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Trials with interferon-alpha (IFN-�) have pro-
vided contradictory findings regarding the pres-
ence of cognitive side effects. The development of
depression in some patients also raises questions
about whether cognitive dysfunction might be sec-
ondary to an organic, interferon-induced mood
disorder. Thirty patients with chronic myeloge-
nous leukemia were examined before and during
treatment with IFN-� alone or IFN-� and chemo-
therapy. Increased depressive symptoms and de-
clines in information processing and executive
functions were observed, but depression alone
could not account for cognitive dysfunction. There
was some evidence suggesting that exposure to
chemotherapy and higher cumulative IFN-� dose
may contribute to cognitive impairment.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2004; 16:185–191)

Clinical trials have identified several side effects of
interferon-alpha (IFN-�) therapy, including flu-like

symptoms and depression.1,2 Some investigators have
described cognitive symptoms3 such as impairments in
memory and executive functions, while others have
found no evidence of cognitive decline.4 Differences in
assessment techniques, treatment variables, and risk fac-
tors associated with different patient populations may
have contributed to these discrepant findings.
Risk factors for cognitive dysfunction and depression

during IFN-� treatment may include older age, higher
doses, longer treatment duration, and the presence of a
neurological or psychiatric disorder prior to starting
IFN-�.5,6 For example, preexisting affective symptoms
may be a risk factor for the development of depression
during IFN-� therapy. One study7 found that pretreat-
ment scores on the Montgomery-Åsberg Depression
Rating Scale predicted the intensity of depressive
symptoms after 4 weeks of IFN-�. Other studies have
used the MMPI to identify patients at risk for the de-
velopment of depression during IFN-� treatment for
hepatitis C.8

The relationship between depressive and cognitive
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side effects is not well understood. Depression can pro-
duce impairments in attention and other cognitive
skills,9 and an organic, interferon-induced depression
may be responsible for the cognitive dysfunction. An-
other possibility is that depressive and cognitive symp-
toms may be independent and reflect separate physio-
logical mechanisms. A study examining cognition and
depression during IFN-� therapy may thus provide
valuable information about the nature of the cognitive
impairment.
The current study is one of only a few that utilizes a

prospective research design to examine the cognitive
and depressive side effects of IFN-�. The primary goal
was to document any declines in cognitive function and
examine the role of demographic and treatment vari-
ables that might act as risk factors. A second set of ob-
jectives addressed the depressive symptoms of IFN-�
neurotoxicity, including their relationship to suspected
risk factors, somatic symptoms, and cognitive impair-
ment.

METHOD

Subjects
Thirty adults with chronic myelogenous leukemia were
examined. These patients were enrolled in protocols
utilizing IFN-� alone (n�13), IFN-� with low dose cy-
tosine arabinoside (ARA-C) (n�15), or IFN-� with hy-
droxyurea (n�2). Throughout treatment all subjects had
hemoglobin values that were 10 g/dl or greater.

Assessment
The institutional review board atM.D. AndersonCancer
Center approved the procedures used in this project.
Participants were administered a neuropsychological
battery consisting of standardized tests, which are de-
scribed in a previous paper,3 at their pretreatment base-
line and on-treatment assessments. Six neuropsycholog-
ical measures were selected from the battery based on
research3,10 showing that they were sensitive to the cog-
nitive effects of IFN-�. These tests assessed the following
abilities: 1) graphomotor speed—the Digit Symbol sub-
test from the Wechsler Adult Intelligence Scale—Re-
vised,11 2) verbal learning and memory—consistent
long-term retrieval (CLTR) and 30-minute delayed free
recall from the Verbal Selective Reminding Test
(VSRT),12 3) visual-motor and sequencing skills—the

number of seconds to complete part A (TMT-A) and part
B (TMT-B) of the Trail Making Test,13 and 4) verbal flu-
ency—the Controlled Oral Word Association Test
(COWAT) from the Multilingual Aphasia Examina-
tion.14 The COWAT has been reported to be sensitive to
frontal lobe dysfunction.15

