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BSTRACT

 

Background

 

Depression commonly complicates
treatment with the cytokine interferon alfa-2b. Labo-
ratory animals pretreated with antidepressants have
less severe depression-like symptoms after the admin-
istration of a cytokine. We sought to determine wheth-
er a similar strategy would be effective in humans.

 

Methods

 

In a double-blind study of 40 patients with
malignant melanoma who were eligible for high-dose
interferon alfa therapy, we randomly assigned 20 pa-
tients to receive the antidepressant paroxetine and 20
to receive placebo. The treatment was begun 2 weeks
before the initiation of interferon alfa and continued
for the first 12 weeks of interferon alfa therapy.

 

Results

 

During the first 12 weeks of interferon alfa
therapy, symptoms consistent with a diagnosis of ma-
jor depression developed in 2 of 18 patients in the pa-
roxetine group (11 percent) and 9 of 20 patients in the
placebo group (45 percent) (relative risk, 0.24; 95 per-
cent confidence interval, 0.08 to 0.93). Severe depres-
sion necessitated the discontinuation of interferon alfa
before 12 weeks in 1 of the 20 patients in the paroxe-
tine group (5 percent), as compared with 7 patients in
the placebo group (35 percent) (relative risk, 0.14; 95
percent confidence interval, 0.05 to 0.85). The inci-
dence of adverse events was similar in the two groups.

 

Conclusions

 

In patients with malignant melanoma,
pretreatment with paroxetine appears to be an effec-
tive strategy for minimizing depression induced by in-
terferon alfa. (N Engl J Med 2001;344:961-6.)
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NTERFERON-

 

a

 

 is an important cytokine in
the early immune response to viral infection and
has both antiproliferative and antiviral proper-
ties.

 

1

 

 Interferon alfa has been used at high doses
(1 million to 50 million U) for the treatment of ma-
lignant disorders and infectious diseases, including ma-
lignant melanoma and chronic hepatitis C. Interferon
alfa, in combination with ribavirin, is the only thera-
py approved by the Food and Drug Administration
for hepatitis C, which affects 4 million to 5 million
persons in the United States and is the most com-
mon cause of cirrhosis leading to liver transplantation.

 

2

 

Although it is an effective therapy, interferon alfa has
been associated with high rates of central nervous sys-
tem side effects, including symptoms that overlap with
those found in major depression — for example, an-
hedonia, fatigue, anorexia, impaired concentration,

I

 

and sleep disturbance.

 

3,4

 

 Suicidal ideation has also been
reported, as have several cases of suicide.

 

5

 

 Studies of
open-label treatment and case reports have suggested
that opioid-receptor antagonists, stimulants, and an-
tidepressants may provide some relief from these trou-
blesome psychiatric side effects.

 

3

 

Pretreatment of laboratory animals with the tricyc-
lic antidepressant imipramine has been reported to
reduce the intensity of behavioral side effects, also re-
ferred to as “sickness behavior” (anhedonia, anorexia,
and decreased social exploration), after cytokine ad-
ministration.

 

6,7

 

 To determine whether antidepressants
similarly attenuate cytokine-induced depression in hu-
mans, we conducted a prospective, double-blind, pla-
cebo-controlled trial of the antidepressant paroxetine
in patients undergoing high-dose interferon alfa ther-
apy for malignant melanoma. Paroxetine is a selective
serotonin-reuptake inhibitor that was chosen because
of its ease of administration (once-daily dosing), ab-
sence of active metabolites, and favorable side-effect
profile, including lower levels of cardiotoxicity than
those of tricyclic antidepressants.

 

8

 

METHODS

 

Patients

 

Forty patients with malignant melanoma that had been resected
but was estimated to have a greater than 50 percent chance of re-
currence were recruited from the Winship Cancer Institute of Em-
ory University School of Medicine between March 1997 and April
2000. Criteria for exclusion included unresectable metastases, a
score of less than 24 on the Mini–Mental State Examination,

 

9

 

 a
diagnosis of schizophrenia or bipolar disorder as determined by
the structured clinical interview for the 

 

Diagnostic and Statistical
Manual of Mental Disorders, 

 

fourth edition (DSM-IV),

 

10

 

 and ev-
idence of unstable cardiovascular, endocrine, hematologic, hepatic,
renal, or neurologic disease. The Human Investigations Committee
of Emory University School of Medicine approved the study, and
all patients gave written informed consent. Of 56 patients screened,
40 patients met the criteria for eligibility and were randomized.

