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Neurobehavioral Effects of Interferon-a in
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Symptom Dimensions
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We have previously shown that the risk of major depression in
patients with malignant melanoma undergoing interferon-a
(IFN-a) therapy can be reduced by pretreatment with the
antidepressant, paroxetine. Using dimensional analyses, the
present study assessed the expression and treatment
responsiveness of specific clusters of neuropsychiatric
symptoms over the first three months of IFN-« therapy.
Forty patients with malignant melanoma eligible for IFN-a
treatment were randomly assigned to receive either paroxetine
or placebo in a double-blind design. Neuropsychiatric
assessments were conducted at reqular intervals during the
first twelve weeks of IFN-« therapy and included the 21-item
Hamilton Depression Rating Scale, the 14-item Hamilton
Anxiety Rating Scale and the Neurotoxicity Rating Scale.
Neurovegetative and somatic symptoms including
anorexia, fatigue and pain appeared within two weeks of

IFN-a therapy in a large proportion of patients. In
contrast, symptoms of depressed mood, anxiety and
cognitive dysfunction appeared later during IFN-a
treatment and more specifically in patients who met
DSM-IV criteria for major depression. Symptoms of
depression, anxiety, cognitive dysfunction and pain were
more responsive, whereas symptoms of fatigue and
anorexia were less responsive, to paroxetine treatment.
These data demonstrate distinct phenomenology and
treatment responsiveness of symptom dimensions induced
by IFN-a, and suggest that different mechanisms mediate
the various behavioral manifestations of cytokine-induced
“sickness behavior.”
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Interferon-a (IFN-a) is a cytokine released early during
viral infection and has both anti-viral and anti-prolifer-
ative properties. IFN-a has been used to treat a variety
of chronic viral infections and malignant disorders and
constitutes the only FDA-approved treatment for
chronic hepatitis C, a viral infection that afflicts over 4
million individuals in the United States (Gutterman
1994; Kirkwood et al. 1996; Ravaud et al. 1999; Liang et
al. 2000). Despite its potential therapeutic benefits, ad-
ministration of IFN-a is frequently accompanied by the
appearance of neuropsychiatric symptoms, e.g., de-
pressed mood, anhedonia, anxiety and cognitive im-
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pairment, and neurovegetative and somatic symptoms,
e.g., anorexia, fatigue, altered sleep, pain, and fever
(Renault et al. 1987; Carpiniello et al. 1998; Valentine et
al. 1998; Capuron et al. 2000). Clinical studies have
shown that approximately 30 to 45% of patients receiv-
ing IFN-a develop depression during the course of
therapy (Miyaoka et al. 1999; Musselman et al. 2001).
The neuropsychiatric effects of IFN-a generally resolve
after treatment cessation, but in some cases, residual
symptoms persist for months (Meyers et al. 1991). IFN-
a—induced neuropsychiatric toxicity is an important
public health concern because it can reduce quality of
life, compromise compliance, and lead to adjustment or
interruption of IFN-a therapy, thus limiting its thera-
peutic potential.

A recent double-blind, placebo-controlled study in
patients undergoing IFN-a therapy for the treatment of
malignant melanoma indicated that pretreatment with
the antidepressant paroxetine was effective in prevent-
ing the development of major depression and was asso-
ciated with better adherence to IFN-a therapy (Mussel-
man et al. 2001). The aim of the present study was to use
dimensional analyses to examine the expression of spe-
cific clusters of neuropsychiatric and neurovegetative/
somatic symptoms in these patients over the first 12
weeks of IFN-a treatment and determine the responsive-
ness of these symptoms to paroxetine administration.

METHODS
Patients

Forty patients (20 males, 20 females; age range: 25-74
years old) with resected malignant melanoma and a
50% or greater chance of recurrence participated in the
study. This patient sample was identical to that re-
ported in Musselman et al. (2001). Patients were re-
cruited from the Winship Cancer Institute of the Emory
University School of Medicine and were assigned to re-
ceive IFN-a therapy intravenously at the dose of 20 mil-
lion international units (MIU) per square meter of body
surface area five days per week for the first four weeks
of therapy followed by 10 MIU/m? subcutaneously
three days per week for the remaining eight weeks of
the study.