Often used as a screening instrument for depression,
the MMPI16 is sensitive to both the depressive and so-
matic symptoms of IFN-� administration.3 The hypo-
chondriasis (Hs), depression (D), and hysteria (Hy)
scales of the MMPI were examined in 18 participants.
Ten subjects received the Beck Depression Inventory
(BDI).17 Although the original plan had been to admin-
ister the MMPI and BDI to all 30 subjects, only a portion
of the sample completed these tests due to the inadver-
tent omission of these measures from the clinic’s assess-
ment battery.

Statistical Analysis
Published normative data were used to convert raw cog-
nitive test scores to standardized t scores (mean�50,
SD�10) in order to facilitate comparisons among the
measures and to adjust for demographic factors (e.g.,
age). On the resulting scale higher values indicated bet-
ter cognitive functioning. Minnesota Multiphasic Per-
sonality Inventory scores are traditionally reported as
standardized t scores (mean�50, SD�10), with higher
values reflecting greater symptom severity.18 Change
scores were also calculated for the cognitive and MMPI
measures by subtracting baseline standardized t scores
from their matching on-treatment scores. These change
scores were considered meaningful if they were equal
to or greater than 15 points (i.e., 1.5 standard deviations
within the measure’s normative sample).
Each cognitive and MMPI variable was examined us-

ing a mixed design, repeated measures analysis of var-
iance (ANOVA) with period (i.e., baseline assessment
versus on-treatment assessment) as the repeated mea-
sure. Interferon-� is frequently administered with che-
motherapy, and the possibility of synergistic effects was
addressed by using protocol as a between-subjects fac-
tor. Patients receiving IFN-� with ARA-C or IFN-� with
hydroxyurea were pooled into a single, combination
therapy group to simplify data analysis. This combina-
tion therapy group was compared to subjects who re-
ceived IFN-� alone. When the period-by-protocol inter-
action was significant, t tests were used to conduct
planned comparisons between the baseline and on-
treatment periods within each protocol group. Other



J Neuropsychiatry Clin Neurosci 16:2, Spring 2004 187

SCHEIBEL et al.

TABLE 1. Demographic Characteristics and Treatment Variables for Patients Receiving Interferon Alone or in Combination With
Chemotherapy

Characteristic Interferon Alone (n�13) Combination Therapy (n�17)

Mean SD Median Mean SD Median

Age (years) 45.5 16.6 48.0 46.5 9.6 45.0
Education (years) 14.4 2.7 14.0 16.4 2.5 16.0
Weeks since diagnosis 31.8 45.4 12.0 11.2 10.8 8.1
Dose rate (weekly)a 40.0 21.8 42.0 52.4 19.1 52.5
Cumulative Doseb 778.6 598.8 783.0 2,387.2 2,427.5 1,185.0
Weeks on Treatment 22.9 24.0 13.4 43.9 40.0 24.4

n % n %
Gender
Male 8 61.5 12 70.6
Female 5 38.5 5 29.4

Race
White 10 76.9 16 94.1
Hispanic 1 7.7 0 0.0
Black 1 7.7 1 5.9
Asian 1 7.7 0 0.0

aMIU of IFN-� per week.
bWeekly IFN-� dose rate multiplied by the number of weeks on treatment.

group comparisons were made using t tests or the Wil-
coxon Rank Sum test, depending uponwhether the data
met the assumptions for a parametric statistical analysis.
Spearman’s rho was used to examine bivariate correla-
tions between variables of special interest, including
cognitive measures, MMPI scales, and possible risk fac-
tors.
The interval from baseline assessment to follow-up is

presented in Table 1 as the number of weeks on treat-
ment. The IFN-� dose rate was the number of million
international units (MIU) per week and the cumulative
dose was the dose rate multiplied by the number of
weeks on treatment.

