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Interleukin (IL)-2, a T-cell cytokine used to treat malignant melanoma, can induce profound depression. To determine whether

pretreatment with the antidepressant escitalopram could reduce IL-2-induced neuroendocrine, immune, and neurobehavioral changes,

20 patients with Stage IV melanoma were randomized to either placebo or the serotonin reuptake inhibitor, escitalopram (ESC)

10–20 mg/day, 2 weeks before, and during IL-2 treatment (720 000 units/kg Q8 h� 5 days (1 cycle) every 3 weeks� 4 cycles).

Generalized estimation equations were used to examine HPA axis activity (plasma ACTH and cortisol), immune activation (plasma IL-6),

and depressive symptoms (Hamilton Depression Rating Scale (HDRS) score). Tolerance of IL-2 treatment (concomitant medications

required) and adherence (number of IL-2 doses received) were also assessed. Both the groups (ESC (n¼ 9), placebo (n¼ 11)) exhibited

significant IL-2-induced increases in plasma cortisol, IL-6, and depressive symptoms (po0.05), as well as a temporal trend for increases in

plasma ACTH (p¼ 0.054); the effects of age and treatment were not significant. Higher plasma ACTH concentrations were associated

with higher depressive symptoms during cycles 1–3 of IL-2 therapy (po0.01). Although ESC had no significant effects on ACTH, cortisol,

IL-6, tolerance of, or adherence to IL-2, ESC treatment was associated with lower depressive symptoms, ie, a maximal difference of B3

points on the HDRS, which, though not statistically significant (in part, due to small sample size), represents a clinically significant

difference according to the National Institute for Health and Clinical Excellence guidelines. A larger sample size will establish whether

antidepressant pretreatment can prevent IL-2-induced neurobehavioral changes.
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INTRODUCTION

Patients treated with the innate immune cytokine interferon
(IFN)-alpha suffer from marked neurobehavioral symptoms,
such as depression, insomnia, and fatigue, which, in turn,
contribute to reduced quality of life and decreased treatment
adherence (Musselman et al, 2001). Patients administered
the T-cell cytokine, interleukin (IL)-2, also exhibit marked
behavioral alterations, including symptoms of depressed
mood, anhedonia, fatigue, cognitive dysfunction, sleep
impairment and, in some cases, psychosis and delirium
(Nicolsen et al, 2006). The pathophysiology and treatment of
these IL-2-induced neuropsychiatric symptoms have not

been determined. In a previous study, we demonstrated that
pretreatment with the serotonin reuptake inhibitor parox-
etine was an effective strategy for minimizing depression
induced by IFN-alpha in patients with malignant melanoma
(Musselman et al, 2001). In this study, we used a similar
double-blind, randomized, placebo-controlled design to
determine whether the serotonin reuptake inhibitor escita-
lopram (ESC) would reduce the severity of neuropsychiatric
symptoms during 12 weeks of intravenous (IV) IL-2 therapy
in patients with malignant melanoma. In addition, we
examined the impact of IL-2 and ESC on the activation of
pathways related to: (a) the hypothalamic–pituitary–adre-
nocortical (HPA) system, ie by measuring the HPA axis
hormones, ACTH and cortisol, and (b) the immune system,
ie by measuring the cytokine IL-6. Lastly, we wished to
determine whether ESC pretreatment reduced concomitant
medications utilized by patients and increased adherence
(number of IL-2 IV doses). ESC was chosen because of its
ease of administration (once-daily dosing), absence of active
metabolites, and favorable side-effect profile.
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MATERIALS AND METHODS

