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Abstract
Background—Approximately one-third of patients undergoing interferon-α (IFN-α) therapy for
treatment of the hepatitis C virus (HCV) develop major depression, which decreases functioning
and may lead to the reduction or discontinuation of treatment.

Objective—The authors examined the efficacy of citalopram in preventing IFN-α-induced
depression in HCV patients.

Method—This was a randomized, controlled trial comparing citalopram with placebo in 39 HCV
patients.

Results—The rate of IFN-α-induced depression in the sample was 15.4% (6/39). Randomization
to citalopram did not decrease the statistical likelihood of developing IFN-α-induced depression
(10.5% for citalopram vs. 20.0% for placebo).

Conclusion—Citalopram does not prevent depression onset; however, an empirically-supported
treatment recommendation for IFN-α-induced depression includes monitoring depressive
symptoms throughout antiviral therapy and initiating psychiatric treatment at the initial signs of
depression.

Approximately 3 million to 4 million individuals in the United States are estimated to be
infected with the hepatitis C virus (HCV).1 Of individuals who test positive for HCV,
approximately 25% to 30% have clinically significant disease (e.g., fibrosis, cirrhosis,
hepatocellular carcinoma) and receive antiviral therapy.2 To-date, the most effective therapy
for HCV is pegylated interferon α (IFN-α) used in combination with ribavirin.3,4 However,
IFN-α-based therapies are associated with multiple neuropsychiatric side effects in many
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patients who receive them for the treatment of HCV, malignant melanoma, and other
conditions.

The reported incidence rates for neuropsychiatric side effects among patients receiving IFN-
α vary, given that many of the studies have not used objective and validated measures of
depressive symptomatology or criterion-based instruments.5,6 Among individuals with
HCV, IFN-α-induced depression generally occurs in 30%-or-more of patients on therapy.7
The onset of side effects usually occurs within the first 12-to-16 weeks of beginning IFN-α
therapy. The symptoms of IFN-α-induced depression in HCV patients are similar to those
seen in major depressive disorder; these include depressed mood, irritability, fatigue, apathy,
anhedonia, psychomotor retardation, sleep disturbance, sexual dysfunction, memory
impairment, and diminished ability to concentrate.7,8 The development of IFN-α-induced
depression is also worrisome because symptoms may lead to the discontinuation of antiviral
therapy.5 The depressive symptoms associated with antiviral therapy are dose-limiting and
can compromise otherwise effective therapy, and they are a source of considerable distress
to some patients.9

Although IFN-α-induced depression is common, earlier data suggest that symptoms respond
to treatment. Initial studies with malignant-melanoma patients receiving antiviral therapy,
administered at a much higher dose than treatment for HCV, suggest that prophylactic
treatment with selective serotonin reuptake inhibitors (SSRIs) may prevent IFN-α-induced
major depression.10,11 This treatment may allow malignant-melanoma patients to remain on
IFN-α therapy. In a prospective study of 39 HCV patients treated with IFN-α, 33% of
patients developed a major depressive episode during treatment.8 Furthermore, 85% of
patients who developed IFN-α-induced major depression responded to antidepressant
treatment, thus allowing patients to complete a course of IFN-α therapy with clinical
benefits. These findings, combined with results from malignant-melanoma patients,10,11

raised the question of whether prophylactic treatment with HCV patients reduces the risk for
or prevents IFN-α-induced depression.

Two open-label studies have indicated that prophylactic SSRIs may prevent development of
IFN-α-induced depression in HCV patients.12,13 Conversely, in the first double-blind
placebo-controlled study to evaluate the efficacy of preventing IFN-α-induced depression in
33 HCV patients, prophylactic treatment with paroxetine did not decrease the likelihood of
developing depression.14 In a second double-blind, placebo-controlled study (N=61),
paroxetine was not associated with a significant difference in the development of IFN-α-
induced depression in HCV patients.15 However, this second trial demonstrated that
prophylactic SSRI treatment may reduce the severity of depressive symptoms in patients
with higher pretreatment depression-severity scores.