 

Treatment and Follow-up

 

Two weeks before the initiation of interferon alfa therapy, patients
were randomly assigned in double-blind fashion to begin taking
either paroxetine (Paxil, SmithKline Beecham) or placebo, starting
at one tablet per day for one week, followed by two tablets per day
for one week. Two weeks after the initiation of interferon alfa (four
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weeks after the initiation of paroxetine therapy or placebo), the dos-
age of the study medication could be increased at the discretion of
the study psychiatrist to up to four tablets per day. Each paroxetine
tablet contained 10 mg. The average number of tablets taken daily,
at the maximal dose, for each group was 3.1 (31 mg of paroxetine
per day), although the average for the patients treated with placebo
was calculated on the basis of data that included tablet counts from
several patients who discontinued their study participation early
(due to severe depression) before the study medication could be
increased.

Patients received interferon alfa-2b (Intron A, Schering-Plough)
at a dose of 20 million U per square meter of body-surface area in-
travenously five days per week for the first four weeks, followed by
10 million U per square meter subcutaneously three days per week
for the remaining eight weeks of the study. After 12 weeks, the pa-
tients’ physicians were informed of the treatment assignment for
each patient. Allowable concomitant medications included aceta-
minophen and nonsteroidal antiinflammatory agents for pain and
fever; diphenhydramine, temazepam, or zolpidem for insomnia; lor-
azepam, prochlorperazine, granisetron, and ondansetron for nausea;
and narcotics for pain.

Patients were evaluated at base line (before the administration
of the study drug) and at regularly scheduled intervals after the ini-
tiation of interferon alfa therapy, for the first 12 weeks of a planned
48-week treatment period. Assessments included the 21-item, ob-
server-rated Hamilton Depression Rating Scale

 

11

 

; the self-reported
Carroll Depression Scale

 

12

 

; the observer-rated Hamilton Anxiety
Scale

 

13

 

; and the self-reported Neurotoxicity Rating Scale developed
by Meyers and Valentine.

 

14

 

 On all of these scales, higher scores in-
dicate a greater severity of symptoms.

The Hamilton Depression and Carroll Depression rating scales
quantify the severity of depressive symptoms, including depressed
mood, loss of interest in usually pleasurable activities, insomnia, an-
orexia, fatigue, weight loss, and psychomotor retardation or agita-
tion. A score of 0 to 6 on the Hamilton Depression Rating Scale
indicates a normal state; a score of 7 to 17 indicates mild depression;
a score of 18 to 24 indicates moderate depression; and a score of
25 or higher indicates severe depression.

 

15

 

 The Hamilton Anxiety
Scale measures the severity of symptoms of anxiety, including anx-
ious mood, tension, fear, and physical symptoms of anxiety. Scores
range from 0 to 56, with a score of 14 indicating clinically signif-
icant anxiety.

 

15

 

 Moderate levels of depression and anxiety typically
qualify patients for entry into clinical trials of pharmaceutical prod-
ucts for these conditions. The Neurotoxicity Rating Scale is used in
the evaluation of psychiatric and physical symptoms related to cy-
tokine therapy, including depressed mood, difficulties with memory
or concentration, fatigue, nausea or vomiting, body aches, fever, vis-
ual disturbances, bowel or bladder problems, and joint pain. Scores
range from 0 to 148 but have yet to be classified; the mean (±SD)
score in patients in this study who discontinued interferon alfa ther-
apy owing to severe depression or neurotoxicity was 42.6±26.2.

At each study visit, a psychiatrist determined whether the pa-
tient met the DSM-IV criteria for major depression, which requires
the presence and persistence for at least two weeks of a specified set
of depressive symptoms.

 

16

 

 According to DSM-IV nomenclature, a
depressive syndrome that develops during interferon alfa therapy is
a substance-induced mood disorder.

 

16

 

Statistical Analysis

 

On the basis of the standard deviation of Hamilton Depression
scores in patients with newly diagnosed cancer,

 

17

 

 the study was de-
signed to have 86 percent power to detect a 10-point difference in
scores on the Hamilton Depression Rating Scale at 12 weeks in 40
patients randomly assigned to paroxetine or placebo (20 patients
per group) with a two-sided significance level of 0.05.

The incidence rates of major depression during interferon alfa
therapy in the two groups were compared by means of the log-rank
test.

 

18

 

 Kaplan–Meier plots were used to display the survival curves
of each group.