Patients with a diagnosis of schizophrenia or bipolar
disorder as determined by the Structured Clinical Inter-
view for DSM-1IV (SCID) (American Psychiatric Associ-
ation 1994), a Minimental State Exam =< 24 (Folstein et
al. 1975), or uncontrolled neurological, cardiovascular,
endocrine, hematologic, hepatic or renal disease were
excluded.

All patients were adults and provided signed in-
formed consent before enrollment. The study was ap-
proved by the Human Investigations Committee of the
Emory University School of Medicine.
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Enrollment and Followup

After baseline evaluation, patients were randomly as-
signed in double-blind fashion to receive either placebo
or paroxetine (Paxil) according to a permutation block
randomization procedure.

Patients received study medication (paroxetine or
placebo) two weeks before initiating IFN-a. The dosage
of study medication was one tablet (10 mg of parox-
etine per tablet) per day for the first week and two tab-
lets per day for the second week. The dosage could be
increased up to four tablets per day during the second
week of IFN-a therapy.

Following baseline assessment, evaluations occurred
on a weekly basis during the first four weeks of IFN-a
therapy and every four weeks thereafter.

Assessments

At each evaluation, patients were administered a bat-
tery of observer-rated and self-report psychiatric assess-
ments including the 21-item observer-rated Hamilton
Rating Scale for Depression (HAM-D) (Hamilton 1960),
the 14-item observer-rated Hamilton Anxiety Scale
(HAM-A) (Maier et al. 1988) and the 39-item self-report
Neurotoxicity Rating Scale (NRS) (Valentine et al. 1995).
In addition, a semi-structured interview, a modified
Structured Clinical Interview for DSM-IV (SCID), was
administered by a psychiatrist to determine whether
patients fulfilled symptom criteria for major depres-
sion. It should be noted that major depression occurring
in association with IFN-a therapy is appropriately des-
ignated a “Substance-Induced Mood Disorder” in
DSM-1V nomenclature. The HAM-D and HAM-A scales
include items scored from 0—4 assessing the mood, so-
matic and cognitive symptoms of depression and anxi-
ety. The NRS includes items scored from 0 (“not
present”) to 4 (“extremely severe”) measuring the se-
verity of various psychiatric, cognitive, neurovegetative
and somatic symptoms known to be induced by cyto-
kine therapy. Mean values of these scales as well as the
development of major depression in this patient sample
have been reported elsewhere (Musselman et al. 2001).

Dimensional Analyses

Four time points were chosen for the dimensional anal-
yses because they allowed to capture immediate vs. de-
layed neurobehavioral effects of IFN-a: (1) baseline (be-
fore initiating IFN-a therapy or study medication); (2)
two weeks following initiation of IFN-a treatment; (3)
at the end of the second month of IFN-a treatment
(week 8); and (4) at the end of the study (i.e., week 12).
To perform the dimensional analyses, neuropsychi-
atric and neurovegetative/somatic symptoms were
grouped in four dimensions corresponding to mood,
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cognition, neurovegetative function and somatic symp-
toms respectively. The dimension of mood included de-
pressive symptoms (depressed mood, feelings of guilt
and suicidal thoughts assessed by the HAM-D scale
and anhedonia assessed by the NRS) and anxious
symptoms (anxious mood, tension/irritability, fear as-
sessed by the HAM-A scale). The dimension of cogni-
tive function included self-reported symptoms of mem-
ory impairment, distractibility, indecisiveness, word-
finding problems and episodes of confusion as assessed
by the NRS. The dimension of neurovegetative function
included symptoms of anorexia, altered sleep (diffi-
culty getting to sleep or staying asleep, sleeping too
much), fatigue, and psychomotor retardation assessed
by the NRS. Finally, the dimension of somatic symp-
toms included pain symptoms (headache, body aches,
joint pain) and gastrointestinal distress (nausea, vomit-
ing, bowel problems) assessed by the NRS. The mean
score obtained by a patient in each dimension was cal-
culated as the sum of the severity scores obtained by
the patient in each of the symptoms in that dimension
divided by the number of symptoms in that dimension.
For example, the mean score obtained by a patient in
the dimension of anxiety corresponded to the sum of
the score on the three following items: anxious mood,
tension/irritability, and fear, divided by three.