Patients

Sixty-seven patients referred with Stage III or Stage IV
unresectable malignant melanoma were recruited and
screened at the Winship Cancer Institute of Emory
University School of Medicine between May 2005 and May
2010. Inclusion criteria for IL-2 therapy included those
patients with ECOG performance status of 0 (fully active) or
1 (restricted in physically strenuous activity but ambulatory
and able to carry out work of a light or sedentary nature), a
normal cardiac stress test, and a FEV1 470% of predicted.
Study participants were also without infection, diabetes
(type 1 or type 2), or major cardiac, pulmonary, or renal
disease. Criteria for exclusion also included a score of o24
on the Mini-Mental State Examination (Folstein et al, 1975);
current, effective treatment of depression with an anti-
depressant; 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) (First et al, 1998); or unstable
endocrine, hematological, hepatic, or neurological disease.
The Emory University School of Medicine Institutional
Review Board approved the study, and all patients gave
written informed consent. Twenty-four patients fulfilled the
criteria for eligibility, were randomized to study medication,
and received IL-2 therapy (Figure 1).

Treatment and Follow-Up

Patients completed a screening visit (which occurred 1–2
weeks before IL-2 administration), and were randomly
assigned in a double-blind fashion to begin 14 weeks of
either ESC (Lexapro, Forest Pharmaceuticals, New York
City, NY, USA) or placebo. They commenced treatment

with study medication by ingesting one capsule of either
ESC (10 mg) or placebo once per day. After 7 days, the dose
was raised to two capsules daily as tolerated. Study
participants were then re-evaluated 2 weeks after the
screening evaluation and started on IL-2 therapy.

Patients received a 12-week treatment with IV IL-2
[720 000 units/kg Q8 h� 5 days (1 cycle) every 3 weeks� 4
cycles)]. They also received routine, algorithm-guided,
symptomatic treatment of IL-2-induced symptoms;
concomitant medications included temazepam or zolpidem
for insomnia; lorazepam, prochlorperazine, granisetron,
and ondansetron for nausea; and narcotics for pain.
Psychotropic medications such as antidepressants or
antipsychotics were not allowed during treatment.

Study participants were evaluated at screening and during
days 1–3 of each cycle of IL-2 treatment, and 4 weeks after
their last cycle of IL-2 treatment. Assessments included the
21-item, observer-rated Hamilton Depression Rating Scale
(HDRS; Hamilton, 1960), which quantifies the severity of
depressive symptoms, including depressed mood, loss of
interest in usually pleasurable activities, insomnia, anorexia,
fatigue, weight loss, and psychomotor retardation or
agitation. A score of 0–6 on the HDRS indicates a normal
state; a score of 7–17 indicates mild depression; a score of
18–24 indicates moderate depression; and a score of X25
indicates severe depression (Schutte and Malouff, 1995). At
each study visit, a psychiatrist determined whether the
patient fulfilled DSM-IV criteria for major depression,
which requires the presence and persistence for at least
2 weeks of a specified set of depressive symptoms
(American Psychiatric Association, 1994). During the study,
one or two capsules of study medication could be ingested
per day based on depressive symptoms and tolerance. Study
participants received study medication for 14 weeks in
duration unless they dropped out or were terminated.

Made appointment to Consent 
(n=26)

Did not 
show (n=2)

Screened and Randomized*
(n=24)

Randomized

IL-2 Treatment
(n=20)

Analysis

Follow-upReceived all 4 cycles of IL-
2 on current study**

(n=4)

Allocated to Escitalopram
(n=12)

Allocated to Placebo
(n=12)

Received IL-2 Treatment 
on current study and used 

for analysis (n=11)

Received IL-2 Treatment 
on current study and used 

for analysis (n=9)

Analyzed (n=11) Analyzed (n=9)

Received all 4 cycles of IL-
2 on current study***

(n=3)

*Informed consent required
**Three patients removed themselves from IL-2 
treatment because of intolerable side effects; the other 
patients were discontinued by study physician due to 
progression of disease or adverse event. 

***Patients were discontinued
by study physician due to progression 

of disease or adverse event. 