RESULTS

Demographic and Treatment Characteristics
Demographic and treatment characteristics for the IFN-
� alone and combination therapy groups are summa-
rized in Table 1. Age, the number of weeks since diag-
nosis, and the dose rate did not differ between these
groups. However, education level (t��2.05, df�28,
P�0.050), weeks on treatment (Wilcoxon Rank-Sum
Test, P�0.015), and cumulative dose (Wilcoxon Rank-
Sum Test, P�0.035) were greater among patients who
received combination therapy.

Cognitive Function
Table 2 presents the percentage of patients exhibiting
adverse effects on the neuropsychological assessment.

Sixteen patients (53.3%) exhibited a decline of at least
1.5 standard deviations on one or more of the cognitive
tests. Mean scores from the baseline and on-treatment
assessments are also presented (Table 2) and t tests in-
dicated that the baseline scores did not differ between
the protocol groups (Table 3). Scores from the Trail Mak-
ing Test, which were log transformed prior to data anal-
ysis, were not normally distributed. Standardized t
scores, however, are presented within the tables to fa-
cilitate comparisons.
Scores on the Digit Symbol subtest were lower during

IFN-� therapy (F�5.44, df�1, 28, P�0.027). Although
this decline was significant, the change in Digit Symbol
performance was relatively small, and the average fol-
low-up score of 51.3 was within the average range of the
test’s normative sample (see Table 2). Themain effect for
type of protocol (F�0.31, df�1, 28, P�0.582) and the
period-by-protocol interaction were not significant for
Digit Symbol (F�0.10, df�1, 28, P�0.756).
Results from the VSRT revealed a dissociation be-

tween delayed free recall and CLTR, a measure of verbal
learning. Performance during delayed free recall did not
differ with the assessment period (F�0.88, df�1, 28,
P�0.375) or protocol type (F�2.57, df�1, 28, P�0.120).
There was also no period-by-protocol interaction for de-
layed free recall (F�0.91, df�1, 28, P�0.349). In contrast,
for CLTR the differences associated with assessment pe-
riod (F�6.01, df�1, 28, P�0.021), protocol type (F�5.64,
df�1, 28, P�0.025), and the period-by-protocol interac-
tion (F�5.23, df�1, 28, P�0.030) were all significant.
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TABLE 3. Mean Standardization T Scores at the Baseline and On-treatment Assessments for Patients Receiving Interferon Alone or in
Combination With Chemotherapy

Interferon Alone Combination Therapy

Baseline On-Treatment Baseline On-Treatment

Cognitive Measures (n�30) Mean SD Mean SD Mean SD Mean SD

Digit Symbol 52.6 6.1 50.8 7.6 54.1 5.8 51.8 7.1
Consistent long-term retrieval 39.0 11.6 38.6 10.9 36.2 9.8 25.0 13.0
Delayed Recall 35.6 12.0 40.4 12.6 31.2 15.4 31.1 13.0
Controlled Oral Word Association Test 52.1 9.0 54.5 7.4 55.7 7.3 48.9 12.2
Trail Making Test
Part A 48.1 13.2 49.3 11.4 49.0 13.4 45.5 15.7
Part B 51.4 16.0 48.1 9.6 54.1 11.5 42.8 21.0

MMPI (n�18)
Hypochondriasis 61.4 14.0 66.8 13.4 57.0 8.3 68.9 15.0
Depression 63.1 13.7 65.8 12.6 59.3 8.4 71.2 16.7
Hysteria 60.7 13.2 67.2 8.7 56.9 7.6 68.2 11.4

TABLE 2. Mean Standardized T Scores at the Baseline and On-treatment Assessments

Baseline On-Treatment

Patients With
Adverse

Treatment Effectsa

Cognitive Measures (n�30) Mean SD Mean SD N %

Digit Symbol 53.4 5.9 51.3 7.2 0 0.0
Consistent long-term retrieval 37.4 10.5 30.9 13.8 6 20.0
Delayed Recall 33.1 14.0 35.1 13.4 2 6.7
Controlled Oral Word Association Test 54.2 8.1 51.4 10.6 4 13.3
Trail Making Test
Part A 48.6 13.1 47.2 13.9 3 10.0
Part B 52.9 13.5 45.1 17.0 8 26.7