The purpose of the present study is to evaluate the efficacy of the antidepressant medication
citalopram in preventing the development of IFN-α-induced depression in HCV patients. We
built upon previous research by designing a trial that accounted for previous methodological
limitations. Specifically, in earlier research, dose escalations of the study medication were
not provided in a uniform manner when depressive symptoms worsened, and previous
studies included patients receiving both pegylated IFN-α and nonpegylated IFN-α.14,15 In
this study, all patients were randomized to citalopram or placebo 2 weeks before the
initiation of pegylated IFN-α; the study design included dose escalations, and the study blind
was not automatically broken when individuals displayed clinically significant depressive
symptomatology. We hypothesized that 1) patients receiving citalopram would be less likely
than those receiving placebo to develop IFN-α-induced depression; 2) patients receiving
citalopram would be more likely to complete antiviral therapy; and 3) the study medication
would not result in the development of significant side effects.
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Method
Participants

Participants were recruited from two Veterans Affairs Medical Centers: the Portland VA
Medical Center (N=21) and the Seattle, WA, VA Medical Center of the Puget Sound Health
Care System (N=18) between January 2003 and February 2006. Participants were included
if they had HCV, were ≥18 years old, eligible for antiviral therapy, and agreed to undergo
IFN-α/ribavirin treatment. Participants were excluded for ongoing depression or active
psychotic symptoms during the previous 3 months, substance abuse in the previous 6
months, medical comorbidities that could interfere with treatment, or current antidepressant
use. Figure 1 shows the participant-flow through the protocol. This study was approved by
the Institutional Review Boards at the Portland VA Medical Center and Puget Sound Health
Care System. All subjects completed informed consent before their participation in this
study.

Study Measures
A trained research assistant administered the Structured Clinical Interview for DSM–IV
(SCID)16 in order to assess for current psychiatric disorders. The SCID was given 2 weeks
before the initiation of antiviral therapy and again at study conclusion, or if patients entered
the rescue arm of the trial. The SCID is a clinician-administered interview, and it was used
as the primary outcome measure to assess development of IFN-α-induced depression.

Participants were administered other study measures 2 weeks before the initiation of
antiviral therapy and at regularly scheduled follow-up appointments throughout treatment (at
0, 2, 4, 6, 8, 12, 16, 20, and 24 weeks), with the exception of the Beck Depression Inventory,
2nd Edition, which was obtained weekly. The Montgomery-Asberg Depression Rating Scale
(MADRS), which is a clinician-administered measure of current depressive symptoms,17

was used as an outcome measure of depression severity. The MADRS provides a measure of
depressive symptomatology that is less influenced by physical symptoms and may be more
sensitive to changes in depressive symptoms in patients with chronic medical conditions.
Participants also completed the Beck Depression Inventory, Version II (BDI–II), a 21-item,
self-report inventory shown to have a high degree of reliability and validity.18 The BDI–II
was used as an additional assessment of depression symptom severity. The Hamilton Rating
Scale for Anxiety (Ham–A) is a 14-item measure of anxiety, with scores ranging from 0 to
56.19 The SSRI Side-Effect Checklist is a 22-item, self-report measure developed for this
study to assess the potential side effects of the study medication. Questions are asked on a
four-point Likert scale (a copy of this measure is available upon request). The Neurotoxicity
Rating Scale (NRS) was used to monitor adverse events over the course of the study.20 The
NRS comprises 39 self-report items; it is used in the evaluation of psychiatric and physical
symptoms related to antiviral therapy. Participants received $10 or $20 for each study visit,
depending on travel distance.

Study Design
Randomized Assignment to Treatment Groups—We used a double-blind,
randomized design to assign participants to an experimental condition: citalopram or
placebo (Figure 1). We used block randomization by recruitment site, whereby patients
within each geographical block were randomly assigned to receive either the citalopram or
identically-appearing placebo. The first dose was administered 2 weeks before initiation of
antiviral therapy.

Antiviral Therapy—Antiviral therapy included weekly injections of pegylated interferon-
α (IFN-α) along with twice-daily oral doses of ribavirin. The doses of IFN-α and ribavirin
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were determined according to standard antiviral therapy guidelines and were monitored by a
hepatology clinic provider. The intended duration of antiviral therapy was a minimum of 24
weeks (genotypes 2 and 3), although some patients continued with treatment for 48 weeks
(genotype 1). Patients were given the option to discontinue treatment at any time.

Administration and Monitoring of Citalopram or Placebo—Upon entry into the
study, 20-mg tablets of citalopram (Forest Laboratories, Inc., United States) or identical-
appearing tablets of placebo were dispensed to participants blindly. Participants were asked
to self-administer 1 tablet orally on a daily basis. Depressive symptoms were monitored by
rating scales at each clinical visit, and the severity of depression, as measured by BDI–II
scores, determined whether dose increases were necessary. Patients with a BDI–II score ≤14
were considered to be nondepressed and continued with their previous dose. BDI–II scores
≥15 prompted a dose increase of 20 mg/day. Up to two dose increases were allowed through
the course of the study, on the basis of clinical need, with the maximum daily dose set at 3
tablets of citalopram (60 mg/day), or 3 tablets of placebo. Consecutive dose increases were
separated by at least 2 weeks, in order to allow time for the dose increase to take effect.