Statistical Analyses

Differences between placebo- and paroxetine-treated
patients for categorial variables were assessed using the
chi-square test. Analysis of Variance (ANOVA) with
treatment (placebo vs. paroxetine) as the independent
factor and time as the repeated measure (RM) factor
were performed for mean comparisons. Post hoc com-
parisons were made using both conservative (Tukey)
and powerful (t-test) tests of significance. Where signif-
icance was attained using both tests, only the Tukey test
was reported. In each analysis, the homogeneity of vari-
ances was assessed using Bartlett’s test for homogene-
ity, and for variables with non-homogenous variances,
mean differences were measured using non-parametric
analyses (Mann-Whitney U test for between-subjects
designs; Friedman’s and Wilcoxon tests for RM de-
signs). All probabilities were two-sided.

Two patients randomized to the paroxetine group
were removed from the study prior to initiating study
medication or IFN-a therapy: one patient was discovered
to have metastases and the other could not arrange con-
sistent transportation. The data obtained for these two
patients were not included in the dimensional analyses.

To resolve the issue of missing data due to exit of pa-
tients from the study prior to week 12, data were ana-
lyzed using the last observation carried forward
method. Seven patients in the placebo group and one
patient in the paroxetine group discontinued the study
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prior to week 12 due to severe depression or neurotox-
icity. Other reasons for prematurely exiting the study
included non-compliance with the study protocol (n =
1in the paroxetine group) and the development of met-
astatic lesions or other medical complications requiring
IFN-a discontinuation (n = 2 in the paroxetine group, n =
1 in the placebo group).

RESULTS

Socio-demographic Characteristics of the
Study Sample

Socio-demographic characteristics of the study groups
are depicted in Table 1. There were no significant differ-
ences in the age (T = —0.57, df = 36, p = .58) or the ratio
of males to females (x*> = 0.12, df = 1, p = .73) between
placebo- and paroxetine-treated patients. In addition,
there were no differences between groups in education
level (x* = 2.79, df = 3, p = .43), relationship status (x* =
1.81, df = 2, p = .41), or history of major depressive dis-
order (x* = 0.04, df = 1, p = .84).

IFN-o—induced Neurotoxicity in Placebo- and
Paroxetine-treated Patients: Time Course and
Symptom Severity

Baseline scores for neuropsychiatric and neurovegeta-
tive/somatic symptoms were similar in the two study
groups (Figure 1 and Table 2).

Figure 1 depicts the temporal evolution of scores in
each symptom dimension in placebo- versus paroxet-
ine-treated patients over the course of the study. By
week 12, placebo-treated patients displayed signifi-
cantly higher scores, i.e., greater symptom severity, in
the dimensions of mood, cognition, and neurovegeta-
tive and somatic symptoms compared with baseline.
Depressive symptoms in placebo-treated patients were

Table 1. Socio-demographic Characteristics of Placebo-
(n=20) and Paroxetine-treated Patients (n=18)

Placebo Paroxetine

Age mean (+SD) 50 (13) 52 (7)
Gender (ratio M/F) 10/10 10/8
Level of Education

Master’s degree or higher 5/20 (25%) 1/18 (5.6%)

Bachelor’s degree or higher 6/20 (30%) 6/18 (33.3%)

2 years of college or less 1/20 (5%) 1/18 (5.6%)

High school or less 8/20 (40%)  10/18 (55.5%)
Relationship Status

Married 14/20 (70%) 9/18 (50%)

Single 2/20 (10%) 2/18 (11.1%)

Separated /Divorced 4/20 (20%) 7/18 (38.9%)
History of Major Depression 5/20 (25%) 4/18 (22.2%)
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Figure 1. Depressive, anxious, cognitive, neurovegetative and somatic symptoms in placebo (n = 20) and paroxetine (n =
18) treated patients during IFN-a therapy.