MMPI (n�18)
Hypochondriasis 59.2 11.4 67.8 13.8 4 25.0
Depression 61.2 11.2 68.5 14.6 6 33.3
Hysteria 58.8 10.6 67.7 9.9 2 12.5

aPatients with a decrease of 1.5 standard deviations or more on a cognitive test or an increase of 1.5 standard deviations or more on an
MMPI scale.

Planned comparisons indicated a significant decrease in
CLTR scores among subjects who had received chemo-
therapy with IFN-� (t��3.34, df�28, P�0.004) but not
when IFN-� was administered alone (t��0.12, df�28,
P�0.904) (see Table 3).
A period-by-protocol interaction was also found for

the COWAT (F�8.18, df�1, 28, P�0.008). Once more,
planned comparisons revealed lower performance
within the combination therapy group during treatment
(t��2.96, df�28, P�0.009), while scores within the
IFN-� alone group did not differ between the baseline
and on-treatment assessments (t��1.14, df�28,
P�0.278) (see Table 3). The main effects of assessment
period (F�1.86, df�1, 28, P�0.183) and protocol
(F�0.11, df�1, 28, P�0.742) were not significant for
COWAT.
For TMT-A there were no significant effects for period

(F�0.61, df�1, 28, P�0.442) or treatment protocol

(F�0.01, df�1, 28, P�0.918), and there was no period-
by-protocol interaction (F�0.71, df�1, 28, P�0.405).
However, for TMT-B there was a decline while the pa-
tients were on IFN-�, as revealed by a main effect for
period (F�7.87, df�1, 28, P�0.009). The main effect for
protocol type (F�0.07, df�1, 28, P�0.792) and the
period-by-protocol interaction (F�0.22, df�1, 28, P�
0.642) were not significant for TMT-B.

Risk Factors for Cognitive Impairment
The significant period-by-protocol interaction for
COWAT and CLTR suggests that combination therapy
may be associated with greater risk for cognitive de-
cline. However, both treatment duration and cumulative
IFN-� dose differed between the protocol groups. The
change in COWA t scores was correlated with age
(rho��0.42, P�0.021), number of weeks on treatment
(rho��0.54, P�0.002), and cumulative IFN-� dose
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(rho��0.58, P�0.001). The correlation between TMT-B
and cumulative IFN-� dose approached significance
(rho��0.31, P�0.093). None of the other correlations
between cognitive measures and possible risk factor
variables were significant.

Emotional Function
Minnesota Multiphasic Personality Inventory scores
were not normally distributed, and they were log trans-
formed prior to data analysis. However, mean standard-
ized t scores are reported in Table 2 and Table 3 and
reveal increases on all three MMPI scales during IFN-�
therapy. Table 3 also reveals similar MMPI scores at
baseline for patients who received IFN-� alone or in
combination with chemotherapy and t tests confirmed
that there were no significant differences between these
groups.
The main effect of assessment period was significant

for the Hs scale (F�15.78, df�1, 16, P�0.001), but the
main effect for protocol type (F�0.04, df�1, 16,
P�0.840) and the period-by-protocol interaction were
not significant (F�1.97, df�1, 16, P�0.180). Scores from
the Hy scale were higher at the on-treatment assessment
(F�22.47, df�1, 16, P�0.001), and there were no differ-
ences associated with the type of protocol (F�0.09,
df�1, 16, P�0.765). The period-by-protocol interaction
was not significant (F�1.05, df�1, 16, P�0.322) for the
Hy scale. Higher D scale scores were noted during treat-
ment (F�8.15, df�1, 16, P�0.012), and the main effect
for protocol type (F�0.01, df�1, 16, P�0.915) and the
period-by-protocol interaction (F�2.62, df�1, 16,
P�0.125) were not significant. Six of these patients ex-
perienced an increase on the D scale of at least 15 points
(i.e., 1.5 standard deviations) (Table 2). Scores on the D
and Hs scales were not correlated, but the correlation
between the D and Hy scales approached significance
(rho�0.43, P�0.063).
An increase in depressive symptoms was also found

on the BDI (t�3.38, df�9, P�0.008), as reflected by an
elevation in the mean score from 6.8 (SD�5.03) to 11.9
(SD�7.52).

