disorder 10.0 18.0

Prescriptions, %
Ribavirin/interferon α2a, α2b 3.7 2.6
Chemotherapy 0.7 0.5
Immunosuppressant 0.8 0.7
Corticosteroid 5.6 5.8
Migraine medication 0.8 1.3
Tricyclic antidepressantb 7.3 12.0
Trazodone (< 150 mg/d) 5.6 9.9
Lactulose 11.0 8.9
Testosterone 0.4 0.6

aBody mass index not available.
bOnly 5 in each group had a prescription for a monoamine oxidase 

inhibitor during their baseline year.
Abbreviations: HIV = human immunodeficiency virus, 

PTSD = posttraumatic stress disorder, VA = Veterans Affairs. 

Figure 1. Cumulative Proportion of HCC With and Without a 
Baseline Diagnosis of Cirrhosis

Abbreviation: HCC = hepatocellular carcinoma.
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Table 2. Risk of Hepatocellular Carcinoma Associated With 
Exposure to an SSRI

Hazard Ratio  
(95% Confidence Interval)

SSRI exposure (yes or no) 0.96 (0.87–1.05)
First 6 mo 1.19 (0.96–1.48)
6 to 30 mo 0.69 (0.60–0.79)
Beyond 30 mo 0.89 (0.79–1.00)

SSRI average standardizeda daily dose
≤ 1.00 (n = 22,586) Reference group
1.01 to 1.30 (n = 4,082) 1.04 (0.84–1.30)
> 1.30 (n = 9,524) 0.95 (0.82–1.11)

aRatio of prescribed daily dose to initial recommended dose for each 
SSRI.

Abbreviation: SSRI = selective serotonin reuptake inhibitor.

or without cirrhosis during the baseline year were nearly 
identical, 1.00 versus 0.98, respectively. The median 
standardized average daily SSRI dose during the period 
after exposure began was 0.94 (IQR, 0.5–1.3). The risk of 
HCC did not increase in the groups exposed to an average 
standardized daily dose between 1.0 and 1.3 or more than 1.3 
compared to the group with an average standardized daily 
dose of 1.0 or less, ie, a dose equal to or less than the initial 
recommended SSRI dose for treating depression.

DISCUSSION
Our study did not find an increased risk of HCC in 

patients with hepatitis C who were treated with SSRI 
antidepressants compared to patients who were not. 
Although the level of exposure in many patients may not 
have been sufficient to cause HCC, there was no association 
between the highest observed average daily doses and the 
incidence of HCC. However, this study cannot exclude the 
possibility of an increased risk of HCC with more intense 
exposure to SSRIs.

The duration of follow-up after SSRI exposure began 
may have been too short to cover the period of possible 
tumor induction and clinical diagnosis. Most patients with 
hepatitis C have advanced fibrosis or cirrhosis for decades 
before HCC occurs. Further study is necessary to determine 
whether more prolonged SSRI exposure contributes to 
HCC, especially in patients who have a greater risk due to 
cirrhosis.

We are unaware of any other studies in clinical populations 
investigating the potential impact of SSRIs on the promotion 
of HCC. In contrast, there are some clinical studies in other 
cancers, some showing an increased risk of cancer with SSRIs 
and others showing a protective effect. For example, previous 
case-control studies of SSRIs and breast cancer found an 
increase in risk,17 whereas in colorectal cancer, there were 
decreased odds of developing cancer in those who regularly 
took an SSRI.18 Later studies and a meta-analysis found no 
association between serotonin and breast cancer.19

Hepatocellular carcinoma is one of the few cancers 
increasing in frequency in the United States. This is mainly 
due to the large number of patients with hepatitis C who 
have had the illness for more than 2–3 decades and are now 
developing cirrhosis of the liver, which puts them at risk for 

HCC at a rate of 2%–5% per year.2 Preliminary preclinical 
evidence implicated serotonin as a possible factor directly 
or indirectly influencing the development and growth of 
HCC. Friedman and colleagues20 screened a multitude of 
pharmaceuticals including SSRIs for possible carcinogenic 
effects in a large nested case-control study and followed 
subjects for more than 12 years. They reported that most 
antidepressants showed an association with some form of 
cancer and concluded that nortriptyline and related tricyclic 
drugs would merit further investigation with regard to their 
possible carcinogenic effect. Fluoxetine and paroxetine were 
found to have a positive association with testicular cancer, 
but no association to liver cancer was reported.

As expected, the incidence of HCC was substantially 
greater in patients with cirrhosis at baseline, which shows 
that our data are robust and confirms that cirrhosis is an 
important risk factor for the development of HCC.1,2 
However, the presence of cirrhosis in a small percentage 
of this patient cohort with hepatitis C did not modify the 
finding of a lack of an association between the exposure to 
SSRIs and HCC. Additional studies of higher risk patients 
with cirrhosis are needed.

Our study has several limitations. As all patients in the 
study were veterans and most were male, the results may 
not generalize to other populations. In addition, VA medical 
records may not completely reflect the care veterans receive 
as some are using services outside the VA health care system. 
The 8% rate of cirrhosis in this cohort of patients chronically 
infected with hepatitis C is somewhat lower than might be 
expected. Davila et al21 reported a cirrhosis prevalence of 
10% using the same database (VA Hepatitis C Clinical Case 
Registry). The difference between the studies is most likely 
explained by our more restrictive inclusion criteria based on 
prior SSRI prescriptions. In addition, we used only 1 year of 
baseline data to identify the presence of cirrhosis assuming 
any under-coding or mis-coding would be similar in the 
exposed and unexposed groups. This may have limited our 
ability to test for interaction between the effects of cirrhosis 
and SSRI exposure. Longer follow-up as well as collecting 
data such as fibrosis scores and surrogate markers of cirrhosis 
would quite likely have increased capture of cirrhosis; 
however, these data are unavailable in the data set. Given 
the low prevalence of cirrhosis, the incidence of HCC in the 
study cohort is consistent with published rates,21 and thus 
the data regarding HCC are very likely reasonably accurate. 
Finally, some patients quite likely developed cirrhosis during 
the study period, but we were unable to analyze the influence 
of this transition on outcome. However, as there was no 
difference in the development of HCC between groups, it 
is likely that the transition did not influence the primary 
outcome.

To our knowledge, this is the only study to date 
investigating the possible association between the use of 
SSRI antidepressants and the risk of HCC in patients with 
chronic hepatitis C. Given the extensive use and potential 
benefits of SSRIs in patients with hepatitis C and concomitant 
psychiatric disorders, our study suggests that an increased 
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risk of HCC should not be a major concern for patients and 
clinicians. However, further studies are important given the 
high rate of antidepressant use in this population, concern 
over preclinical studies suggesting a negative impact of 
serotonin on HCC, and the limitations of this study.

Drug names: citalopram (Celexa and others), duloxetine (Cymbalta), 
escitalopram (Lexapro and others), fluoxetine (Prozac and others), 
fluvoxamine (Luvox and others), nortriptyline (Pamelor, Aventyl, and 
others), paroxetine (Paxil, Pexeva, and others), sertraline (Zoloft and others), 
trazodone (Oleptro and others), venlafaxine (Effexor and others).
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