Participants with moderate-to-severe depression, as defined by a weekly BDI–II ≥21 or
MADRS ≥25, or suicidal thoughts, were placed in the rescue arm of the study. In the rescue
arm, the blinded condition code for that participant was broken by contacting the research
pharmacist. If the participant was in the placebo condition, he or she received open-label
treatment with citalopram. Participants in the citalopram condition received an increased
dose of open-label citalopram. If the depressive symptoms did not show a significant
reduction, defined as a 50% reduction of maximum depression severity within 4 weeks, the
participant was taken off IFN-α therapy. IFN-α was also discontinued at the request of
participants.

Open-Label Antidepressant Treatment and Post-Therapy Dose Titration—After
24 weeks, the code for treatment group assignment was broken for all participants. Those
who continued with antiviral therapy for 48 weeks were offered open-label citalopram for
the duration of IFN-α therapy. Participants were monitored and evaluated for any side
effects or depressive symptoms.

Statistical Analysis
Baseline characteristics were compared by chi-square analyses for categorical variables and
analysis of variance for continuous variables. Odds ratios (ORs), derived from logistic-
regression analyses, were conducted to evaluate the likelihood of developing major
depressive disorder (MDD) during IFN-α treatment, by group assignment. In this analysis,
group assignment was the independent variable, and depression status, assessed with the
SCID, was the dependent variable. This study was originally designed to have power greater
than 80% to detect significant differences in rates of IFN-α-induced depression. This
assumes that 35% of patients assigned to placebo, and 10% assigned to citalopram, would
develop IFN-α-induced depression.8,10 However, because of recruitment difficulties, there
were not sufficient subjects enrolled in the recruitment period. The low rate of major
depression in the entire sample (15.4%) and in the control group (20.0%) further limited the
power to detect differences between groups.

To examine severity scores over time, a series of analysis of covariance (ANCOVA)
statistics were conducted. A different analysis was conducted for depression severity,
anxiety severity, antiviral treatment side effects, and side effects of the study medication.
The factors included in these analyses were Treatment Group, Time (Weeks 4, 8, 12, 16, 20,
and 24), and the interaction of the two. All repeated-measures analyses included baseline
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scores as a covariate. In instances of missing data, data were analyzed with the last
observation carried forward. This study had power greater than 80% to detect a 10-point
difference in scores on the BDI–II in 39 patients. All analyses were two-tailed and
considered to be statistically significant at p<0.05.

Results
Table 1 presents a comparison of the baseline demographic characteristics of subjects
assigned to the citalopram and placebo groups. No significant baseline differences existed
between the two groups on any demographic or medical-related variable. The rate of IFN-α-
induced major depression, as assessed with the SCID, in the entire sample, was 15.4%
(6/39). Citalopram treatment was not significantly associated with prevention of IFN-α-
induced depression (OR: 0.47; 95% confidence interval [CI]: 0.08–2.93). Major depression
developed in 10.5% of subjects assigned to citalopram (2/19), versus 20.0% in the placebo
group (4/20). Also, citalopram treatment was not associated with a significant reduction in
the severity of depressive symptoms over the course of the study (Table 2). Neither
depression severity scores, assessed with the MADRS or BDI–II, nor anxiety scores, as
measured by the Ham–A, significantly differed between the two groups.

Assignment to citalopram or placebo was not associated with likelihood of completing the
recommended course of treatment: 84.2% of participants in the citalopram group completed
antiviral therapy, versus 75.0% of participants assigned to placebo (p=0.70). Reasons for
dropping out of treatment did not differ between the two groups: these included medical
factors (N=3), never starting IFN-α (N=2), noncompliance (N=1), and a combination of
factors (N=2). Group assignment was not associated with likelihood of achieving early
virologic response (genotype 1: 75.0% versus 44.4%, p=0.15; genotypes 2 and 3: 85.7%
versus 81.8%, p=0.83) or sustained virologic response (genotype 1: 41.7% versus 33.3%,
p=0.70; genotypes 2 and 3: 28.6% versus 63.6%, p=0.15).

Administration of citalopram was not associated with a significant change in medication- or
treatment-related side effects. Repeated-measures analysis, using baseline scores as
covariates, did not differ between the two groups on the Neurotoxicity Rating Scale:
F[5,32]=2.17; p=0.08; partial η2=0.25, or the SSRI side-effect checklist, F[5,29]=1.71;
p=0.16; partial η2=0.23.