Depressive symptoms were measured by the items of depressed mood, feelings of guilt and suicidal thoughts assessed in
the HAM-D scale and anhedonia (loss of interest in people, loss of interest in work and activities) assessed in the NRS scale.
Anxious symptoms included the symptoms of anxious mood, tension/irritability and fear assessed by the HAM-A scale.
Cognitive symptoms were measured by the items of memory disturbances, distractibility, indecisiveness, word-finding
problems and episodes of confusion from the NRS scale. Neurovegetative and somatic dimensions included symptoms of
abnormal appetite, abnormal sleep (difficulty getting to sleep, difficulty staying asleep, sleeping too much), fatigue, psycho-
motor retardation, pain (headaches, body aches, joint pain) and gastrointestinal symptoms (nausea, vomiting, bowel prob-
lems) from the NRS scale.

Data are shown as mean + SEM. *:p < .05, **:p < .01. Asterisk at the top of bar indicates significant within-group difference
vs. baseline. Brackets indicate inter-group difference for that time point.
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Table 2. Specific Neuropsychiatric and Somatic Symptoms Induced by IFN-a Therapy in Placebo (n=20) Versus Paroxetine

(n=18) Treated Patients

Placebo (n=20)

Paroxetine (n=18)

Comparison
inter-group
Baseline Week 2 Week 12 Baseline Week 2 Week 12 at week 12
Mood Symptoms
Depressive Symptoms
Depressed mood 0.40 0.85 1.55** 0.39 0.56 0.28 p<.01
Anhedonia! 0.13 0.33 0.75** 0.19 0.56 0.33 NS
Guilt 0.35 0.05* 0.10 0.22 0.17 0.11 NS
Suicidal thoughts 0.05 0.15 0.30** 0 0 0.11 NS
Anxious symptoms
Anxious mood 0.55 0.60 0.90 0.78 0.67 0.17 p<.01
Tension/irritability 0.45 0.65 0.95 0.61 0.78 0.33 NS
Fear 0.15 0 0.25 0 0.11 0 NS
Cognitive disturbances
Memory disturbances 0.10 0.05 0.70** 0.22 0.06 0.11 p<.01
Poor concentration 0.20 0.40 0.65* 0.11 0.33 0.22 p<.05
Indecisiveness 0.25 0.10 0.40 0.11 0.28 0.06 NS
Word-finding problems 0.15 0.10 0.40 0 0 0.06 NS
Confusion 0.10 0 0.40 0.06 0.06 0.11 NS
Vegetative Symptoms
Abnormal appetite 0.15 1.25% 1.10% 0.06 1.56%* 1.06** NS
Abnormal sleep? 0.60 0.58 0.73 0.33 0.52 0.33 NS
Fatigue/ loss of energy 0.75 1.45% 1.85** 0.44 1.39* 1.50** NS
Psychomotor retardation 0.40 0.75 1.10** 0.22 0.61 0.39 p<.01
Somatic symptoms
Pain® 0.38 0.83* 1.10* 0.54 0.65 0.57 p<.05
Gastrointestinal symptoms* 0.13 0.58** 0.48** 0.06 0.76** 0.17¢ NS

Depressive symptoms were assessed by the HAM-D and NRS scales, anxious symptoms using the HAM-A scale, and cognitive and neurovegeta-

tive/somatic symptoms using the NRS scale.

!Anhedonia: loss of interest in people, loss of interest in work and activities.

2Abnormal sleep: difficulty getting to sleep, difficulty staying asleep, sleeping too much.

%Pain: headaches, body aches, joint pain; *Gastrointestinal symptoms: nausea, vomiting, bowel problems.
*p<0.05 compared to baseline, **:p<<0.01 compared to baseline, *:p<0.01 compared to week 2.

significantly increased above baseline at week 8 and re-
mained elevated at week 12. Cognitive impairment in
this group was significantly increased at week 12 com-
pared with baseline. In contrast, neurovegetative and
somatic symptoms in placebo-treated patients were sig-
nificantly increased by the end of the second week of
IFN-a treatment and remained elevated until the end of
the study.

Paroxetine-treated patients displayed significantly
higher scores during IFN-a therapy only in the dimen-
sions assessing neurovegetative and somatic symptoms
compared with baseline. As observed in placebo-
treated patients, neurovegetative and somatic symp-
toms were present at the end of the second week of
IFN-a therapy. Neurovegetative symptoms remained
prominent during the duration of the study compared
with baseline, whereas somatic symptoms were re-
solved by the end of the second month of IFN-a ther-
apy in paroxetine-treated patients. At week 8, parox-
etine-treated patients displayed significantly lower
severity scores than placebo patients in the dimensions

of depression, cognition, and neurovegetative and so-
matic symptoms. These differences in scores between
placebo- vs. paroxetine-treated patients were also appar-
ent at week 12, though, differences in neurovegetative
symptoms between the groups did not attain statistical
significance. Paroxetine-treated patients also displayed
significantly lower scores than placebo patients in symp-
toms of anxiety at week 12.