 

18

 

 A similar analysis was used to assess the rates of
discontinuation of interferon alfa therapy before 12 weeks because

of severe depression or related neurotoxic symptoms. Continuous
variables were analyzed by a two-way repeated-measures analysis of
variance.

 

19

 

 The factors included in the analysis were treatment group
(placebo or paroxetine), time (base line, 4 weeks, 8 weeks, and 12
weeks), and the interactions of the two. Post hoc comparisons were
made at 4, 8, and 12 weeks. Data were analyzed with the use of both
parametric and nonparametric tests of significance, and similar re-
sults were obtained with all methods. All outcome analyses were
based on the intention-to-treat principle, with use of two-sided
P values and 95 percent confidence intervals.

To resolve the issue of missing data for patients who discontinued
their participation in the study before 12 weeks of interferon alfa
therapy (the majority because of severe depression), data were ana-
lyzed both with and without the last observation for these patients
carried forward. This method assumes that depression scores would
have remained at least as high for later visits had interferon alfa ther-
apy been continued. Reported results are those obtained with the
last observation carried forward, although no differences in statis-
tical significance were found between analyses that used this meth-
od and those that did not.

 

RESULTS

 

The base-line characteristics of the 20 patients in the
placebo group and the 20 patients in the paroxetine
group are shown in Table 1. The two groups were sim-
ilar in terms of age, sex distribution, and the propor-
tions with recent surgical procedures and a history
of major depression. The equal number of men and
women in both groups occurred by chance. Two pa-
tients who underwent a base-line evaluation and were
randomly assigned to receive paroxetine discontinued
their participation in the study before treatment with
the study medication and interferon alfa began: one
was discovered to have unresectable metastases (and
therefore was not eligible for interferon alfa therapy),
and one could not arrange consistent transportation.
According to the intention-to-treat principle, data for
these patients were included in the statistical analyses.
No patients dropped out of the study during the first
two weeks of double-blind treatment (before the ini-
tiation of interferon alfa).

Paroxetine treatment significantly reduced the in-
cidence of major depression among patients receiving
interferon alfa therapy (P=0.04 by the log-rank test)
(Fig. 1). Over the course of the study, symptoms con-
sistent with a diagnosis of major depression developed
in 2 of 18 patients in the paroxetine group (11 per-
cent), as compared with 9 of 20 patients in the place-
bo group (45 percent) (relative risk, 0.24; 95 percent
confidence interval, 0.08 to 0.93). In one additional
patient in the placebo group (who was not coded in
the analysis as having major depression), symptoms
developed that met the criteria for major depression,
but the patient discontinued interferon alfa (because
of severe depression) before the symptoms had persist-
ed for at least two weeks, as required by the DSM-IV
definition. Two patients randomly assigned to parox-
etine received diagnoses of major depression at screen-
ing (before the initiation of the study drug or inter-
feron alfa). Both patients completed the study and by
12 weeks no longer had symptoms that met the crite-
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ria for major depression, despite having received inter-
feron alfa therapy. These two patients were not includ-
ed in the analysis of survival free of major depression.

In addition to reducing the incidence of major de-
pression, paroxetine had a significant effect (apparent
in analyses of the interaction between group assign-
ment and time) on the severity of depressive symptoms
over the course of the study (P<0.001) (Table 2). By
the 12th week of interferon alfa therapy, the scores on
the Hamilton Depression Rating Scale among pa-
tients in the paroxetine group were not significantly
different from the base-line scores and were almost
50 percent lower than those among patients in the
placebo group (P=0.01). The self-reported Carroll
Depression Scale produced similar results (data not
shown). Paroxetine also had a significant effect on the
severity of symptoms of both anxiety (P<0.001) and
neurotoxicity (P<0.001), which were approximately
50 percent lower in the paroxetine group than in the
placebo group during the 8th and 12th weeks of in-
terferon alfa therapy (Table 2).

Paroxetine treatment also significantly decreased the
likelihood that interferon alfa therapy would have to
be discontinued (a decision made by the study oncol-
ogist) because of severe depression or related neuro-
toxic effects (P=0.03 by the log-rank test). In only
one patient assigned to paroxetine (5 percent) was in-
terferon alfa discontinued before 12 weeks, as com-
pared with seven patients in the placebo group (35
percent) (relative risk, 0.14; 95 percent confidence in-
terval, 0.05 to 0.85) (Fig. 1).