Figure 1 Flow diagram of the study.
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Laboratory Assays

At the screening assessment, blood samples were drawn
for ACTH, cortisol, and IL-6. On the first day of each IL-2
cycle, blood samples were drawn just before the first dose of
IL-2 (0600 hours) and again at 0900 hours. Additional
blood samples were drawn at 0900 hours on days 2 and 3 of
each IL-2 cycle. These sampling time points remained
constant, even if doses of IL-2 were held (Capuron et al,
2000, 2001). Blood was collected in EDTA tubes, placed
immediately on ice, and centrifuged at 4 1C for 10 min at
3000 r.p.m. Plasma was separated, coded, and stored at
80 1C until assayed.

Plasma concentrations of ACTH and cortisol were
measured by radioimmunoassay according to the manu-
facture’s protocol (Nichols Institute, San Juan Capistrano,
California and ICN Biomedicals, respectively). Plasma
cytokine levels for IL-6 were determined using sandwich
ELISA according to the manufacturer’s protocol (R & D
Systems). Samples were assayed in duplicate, by laboratory
personnel blinded to randomization. Quality control sera of
low, medium, and high cytokine concentrations were
included with every assay. The mean inter- and intra-assay
coefficients of variation for control sera were reliably
p10%. For ACTH, the limit of quantification (LOQ) was
1.0 pg/ml, and for cortisol, the LOQ was 0.4 mg/dl. The mean
minimum detectable dose (MDD) of the Il-6 immunoassay
was 0.039 pg/ml. None of the samples had values below the
LOQ or MDD.

Statistical Analyses

Wilcoxon’s rank sum tests and signed-rank tests were used
to perform comparisons between two independent samples
and paired samples, respectively. McNemar’s test was used
to compare paired binary data. Generalized Estimating
Equations (GEE) with the AR(1) correlation structure
were used to analyze repeated-measures data. For subjects
who dropped out of the study, the approach of the last
observation carried forward (LOCF) was applied (Shao and
Zhang, 2003). Mixed models were also used to confirm the
results, when indicated. Two outcome variables were used
for each neurobiological (ie, ACTH, cortisol, IL-6) or
depression (ie, the HAM-D) variable, that is, the maximum
value of the variable and the change in the variable relative
to baseline at each IL-2 treatment cycle. Both outcomes for
each variable were treated as continuous. Of note is that,
within each cycle, the neurobiological variable or HAM-D
score was measured for each of 3 days, and the maximum
value over the 3 days was used. Time points were specified
as Screening (1–2 weeks before Il-2 administration), and
Cycles 1, 2, 3, and 4 (occurring at the initiation of IL-2
therapy, and then approximately 4, 7, and 10 weeks after the
first cycle of IL-2). Age was included in the regression
models as a potential confounder; gender was not included
in the models, due to the small percentage of female study
participants. For the percentage of patients using a class of
medication during a cycle or per day, the outcome variable
was treated as binary (ie, whether a subject used a
medication within a given day or cycle), and GEE models
for binary outcomes was applied.

RESULTS

Socio-Demographic Characteristics of the Study Sample

The characteristics of the 11 patients in the placebo-treated
group and the 9 patients in the ESC-treated group were
similar in terms of age, sex distribution, and proportions
with previous antineoplastic treatments (Table 1).

Dropout

After the screening visit (Figure 1), of 24 patients, 4 study
participants could not proceed to IL-2 therapy: 2 study
subjects (1 randomized to placebo; 1 randomized to ESC)
developed brain metastases, another patient (randomized to
ESC) developed a small bowel intussuseption attributed to
progression of melanoma; another study subject (rando-
mized to ESC) fulfilled diagnostic criteria for major
depression and was excluded from participating in the
study. The other 20 patients received at least one dose of IL-
2 therapy and were therefore considered in the statistical
analyses. The attrition of the 20 IL-2-treated patients is as
follows: 3 patients after 1 cycle of IL-2 therapy,
6 patients after 2 cycles of IL-2 therapy, 4 patients after
3 cycles of IL-2 therapy; 7 patients completed all 4 cycles of
IL-2 therapy. The reasons for dropout after initiation of IL-2
therapy were: patient’s choice (n¼ 3 participants rando-
mized to placebo), development of major depression (n¼ 1
randomized to placebo), development of brain metastases
and/or other progression of metastatic melanoma (n¼ 3
randomized to placebo; n¼ 5 randomized to ESC), and
adverse cardiac effects associated with IL-2 administration
(n¼ 1 randomized to ESC). Thus, the dropout of study
subjects resulted in 64% (7/11) and 67% (6/9) of the
placebo-treated group and ESC-treated group, respectively,
by the end of the study (p¼ 0.63).