As illustrated in Table 2, individual symptoms
(within each symptom dimension) that increased in pla-
cebo-treated patients during IFN-o therapy included
depressed mood, anhedonia, suicidal thoughts, mem-
ory disturbances, distractibility, anorexia, fatigue, psy-
chomotor retardation, pain (headaches, body aches,
joint pains) and gastrointestinal distress (nausea, vomit-
ing, bowel problems). Data for week 8 were similar in
each group compared with data for week 12 (data not
shown). In placebo-treated patients, anorexia, fatigue,
pain and gastrointestinal symptoms were apparent after
two weeks of IFN-a treatment and remained elevated
until the end of the study without significant worsen-



648 L. Capuron etal.

ing. In contrast, mood and cognitive symptoms and
psychomotor retardation were only apparent at week
12. Individual symptoms that increased in paroxetine-
treated patients during IFN-« therapy included anor-
exia, fatigue and gastrointestinal symptoms. Anorexia
and fatigue developed at week 2 and remained appar-
ent until the end of the study. Gastrointestinal symp-
toms were also apparent at week 2, but resolved by the
end of the study. At the end of the study, paroxetine-
treated patients displayed significantly lower scores
than placebo-treated patients in the items assessing de-
pressed mood, anxious mood, memory disturbances,
distractibility, psychomotor retardation and pain.

Symptom Frequency in Placebo-treated Patients

Table 3 depicts the frequency of symptoms of at least
moderate intensity (2 or greater on the NRS) experi-
enced by placebo-treated patients during the course of
IFN-a therapy. Among all the symptoms listed, fatigue
was the symptom most frequently experienced by pa-
tients undergoing IFN-a therapy (80%), followed re-
spectively by depressed mood (60%), pain (55%), gas-
trointestinal symptoms and tension/irritability (50%).
A moderate percentage of IFN-o—treated patients re-
ported cognitive symptoms, notably loss of concentra-
tion, which was endorsed by 30% of patients. Suicidal
thoughts and feelings of guilt were reported in only
10% of placebo-treated patients during IFN-a therapy.

Table 3. Percentage of Placebo-treated Patients Experiencing
Moderate to Severe Intensity of the Listed Symptoms during
IFN-a Therapy

Percent

Depressive Symptoms

Depressed mood 60

Anhedonia 30

Suicidal Thoughts 10

Feelings of Guilt 5
Anxious Symptoms

Tension/Irritability 50

Anxious Mood 45

Fear 15
Cognitive Symptoms

Loss of Concentration 30

Memory Disturbances 15

Word-finding Problems 15

Episodes of Confusion 10

Indecisiveness 10
Neurovegetative Symptoms

Fatigue/Loss of Energy 80

Abnormal Sleep 45

Psychomotor Retardation 40

Abnormal Appetite 35
Somatic Symptoms

Pain 55

Gastrointestinal Symptoms 50
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Symptoms Associated with IFN-a—induced
Depression in Placebo-treated Patients