Depression scores in the placebo group at base line
were significantly correlated with depression scores at
four weeks (r=0.61, P=0.005). Similar correlations
were found for symptoms of anxiety in the placebo
group (r=0.77, P<0.001). No such correlations were
found for depression or anxiety in the paroxetine
group (r=0.23, P=0.34, and r=0.26, P=0.26, re-
spectively).

 

*Plus–minus values are means ±SD.
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Figure 1.

 

 Kaplan–Meier Analysis of the Percentage of Patients
in the Placebo and Paroxetine Groups Who Were Free of Major
Depression (Panel A) and of Severe Depression Requiring the
Discontinuation of Interferon Alfa (Panel B).
In Panel A, a comparison of the curves for the 20 patients in the
placebo group and the 18 patients remaining in the paroxetine
group shows a significant difference between the groups in the
development of major depression (relative risk in the paroxe-
tine group, 0.24; 95 percent confidence interval, 0.08 to 0.93;
P=0.04 by the log-rank test). In Panel B, a comparison of the
curves for the 20 patients in the placebo group and the original
20 patients in the paroxetine group shows a significant differ-
ence between groups in the development of severe depression
requiring the discontinuation of interferon alfa before 12 weeks
(relative risk in the paroxetine group, 0.14; 95 percent confi-
dence interval, 0.05 to 0.85; P=0.03 by the log-rank test). Ob-
servations in patients who were withdrawn from the study for
reasons other than severe depression were recorded as cen-
sored at the appropriate study visit.
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After discontinuation of interferon alfa therapy on
completion of the 12-week study, all 20 patients in
the placebo group were offered open-label paroxetine,
and 15 accepted. Of these, nine had definite improve-
ment in depressive symptoms, three discontinued pa-
roxetine because of side effects, one (who did not have
depression earlier) had no change, and two were lost
to follow-up.

The types of adverse events did not differ between
groups and included elevated liver-enzyme levels,
leukopenia, neutropenia, thrombocytopenia, anemia,
rash, and retinal hemorrhages and cotton-wool spots.
After the 12-week study period, small, reversible ret-
inal hemorrhages developed in two patients, and a
third patient had more severe retinal hemorrhages,
with associated irreversible loss of vision. All three pa-
tients were taking paroxetine at the time, but each also
had other risk factors that could have contributed to
bleeding.

 

20

 

 Finally, there were no significant differenc-
es between the treatment groups in terms of the con-
current use of other medications (data not shown).

 

DISCUSSION

 

Previous studies have documented depressive symp-
toms in patients receiving treatment with interferon
alfa for malignant melanoma. However, the develop-
ment in 45 percent of the patients in our placebo

group of symptoms consistent with the DSM-IV cri-
teria for major depression is remarkable and illustrates
the substantial psychiatric morbidity associated with
high-dose interferon alfa treatment.

Treatment with the antidepressant paroxetine signif-
icantly attenuated interferon alfa–associated symptoms
of depression, anxiety, and neurotoxicity and decreased
the incidence of major depression during high-dose
interferon alfa therapy. There have been several case
reports of the use of antidepressant drugs to treat de-
pression induced by interferon alfa, including reports
of the successful use of tricyclic antidepressants and
selective serotonin-reuptake inhibitors.

 

21-23

 

 Other phar-
macologic strategies have included the use of methyl-
phenidate for fatigue and naltrexone for neurotoxicity
and cognitive dysfunction.

 

3,14

 

 Our double-blind, pla-
cebo-controlled study of the use of a pharmacologic
treatment to prevent cytokine-induced psychiatric ef-
fects provides clinical evidence of the effectiveness of
antidepressants as prophylaxis against depression in
medically ill patients who are at high risk for neuro-
psychiatric disorders.

More than one third of the patients in the placebo
group in our study had to discontinue interferon alfa
therapy because of severe depression or related neu-
rotoxic effects. Similar rates of premature discontin-
uation have been reported for depressed patients re-

 

*On all scales, higher scores represent more severe symptoms. A score of 0 to 6 on the Hamilton
Depression Rating Scale indicates a normal state; 7 to 17 indicates mild depression; 18 to 24 indicates
moderate depression; and 25 or higher indicates severe depression. Scores on the Hamilton Anxiety
Scale range from 0 to 56, with a score of 14 or more indicating clinically significant anxiety. Scores
on the Neurotoxicity Rating Scale range from 0 to 148 but have yet to be classified. The average
score in patients in this study who discontinued interferon alfa therapy because of severe depression
or neurotoxicity was 42.6±26.2. Scores reported are the mean ±SD values derived with use of the
last-observation-carried-forward method on the basis of the intention-to-treat principle; for patients
who discontinued their participation in the study in the interval between base line and 4 weeks, 4 and
8 weeks, or 8 and 12 weeks, the scores obtained at the time of study discontinuation were carried
forward to subsequent visits. At base line, there were 20 patients per group; at 4 weeks, 15 patients
remained in the placebo group, and 18 in the paroxetine group; at 8 weeks, 14 remained in the pla-
cebo group, and 16 in the paroxetine group; at 12 weeks, 12 remained in the placebo group, and 14
in the paroxetine group.