Neuroendocrine and Immune System Response in
Placebo- and ESC-Treated Patients Receiving IL-2
Therapy

Mean ACTH plasma concentrations increased reaching a
maximum for patients in the ESC-treated group by Cycle 2

Table 1 Characteristics of Patients with Malignant Melanoma at
the Screening Visit

Characteristic Placebo
(n¼11)

Escitalopram
(n¼9)

p-value

Age (year)

Min±SD 45±16 51±8 0.16

MIN, MAX, Range 20, 68, 48 37, 62, 25

Sex

Male 8 (73%) 7 (78%) 1.00

Female 3 (27%) 2 (22%)

Previous brain radiosurgery 2 (18%) 3 (33%) 0.62

Previous IFN-a therapy 4 (36%) 4 (44%) 1.00

Previous surgical removal 10 (91%) 8 (89%) 1.00

Previous chemotherapy 0 (0%) 2 (22%) 0.19
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and in the placebo-treated group by Cycle 3 (Figure 2;
temporal trend, p¼ 0.054). Both the groups exhibited
significant IL-2-induced increases from screening to each
cycle visit in plasma cortisol, and IL-6, with the greatest
increases being observed in placebo- and ESC-treated
groups at Cycle 3 (Figures 3 and 4); the effects of age and
treatment were not significant. Although there was a drop of
80 pg of IL-6 in ESC-treated patients at Cycle 2, this was not
significant (p¼ 0.14), and is likely a spurious finding in this
small sample. There were no significant differences in mean
ACTH, cortisol, and IL-6 between the groups at any time
point.

Multiple regression models were used to determine
the relationship between the biomarkers and changes in
HAM-D scores over the course of the study. Of note is that
the increases in plasma ACTH concentrations across time
were significantly associated with increases of the HAM-D
scores in the ESC-treated group (po0.01). There was
significant interaction of plasma ACTH concentrations
and treatment assignment (po0.01). No relationships were
found between IL-6 or cortisol and HAM-D score in either
group or the study population as a whole.

Concomitant Medications Utilized and the Number of
IL-2 Doses Tolerated

The need/usage of four classes of ‘‘as needed’’ or ‘‘PRN’’
medications over time was compared between the two
treatment groups (ESC vs placebo) using either the daily
value or the maximum value within each cycle (Figure 5).
For the anti-emetics, narcotic/opioid analgesics, and
sedative/hypnotic agents, the probability of utilizing
these PRN medications significantly decreased over time
(po0.01; data for anti-emetics and tranquilizer medications
not shown). For the benzodiazapines, placebo-treated
study participants used significantly less PRN benzo-
diazepines (p¼ 0.003), while ESC-treated patients did not
significantly decrease their use of PRN benzodiazepines
(p¼ 0.7). Nevertheless, the differences in the use of

these four classes of medications between the placebo-
and ESC-treated groups were not statistically significant at
any cycle.

After completion of Cycle 2, patients underwent cancer
re-staging, per usual clinical protocol. Those without
progression of their melanoma (four of the study partici-
pants treated with ESC vs seven of those treated with
placebo) were allowed to proceed to Cycle 3. There was no
significant difference between the groups in the average
number of IL-2 doses tolerated (out of the possible 60 total
doses): 18 doses (ESC-treated) vs 20 doses (placebo-
treated).