As previously reported, 9/20 (45%) patients in the pla-
cebo group fulfilled DSM-IV criteria for major depres-
sion at the end of the study (Musselman et al. 2001).
Compared with their baseline scores, at week 12, these
patients displayed significantly higher scores not only
in the dimensions assessing depressive symptom sever-
ity (especially depressed mood, anhedonia and suicidal
thoughts) but also in those reflecting both cognitive dys-
function (especially memory disturbances and episodes
of confusion) and neurovegetative symptoms (anor-
exia, fatigue, and psychomotor retardation) (Table 4).
Of note, patients who developed syndromal major de-
pression during IFN-a therapy displayed higher scores
in the item assessing depressed mood after two weeks
of IFN-a therapy compared with baseline. In addition,
after two weeks of IFN-a therapy, these patients dis-
played higher scores on the items measuring anorexia,
fatigue and gastrointestinal symptoms. At the end of
the study (i.e., week 12), gastrointestinal symptoms had
returned to their baseline values. In contrast to patients
who became depressed, placebo patients who did not
satisfy criteria for major depression during IFN-a ther-
apy displayed significantly higher scores only in the
neurovegetative items evaluating anorexia and fatigue,
and somatic items measuring pain and gastrointestinal
distress at week 12 compared with baseline. In these pa-
tients, anorexia, fatigue and gastrointestinal symptoms
were also apparent at week 2. At week 12, depressed
patients displayed significantly higher scores than non-
depressed patients in the dimension of mood (espe-
cially depressed mood, anhedonia, tension and anxious
mood), cognitive function (memory disturbances, loss
of concentration and indecisiveness) and neurovegeta-
tive symptoms (especially fatigue and psychomotor re-
tardation). However, at week 12, there was no signifi-
cant difference between the two placebo subgroups in
the dimension of somatic symptoms or anorexia.

DISCUSSION

Four main findings arise from the present study. First,
the results demonstrate that IFN-a therapy is associated
with the development of a wide range of symptoms, at-
testing to the interaction of this cytokine with various
brain systems regulating mood, cognition, and neuro-
vegetative and somatic function. Second, the data indicate
that neurovegetative and somatic symptoms develop
non-specifically in a large proportion of IFN-a-treated
patients, whereas mood and cognitive effects of this cyto-
kine are more apparent in patients who develop major
depression. Third, neurovegetative and somatic symp-
toms appear early during IFN-« therapy, whereas mood
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Table 4. Neuropsychiatric and Somatic Symptoms in Non-depressed, Placebo-treated Patients (n=11) Versus Placebo-
treated Patients with Major Depression (n=9) during IFN-a Therapy
Non-depressed (n=11) Major depression (n=9)
Comparison
inter-group
Baseline Week 2 Week 12 Baseline Week 2 Week 12 at Week 12
Mood Symptoms
Depressive symptoms
Depressed mood 0.46 0.27 0.55 0.33 1.56% 278t p<.01
Anhedonia! 0 0.14 0.14* 0.28 0.56 1.50%* p<.01
Feelings of guilt 0.09 0 0 0.67 0.11* 0.22* NS
Suicidal thoughts 0.09 0.18 0.18 0 0.11 0.44* NS
Anxious symptoms
Anxious mood 0.36 0.27 0.27 0.79 1.00 1.67 p<.01
Tension/irritability 0.36 0.64 0.36 0.56 0.67 1.67 p<.01
Fear 0.09 0 0 0.22 0 0.56 NS
Cognitive disturbances
Memory disturbances 0.09 0.09 0.36 0.11 0 1.11% p<.01
Loss of concentration 0.09 0.18 0.27 0.33 0.67 1.11 p<.01
Indecisiveness 0.27 0.09 0.09 0.22 0.11 0.78 p<.01
Word—finding problems 0.09 0.09 0.09 0.22 0.11 0.78 NS
Episodes of confusion 0.18 0 0.09 0 0 0.78** NS
Neurovegetative Symptoms
Abnormal appetite 0.18 1.18* 1.09** 0.11 1.33** 1.11% NS
Abnormal sleep? 0.73 0.49 0.46 0.44 0.70 1.07 NS
Fatigue/ loss of energy 0.73 1.36* 1.36% 0.78 1.56* 2.44** p<.05
Psychomotor retardation 0.55 0.64 0.73 0.22 0.89 1.56** p<.01
Somatic Symptoms
Pain® 0.39 0.79 1.15* 0.37 0.89 1.04 NS
Gastrointestinal symptoms* 0.12 0.39* 0.39* 0.15 0.82** 0.59 NS

Only patients from the placebo group were considered in this analysis. The depressive symptoms were assessed by the HAM-D and NRS scales,
the anxious symptoms using the HAM-A scale, and cognitive and neurovegetative/somatic symptoms using the NRS scale.

!Anhedonia: loss of interest in people, loss of interest in work and activities.

2Abnormal sleep: difficulty getting to sleep, difficulty staying asleep, sleeping too much.

SPain: headaches, body aches, joint pain.
4Gastrointestinal symptoms: nausea, vomiting, bowel problems.