†P values were calculated by analysis of variance and represent the interactions of group with time.

‡P<0.05 for the post hoc comparison with placebo at the corresponding time point.

§P«0.01 for the post hoc comparison with placebo at the corresponding time point.
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Hamilton Depression Rating Scale
(21 items)

Placebo
Paroxetine

5.0±4.4
5.6±4.7

11.8±7.6
9.1±5.2

14.5±9.9
7.8±5.2‡

15.2±9.9
8.4±5.0§

<0.001

Hamilton Anxiety Scale
Placebo
Paroxetine

4.6±3.4
5.1±3.3

9.5±5.6
5.7±4.1‡

10.9±6.9
6.6±4.2‡

12.3±7.1
6.2±4.4§

<0.001

Neurotoxicity Rating Scale
Placebo
Paroxetine

11.3±9.7
8.8±6.0

19.5±17.8
11.4±8.1

26.4±22.8
11.0±7.6§

28.3±23.0
11.8±7.8§

<0.001
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ceiving interferon beta for multiple sclerosis.

 

24

 

 Given
the high incidence of major depression in patients re-
ceiving interferon alfa for malignant melanoma and the
association between depression and the discontinu-
ation of treatment, there appears to be justification for
treating these patients with paroxetine. However, given
the limited information on the incidence of depression
and neurotoxicity in patients receiving interferon alfa
for other diseases, such as hepatitis C, more study is
required before the widespread use of antidepressants
can be recommended for patients with other illnesses.
It should also be established whether the reduction in
depressive symptoms associated with the use of anti-
depressants influences the effectiveness of therapy with
interferon alfa. Given the number of patients who
would have to be treated to make such a determina-
tion, this type of study would be easier to conduct in
patients with chronic hepatitis C than in those with
malignant melanoma.

Identification of which patients might be most vul-
nerable to depression during cytokine therapy would
help physicians target their strategies for prevention. As
was the case in the report of Capuron and Ravaud,

 

25

 

the scores indicating the severity of depression at base
line among the patients in the placebo group were pre-
dictive of depressive symptoms after four weeks of
therapy with interferon alfa. Base-line anxiety scores
in the placebo group were also predictive of symptoms
of anxiety in that group at four weeks. Thus, screening
for symptoms of anxiety, as well as depression, before
beginning interferon alfa therapy may help to identify
patients at high risk for psychiatric complications of
interferon therapy.

Paroxetine was well tolerated by study patients, with
no evidence of an increase in the incidence of adverse
events during the study period. Nevertheless, although
retinal hemorrhage is a rare side effect of paroxetine
(less than 1 in 1000), given the development of retinal
hemorrhages after the completion of the 12-week
study in a small number of patients taking paroxetine,
and given the high rates of retinal complications in
patients treated with interferon alfa,

 

20

 

 regular fundu-
scopic examinations should be performed and patients
with visual symptoms should be referred promptly to
an ophthalmologist, whether or not paroxetine is used.

The mechanisms by which interferon alfa causes de-
pression and neurotoxic effects and the mechanisms
by which paroxetine has a salutary effect on these
symptoms remain obscure. Interferon alfa has been
shown to induce the production of other, proinflam-
matory, cytokines such as tumor necrosis factor 

 

a

 

,
interleukin-1, and interleukin-6, all of which are po-
tent inducers of sickness behavior and neurotoxic ef-
fects in humans and animals.

 

4,26,27

 

 Paroxetine may en-
hance endogenous feedback pathways that regulate the
production of such cytokines. Previous studies have
explored other mechanisms that may be involved in
the effects of interferon alfa

 

28-32

 

 and in those of parox-

etine.

 

33,34

 

 Regardless of the underlying mechanisms,
however, the clinical effects are clear in this 12-week
study. Whether the effects of paroxetine will be sus-
tained and whether paroxetine will inhibit the thera-
peutic effects of interferon are unknown.
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