Depressive Symptoms in Placebo- and ESC-Treated
Patients

The mean HAM-D score significantly increased in both the
groups with each cycle, reaching a maximum at Cycle 3,

Data are shown as mean + SEM. *: p < .05, **:p < .01 compared to the respective
baseline value (within-group difference vs. baseline).  
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then decreasing by Cycle 4 (Figure 6). Using LOCF, the
mean HAM-D score significantly increased over time
(p¼ 0.01). The mean HAM-D scores increased in the
placebo-treated group from 6.5 at screening to a mean
maximum of 16.6 (Cycle 3), or an increase of approximately
10 HAM-D points, over the course of IL-2 treatment
compared with an increase of approximately 7 points for
ESC-treated patients. The HAM-D scores for patients in the
placebo-treated group were always higher than those for
patients in the ESC group; however, ESC treatment did not
have a statistically significant effect on HAM-D score,
before and after adjustment by age. Benzodiazepine use by
either treatment group had no significant effect on HAM-D
scores (p¼ 0.28).

DISCUSSION

There were four main findings of the present study. First, in
response to IL-2 administration, over time, there appears to
be an enhancement of ACTH response. This increasing
ACTH secretion is congruent with previous preclinical and
clinical studies showing that IL-2 administration is asso-
ciated with activation of stress-responsive neuroendocrine
pathways [corticotropin releasing hormone (CRH) and HPA
axis] (Butler et al, 1989; Denicoff et al, 1987; Hanisch et al,
1994; Karanth and McCann, 1991; Katahira et al, 1998; Raab
et al, 1999; Raber et al, 1995; Spina et al, 1994). We
postulate that this enhanced ACTH response may be related
to IL-2-induced dysregulation of glucocorticoid receptor
function at the level of the pituitary, hypothalamus, and/or
hippocampus (Raison and Miller, 2003a) and possibly due
to interactions between glucocorticoid receptors and innate
immune signaling pathways and/or activation of T-cell
responses involving DNA binding of nuclear factor of
activated T cells and activation protein-1. Relevant in this
regard is that a number of studies have demonstrated that
IL-2 has a profound negative effect on glucocorticoid
receptor function (through activation of p38 mitogen-
activated kinase and STAT 5 signaling) that is believed to
contribute to steroid resistance in patients with asthma and
other inflammatory disorders (Goleva et al, 2002; Irusen

et al, 2002). Of note is that this is the only clinical study to
confirm that chronic IL-2 administration results in persis-
tent elevations in cortisol (Bindon et al, 1983; Chambrier
et al, 1990; Spinazzé et al, 1991; Witzke et al, 2003).

Second, we noted a difference between the groups in
terms of the cycle when ACTH plasma concentrations
reached maximum: at Cycle 2 in ESC-treated patients
(which was after 6 weeks of ESC treatment), compared with
Cycle 3 in placebo-treated patients. After Cycle 2, ESC may
have improved sensitivity to glucocorticoid receptor
sensitivity and/or decreased CRH activity as reflected by
the earlier decrease in ACTH plasma concentrations in ESC-
treated individuals (Pariante and Miller, 2001). Though
others have shown that antidepressants may decrease the
production of proinflammatory cytokines (Pariante and
Miller, 2001), patients receiving ESC or placebo exhibited
similar secretion of cortisol from the adrenal cortex and
IL-6 release into plasma from T-cells, macrophages, and
other cell types. The similar plasma concentrations of
cortisol between the two groups, despite the lower ACTH
secretion in ESC-treated patients, may have been due to
vasopressin stimulation after its release from hypothalamus