*p < .05 compared to baseline, **p < .01 compared to baseline, fp < .01 compared to week 2

and cognitive symptoms develop later. Finally, pretreat-
ment with paroxetine is effective in preventing IFN-o—
induced mood and cognitive symptoms as well as pain;
however, the neurovegetative symptoms of anorexia
and fatigue are less treatment responsive.

The development of neurotoxic effects in patients
undergoing cytokine therapy has been demonstrated in
previous reports (Valentine et al. 1998; Capuron et al.
2000). Nevertheless, based on a longitudinal design and
dimensional analyses, results of the present study re-
veal distinguishing characteristics of IFN-a—induced
behavioral symptoms. Neurovegetative and somatic
symptoms developed early during the course of IFN-a
therapy and remained apparent at later stages of ther-
apy. In contrast, mood symptoms, especially depressed
mood, and cognitive dysfunction (e.g. memory distur-
bances and distractibility) were minimal in severity at
the end of the second week of IFN-a treatment and
were most apparent later in the treatment period (week
8-12). In addition, mood and cognitive symptoms de-
veloped primarily in patients who developed major de-

pression during the course of IFN-a therapy, whereas
neurovegetative and somatic symptoms increased in
both depressed and non-depressed subjects. The disso-
ciation in terms of the temporal course of mood/cogni-
tive versus neurovegetative/somatic symptoms sug-
gests distinct pathophysiological mechanisms by which
IFN-a affects brain systems regulating mood and cogni-
tion, and neurovegetative and somatic function. Consis-
tent with this hypothesis is the distinction noted be-
tween these symptom dimensions regarding their
responsiveness to paroxetine. Paroxetine prevented not
only the development of mood symptoms during IFN-a
administration, but also the appearance of cognitive
dysfunction. In contrast, paroxetine had less effect on
the development of the neurovegetative symptoms of
anorexia and fatigue. Somatic symptoms (gastrointesti-
nal distress and pain) also did not respond to parox-
etine during the earlier stage of IFN-a therapy but were
responsive at the end of the study. Dimensional analy-
sis revealed that the effect of paroxetine on somatic
symptoms was especially apparent with headaches and
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myalgia. Of note, paroxetine has been previously
shown to improve chronic daily headaches (Foster and
Bafaloukos 1994). These therapeutic effects of parox-
etine may be related to the effects of antidepressants,
including serotonin reuptake inhibitors, on pain and
nociception (Schreiber et al. 1996; Barkin and Fawcett
2000; Lynch 2001).

Consistent with the effects of IFN-a on humans,
acute injections of cytokines or cytokine inducers (e.g.,
lipopolysaccharide, LPS) to laboratory animals have
been associated with a large and complex set of behav-
ioral alterations referred to as “sickness behavior”
(Dantzer et al. 1998; Yirmiya 1996). These behavioral
changes resemble those observed in major depression
and include decreased food consumption, reduced lo-
comotor activity, anhedonia (as determined by de-
creased preference/consumption of sweetened liquids
and reduced responsiveness in intracranial self stimula-
tion paradigms), listlessness, social isolation, decreased
libido, altered sleep patterns, hyperalgesia and cogni-
tive dysfunction. Of note, all of these symptoms in labo-
ratory animals develop relatively rapidly (within hours
to days) after cytokine administration, depending on
the cytokine administered, the route of administration
(e.g., subcutaneous, intraperitoneal or intracerebraoven-
tricular) and the duration of treatment (Kent et al. 1996;
Dantzer et al. 1998; Lacosta et al. 1999). In addition, the
majority of these symptoms, including decreased food
consumption and decreased locomotor activity, can be
prevented by pretreatment with antidepressants, in-
cluding tricyclic antidepressants, SSRIs, and atypical
antidepressants such as tianeptine (Castanon et al. 2001;
Yirmiya et al. 2001) (although SSRIs have been found to
exert a somewhat more variable and in some cases
more limited effect on sickness behavior (Shen et al.
1999; Yirmiya et al. 2001)). In contrast to these studies in
laboratory animals, our data in patients receiving IFN-a
reveals a more complex behavioral response to cytokine
administration with distinct temporal onset of qualita-
tively different symptom complexes with differential
response to antidepressant administration. Neverthe-
less, differences between laboratory animal studies and
our results may relate to the dose of cytokine used, the
length of cytokine administration, and/or the nervous
system response to IFN-a versus proinflammatory cy-
tokines (e.g. TNF-o, IL-1 and IL-6) or LPS, more com-
monly used in animal studies.