A similar proportion of participants from both groups had dose changes in the study
medication (26.3% versus 30.0%; p=0.80) and entered the rescue arm of the study (15.8%
versus 20.0%; p=0.73); 18% of participants (N=7) entered the rescue arm of the study and
received open-label antidepressant medication. Of these participants, only one person
(14.3%) continued to report significant depressive symptomatology at the end of treatment.

Secondary analyses examined the impact of baseline depression severity scores during
antiviral therapy. Only 1 of 23 participants with a MADRS score below the median (<3)
developed IFN-α-induced depression. In participants with baseline scores above the median
on the MADRS (>4), randomization to citalopram showed preliminary support for
preventing IFN-α-induced depression; 1 of 7 patients assigned to citalopram (14%), and 4 of
9 assigned to placebo (44%) developed IFN-α-induced depression. However, the differences
between groups did not achieve statistical significance (χ2=1.7; p=0.31).

Discussion
Our study examined the prophylactic use of citalopram to prevent the development of major
depression in HCV patients undergoing antiviral therapy. This study was designed to assess
whether prophylactic medication is helpful, and it attempted to address methodological
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limitations from previous research. Specifically, this is only the third randomized, double-
blind, placebo-controlled study of the use of prophylactic medication among HCV patients
undergoing antiviral therapy. This study built on methods of previous research14 by
including dose escalations of the study medication and a mechanism for retaining the study
blind in those who displayed clinically significant depressive symptoms. Contrary to study
hypotheses, citalopram was not associated with decreased likelihood of developing IFN-α-
induced depression. These data suggest that providing prophylactic citalopram to HCV
patients undergoing antiviral therapy confers no significant advantage for reducing the
likelihood of developing major depression.

Compared with previous research, the rate of IFN-α-induced depression in this study was
low. We found a 15% rate of IFN-α-induced depression, whereas previous investigations
suggest that approximately one-third of patients will develop clinically significant
depression.7,8,15,21 However, in this study, a diagnosis of major depression was based on the
results of a structured clinical interview with the SCID after thresholds for depression
severity were crossed (BDI–II score ≥21 or MADRS score ≥25), whereas other
studies12,13,22 relied on results from self-report measures, which may overestimate the
occurrence of IFN-α-induced depression. In our sample, a reanalysis that used a cutoff score
≥17 on the BDI–II resulted in a rate of IFN-α-induced depression of 30.6%, which is
consistent with previous research. However, when the results from this study were
reanalyzed using this more liberal cutoff rate, the likelihood of developing IFN-α-induced
depression was not significantly different between the two groups.

Previous research examining the efficacy of prophylactic antidepressant medication among
patients undergoing antiviral therapy has been mixed. In 40 patients undergoing antiviral
therapy for malignant melanoma, paroxetine prevented the development of IFN-α-induced
depression.10 In an open-label trial (N=36), citalopram initiated 2 weeks before antiviral
therapy was successful in preventing IFN-α-induced depression in HCV patients with
comorbid psychiatric or substance-use disorder.13 A second open-label study with HCV
patients found that SSRIs were successful in preventing IFN-α-induced depression in those
with histories of depression from a previous course of antiviral therapy for HCV.12 In
contrast, findings from two double-blind, placebo-controlled studies in HCV patients
suggest that prophylactic treatment with paroxetine did not prevent development of IFN-α-
induced depression.14,15 However, studies with HCV patients may not be applicable to
malignant-melanoma patients, because malignant-melanoma patients receive significantly
higher doses of IFN-α, which presumably would be associated with higher rates of IFN-α-
induced depression.

In the present study, we accounted for methodological limitations of previous research with
HCV patients by conducting a double-blind, placebo-controlled study of prophylactic
treatment of depression where all participants received pegylated IFN-α, and the study blind
was not automatically broken when depressive symptoms worsened. The results from the
present study, combined with previous research, suggest that the prophylactic use of
antidepressant medication for all HCV patients undergoing antiviral therapy is unnecessary.
Recent data indicate that citalopram is efficacious in treating IFN-α-induced depression. In a
double-blind, placebo-controlled study of 28 HCV patients who developed IFN-α-induced
depression, citalopram was significantly more likely than placebo to reduce depression
severity scores.23 Also, depressive symptoms responded to medication in only 1 to 2 weeks,
thereby decreasing the likelihood that depressive symptoms would interfere with antiviral
therapy.23 On the basis of available data, we recommend that all HCV patients undergoing
antiviral therapy be closely monitored for exacerbation of depressive symptoms. If a patient
develops clinically significant depression, treatment should be initiated promptly.24 Some
HCV patients receiving antiviral therapy may be at increased risk of developing IFN-α-
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induced major depression because of a history of a psychiatric disorder, having developed
IFN-α-induced depression during a previous unsuccessful treatment, a genetic
predisposition,25 having higher baseline (pre-antiviral therapy) depression scores, or other
factors. For these high-risk patients, prophylactic antidepressant medication may be helpful.
12,13,15 Data from the present study suggest that prophylactic citalopram was not associated
with an increase in treatment-related side effects or marked change in medication-related
negative effects.