Data are shown as mean + SEM. *: p < 0.05, **:p < 0.01 compared to the respective
baseline value (within-group difference vs. baseline).  
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and amygdala in response to IL-2 (Perraudin et al, 1993;
Hillhouse, 1994; Raber and Bloom, 1994). The similar
increases in IL-6 over time in both the treatment groups
may also represent a more generalized immune response.
Indeed, the equivalent initial IL-6 responses to IL-2 in both
the groups support this notion (Capuron et al, 2003).
Interestingly, over time, patients in both the groups
requested less ‘as needed’ medications, despite the marked
systemic toxicities of IL-2, including capillary leak syn-
drome, which results in uncomfortable peripheral edema
and weight gain (commonly between 5 and 10 kg per
5-day cycle), hypotension, and often renal insufficiency
(Rosenberg et al, 1989). The decrement in use of ‘as needed’
medications may have been due to the fact that patients
intolerant of IL-2 toxicities had discontinued their IL-2
treatment or their knowledge of the transient nature of such
symptoms, which generally reverse relatively quickly after
the end of each IL-2 cycle (Rosenberg et al, 1989). Of note is
that in the peripheral nervous system, through its binding
to opioid m-receptors, IL-2 may decrease pain (Jiang and Lu,
1998; Song et al, 2002), which may have also contributed to
our study participants’ decreasing use of opioid medica-
tions.

Third, irrespective of pretreatment with ESC or placebo,
study participants exhibited significant IL-2-induced in-
creases in depressive symptoms (p¼ 0.02). Using either a
LOCF or mixed model method, similar effects were found.
As discussed above, activation of stress-responsive neu-
roendocrine pathways (CRH and HPA) likely contributed,
given that ACTH plasma concentrations had a significant
association with magnitude of HAM-D score. The release of
proinflammatory cytokines implicated in mood regulation,
including IL-6 and TNF-alpha (Butler et al, 1989; Raab et al,
1999; Saraya and Balkwill, 1993), during IL-2 therapy likely
also contributed to the induction of depressive symptoms.
Alterations in metabolism of certain monoamines
(eg, serotonin, dopamine, acetylcholine) or receptor func-
tion (eg, NMDA) might also have been plausibly involved in
IL-2’s induction of depressive symptoms (Anisman and
Merali, 1999; Lacosta et al, 2000). Indeed, repeated
administration of IL-2 to mice (0.55–17.6� 103 IU per
mouse) has been found to increase the turnover of NE
within the median eminence and hippocampus, alter 5HT
levels in the hippocampus and prefrontal cortex, and reduce
DA turnover in the caudate and substantia nigra (Lacosta
et al, 2000), brain regions involved in symptoms relevant to
depression. Moreover, IL-2 activates the indolamine 2,3
dioxygenase metabolic pathway that diminishes the avail-
ability of serotonin and increases kynurenine and its
neuroactive metabolites kynurenic acid and quinolinic acid,
the latter of which has been implicated in the development
of depressive symptoms during IFN-alpha administration
(Carlin et al, 1987; Raison et al, 2010).

Relevant in this regard is that, to our knowledge, only
Capuron et al (2000) have utilized psychometric rating
scales to characterize changes in mood induced by IL-2.
They administered the clinician-administered Montgomery
Asberg Depression Rating Scale (MADRS; Montgomery and
Asberg, 1979) to a group of 20 patients during their first
5 days of daily 18 million IU of subcutaneously adminis-
tered IL-2 for renal cell carcinoma (Sleijfer et al, 1992).
Within 3 days of initiating IL-2 therapy, significant

increases in depressive symptoms were apparent. By day 5
of treatment, their average MADRS score had significantly
increased to an average of 11, indicating mild depressive
symptoms. In this study, depressive symptoms of ESC- and
placebo-treated patients reached a magnitude of mild
severity (ie, a mean HAM-D score of 14.6 and 16.6 during
Cycle 3, respectively), and only one of the study participants
(treated with placebo) eventually fulfilled DSM-IV criteria
for major depression. By contrast, during 12 weeks of
high-dose IV treatment with the innate immune system
cytokine, IFN-alpha, 45% of placebo-treated study partici-
pants developed an episode of major depressive disorder
(Musselman et al, 2001).