There are many pathways by which IFN-a may
cause neuropsychiatric complications including the in-
duction of proinflammatory cytokines (Kent et al. 1992;
Taylor and Grossberg 1998; Licinio et al. 1998), deple-
tion of tryptophan (Brown et al. 1991), activation of the
hypothalamic-pituitary adrenal (HPA) axis, presum-
ably through stimulation of corticotropin releasing fac-
tor (CRF) release (Gisslinger et al. 1993), and reduction
in the availability of thyroid hormone (Schultz et al.
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1989; Fentiman et al. 1985). Given the noted differences
in the appearance and treatment responsiveness of cer-
tain IFN-o—induced symptoms, it is reasonable to spec-
ulate that different pathways may mediate different
symptom complexes during IFN-a treatment. Thus,
while mood and cognitive symptoms appear to be me-
diated by pathways responsive to paroxetine, anorexia
and fatigue appear to be mediated by separate path-
way(s) that may respond to alternative interventions such
as administration of cytokine receptor antagonists. Inter-
estingly, similar to the findings reported here, the fatigue
of patients diagnosed with chronic fatigue syndrome has
been reported to be unresponsive to antidepressant
treatment (Vercoulen et al. 1996). Other symptoms as-
sociated with chronic fatigue syndrome, including de-
pression, insomnia and pain, appear to be more sensi-
tive to antidepressant treatment (Wearden et al. 1998;
Goodnick and Jorge 1999). In a related fashion, a recent
study by Morrow et al. (2001) found that paroxetine sig-
nificantly reduced depression but had no effect on fa-
tigue in a double-blind randomized study of 738 cancer
patients undergoing chemotherapy. In the present
study, fatigue was the symptom most frequently re-
ported by the placebo-treated patients undergoing IFN-
a therapy, and like anorexia was relatively unrespon-
sive to paroxetine treatment. Interestingly, fatigue and
anorexia are common complications of a number of
medical disorders. In fact, the symptoms of both fatigue
and anorexia have been excluded from the diagnostic
criteria for depression in the medically ill by some phy-
sicians, indicating their recognition that these symp-
toms reflect a “medical” pathology distinct from the
pathophysiology of depression (Koenig et al. 1997). Of
note, the existence of a fatigue syndrome separate from
depressive symptoms has been documented in patients
suffering from glandular fever and upper respiratory
tract infections (White et al. 1995).

The mechanism(s) whereby paroxetine reduces IFN-
a—induced mood and cognitive symptoms, psychomo-
tor retardation and pain remain(s) to be determined.
One possibility is that antidepressants like paroxetine
may facilitate endogenous feedback pathways that reg-
ulate proinflammatory cytokines. The effects of TNF-a,
IL-1 and IL-6 are downregulated by endogenous gluco-
corticoids (Auphan et al. 1995), and antidepressants
have been shown to facilitate inhibitory feedback on cy-
tokine secretion by endogenous glucocorticoids (Pari-
ante and Miller 2001; Holsboer and Barden 1996). In ad-
dition, studies have shown that antidepressants may
directly inhibit the release of proinflammatory cyto-
kines (Maes et al. 1999). Antidepressants like paroxetine
also enhance central nervous system serotonergic activ-
ity and thereby may counteract IFN-a—induced deple-
tion of serotonin precursors (i.e. tryptophan) (Brown et
al. 1991; Chaput et al. 1991). Finally, several antidepres-
sants including paroxetine have been shown to reduce
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hypothalamic CRF mRNA expression and CRF biosyn-
thesis (Holsboer and Barden 1996).

In summary, dimensional analyses reveal differen-
tial effects of IFN-o on mood, cognition and neurovege-
tative/somatic function in terms of symptom phenome-
nology, time course, and responsiveness to paroxetine.
These differential effects suggest that different psycho-
biological mechanisms are responsible for the appear-
ance of qualitatively distinct manifestations of mood
and neurovegetative dysfunction following cytokine
administration.
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