A secondary study aim was to examine the effect of citalopram on antiviral treatment
outcomes. Contrary to hypotheses, medication was not associated with decreased antiviral
treatment side effects or likelihood of premature treatment discontinuation. Therefore,
adding prophylactic citalopram during antiviral therapy may not improve treatment
outcomes. However, citalopram was not associated with a significant difference in scores on
the SSRI Side-Effect Checklist, suggesting that this medication is not toxic for HCV patients
undergoing antiviral therapy.

There are several limitations regarding the study findings. First, the power to detect
significant differences in rates of IFN-α-induced major depression was low, leaving the
possibility of a Type II error. However, we also compared depression and anxiety severity
scores between the two groups, and had adequate power to detect clinically significant
differences, and the results for these analyses were also nonsignificant. Second, this study
had specific inclusion/exclusion criteria, which limit the generalizability of the findings. We
excluded patients who were already taking an antidepressant medication or who had current
clinically-significant psychiatric symptoms. Third, this study took place at two VA Medical
Centers, and VA patients may differ from the clinical presentation in other settings. Finally,
all participants were followed closely by a research assistant. Patients were greeted at all
appointments by the research assistant and received weekly follow-up phone calls. It is
possible that the nonspecific support provided by the assistant may have moderated the
severity of psychiatric symptoms in an unanticipated way.

In summary, results from this randomized, double-blind, placebo-controlled study, designed
to evaluate the efficacy of citalopram in preventing IFN-α-induced depression in HCV
patients, did not indicate that the use of SSRI medications was helpful. Although the use of
citalopram was not associated with negative effects, a conservative and empirically
supported approach to the treatment of IFN-α-induced depression suggests that prophylactic
antidepressant use is not indicated. We recommend the careful monitoring of
neuropsychiatric symptoms during antiviral therapy and initiating psychiatric treatment at
the initial signs of depression.
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FIGURE 1. Flow of Participants Through Study Protocol
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TABLE 1
Baseline Demographic and Treatment-Related Characteristics of Patients With Hepatitis
C

Full Sample (N=39)
Citalopram Group

(N=19)
Placebo Group

(N=20) Test Statistic [df]

Age, years, mean (SD) 53.0 (7.3) 51.8 (5.1) 54.2 (8.9) F[1,38]=1.02

Race/ethnicity, N (%) χ2[1]=0.67

 White 33 (84.6%) 17 (89.5%) 16 (80.0%)

 Other 6 (15.4%) 2 (10.5%) 4 (20.0%)

Employment, N (%) χ2[2]=4.59

 Employed 20 (51.3%) 13 (68.4%) 7 (35.0%)

 Retired 8 (20.5%) 2 (10.5%) 6 (30.0%)

 Other 11 (28.2%) 4 (21.1%) 7 (35.0%)

Education, N (%) χ2[1]=0.05

 High School or less 13 (33.3%) 6 (31.6%) 7 (35.0%)

 Some college or more 26 (66.7%) 13 (68.4%) 13 (65.0%)

Gender, N (%) χ2[1]=0.31

 Male 36 (92.3%) 18 (94.7%) 18 (90.0%)

 Female 3 (7.7%) 1 (5.3%) 2 (10.0%)

HCV genotype, N (%) χ2[1]=1.29

 1 21 (53.8%) 12 (63.2%) 9 (45.0%)

 2 or 3 18 (46.2%) 7 (36.8%) 11 (55.0%)

History of major depression, N (%) 5 (12.8%) 2 (10.5%) 3 (15.0%) χ2[1]=0.17

Current depression severity, mean (SD) 4.3 (4.3) 3.3 (3.9) 5.3 (4.6) F[1,38]=2.10

SD: standard deviation. All p values were nonsignificant. History of major depression was assessed with the Structured Clinical Interview for
DSM–IV. Current depression severity was assessed with the Beck Depression Inventory, 2nd Edition.
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