The induction of mild depressive symptoms in our study
population, similar to Capuron et al (2000), despite a
markedly greater dose of IL-2 administered by IV, might
have been due to the ‘rest periods’ between the IL-2 cycles,
thereby allowing for the resolution of neuropsychiatric side
effects during the 3 weeks between each IL-2 cycle (Denicoff
et al, 1987). Another possible contributing factor to the low
incidence of major depression of our study patients was the
exclusion of antidepressant-treated patients, who plausibly
may be more susceptible to suffering IL-2-induced major
depression. Also at issue was the potential effect of the
drugs that were used to alleviate symptoms of the IL-2
treatment, and how these might have impacted the
induction of neuropsychiatric symptoms. Administration
of such medications, including temazepam for insomnia,
lorazepam for nausea, and meperidine for rigors, was
therefore analyzed as one of our study’s outcomes.

We offer that the major reason for the lack of statistical
significance between the two treatment groups with regard
to HAM-D scores and dropout is that the study was
underpowered. However, another possibility is that our
hypothesis that the SSRI ESC would prevent IL-2-induced
depressive symptoms and nonadherence was wrong, and
thus was not supported by our study. Nevertheless, though
the differences between the groups was not statistically
significant, ESC-treated patients exhibited lower depressive
symptoms (maximal difference of B3 points on the HDRS)
than placebo-treated patients. Of note is that a 2–3-point
average difference between the groups can translate to
differences of 20–30% in terms of response and remission
rates of depression, thus representing a clinically significant
difference according to the National Institute for Health and
Clinical Excellence guidelines (NICE, 2004; Gibbons et al,
2012). Moreover, the patients were not depressed at
baseline, and given the typical 3–4 week onset of
antidepressant effects of SSRIs, the modest drug–placebo
difference might have been due to delayed onset of action
by ESC. This would be consistent with Figure 6, in that the
difference between drug and placebo on HAM-D scores
began in Cycle 2. Interestingly, by Cycle 2, decrements in
ACTH production were observed only in patients rando-
mized to ESC (which was their sixth week of antidepressant
therapy), congruent with other studies documenting that
antidepressants can reduce elevated CRH activity (Pariante
and Miller, 2001; Raison and Miller, 2003b).

Admittedly, recruitment of a control population would
have been desirable; however, recruiting a comparable group
of individuals with an equally life-threatening disease who
chose not to proceed with IL-2 therapy would have been very
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difficult. Moreover, such a control population might
plausibly have consisted of those with personality variables
qualitatively different from patients who opt for more
aggressive treatment strategies. As IL-2 causes sufficiently
different changes in neurobehavioral symptoms/neuro-
immune physiology (over baseline), based on available data,
we offer that the changes we observed cannot be confused
with the natural fluctuations in these parameters over time
(as would been assessed in a control population).

CONCLUSION

In order to develop new strategies to help diagnose and
manage depression in the medically ill study, model systems
are needed to study the neurobiology and treatment of
cytokine-induced depression. This study demonstrates that
patients receiving the T-cell cytokine IL-2 experienced
increased depressive symptoms, associated with IL-2’s
potent and chronic activation of the HPA axis and release
of IL-6, a cytokine implicated in mood disorders. By
contrast, in the IFN-alpha model of innate immune-induced
depression, preclinical and clinical studies reveal that IFN-
alpha is associated with an initial increase in plasma ACTH,
cortisol, and IL-6 concentrations, which subsequently
diminish with ongoing IFN-alpha treatment (Capuron
et al, 2003; Felger et al, 2007). This study is also is the first,
randomized, placebo-controlled trial examining the efficacy
of an antidepressant in ameliorating the depressive symp-
toms experienced by patients undergoing IL-2 therapy.
Certainly, a larger sample size is needed to establish whether
antidepressant pretreatment can prevent IL-2-induced be-
havioral changes. In future studies, specific neuropsychiatric
symptoms (including memory impairment and psychosis)
can be more closely correlated with HPA axis and immune
function both before and during IL-2 therapy. These studies
will provide insights into differential mechanisms of
symptom development and stimulate informed intervention
strategies to ameliorate development of debilitating neuro-
behavioral syndromes during cytokine therapies.
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