Risk Factors for Depression
Spearman’s rho was used to examine the relationship
between change scores from the MMPI D scale and po-
tential risk factors for increased depression during IFN-
� therapy, including age, weeks since diagnosis, weeks
on treatment, dose rate, and the cumulative dose. None
of these correlations approached significance.

Findings from previous studies7,8 suggest that pre-
treatment depressive symptoms may be a risk factor for
the development of greater depression during IFN-�
therapy. Within the present sample the baseline MMPI
D scale scores were not related to D scale changes during
treatment (rho��0.04, P�0.859). Scale scores of 70 or
greater were interpreted as suggesting the presence of a
clinically significant level of depression.18 Examination
of individual scores indicated that five (27.8%) of 18 pa-
tients exceeded this cutoff at the time of the pretreat-
ment assessment, and these scores were still elevated at
the on-treatment evaluation. On average, D scale scores
for these five depressed patients increased an additional
7.4 points during therapy, and this is similar to the mean
change of 7.3 points that was observed within the entire
sample. However, three subjects with normal baseline
scores (i.e., D scale score � 70) developed new depres-
sion during treatment, and they all experienced D scale
increases of at least 19 points and had on-treatment
scores of 80 or greater.

Cognitive Function and Depression
Changes on the MMPI D scale were related to change
scores from the TMT-B (rho��0.56, P�0.017), but cor-
relations between the D scale and other cognitive mea-
sures were not significant. Examination of raw data also
revealed four patients with normal on-treatment D scale
scores and clear evidence of dysfunction on the neuro-
psychological evaluation, as reflected by a decline of 1.5
standard deviations or more on at least one of the cog-
nitive measures.

DISCUSSION

The present investigation utilized a prospective research
design and obtained evidence for cognitive dysfunction
and increased depressive symptoms during IFN-�
therapy for chronic myelogenous leukemia. These ob-
servations are consistent with a number of previous in-
vestigations that identified similar side effects,3,10 but
concerns have been raised about such studies because
they did not obtain pretreatment data.4 Prospective neu-
ropsychological studies often have disadvantages asso-
ciated with repeated exposure to the same or similar test
materials.19 Aside from the use of alternate test forms
for the COWAT and VSRT, the present investigation did
not control for repeated testing. However, practice ef-
fects would be expected to elevate scores at the on-treat-
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ment evaluation and, since test scores were lower at that
assessment period, the results provide sound evidence
for cognitive decline during IFN-� therapy. More than
one-half of the patients in our study experienced a de-
crease (�1.5 standard deviations) on one or more neu-
ropsychological measures. These deficits were often of
sufficient severity to present problems for the patients
in their daily lives, including difficulty returning to
work due to impaired cognitive efficiency.
On two of the cognitive measures there was some evi-

dence for toxic interaction between IFN-� and chemo-
therapy. Significant performance decreases on the CLTR
and the COWAT occurred only among subjects receiv-
ing combination therapy. It is important to note that pa-
tients on the combination therapy protocols also tended
to have longer treatment intervals and a higher cumu-
lative dose of IFN-�. However, there was no correlation
between CLTR and either cumulative dose or weeks on
treatment and, in the case of the COWAT, correlations
with these potential risk factors were only of moderate
strength. Both high cumulative IFN-� dose and che-
motherapy may place patients at higher risk for cogni-
tive dysfunction. Neurotoxicity can be more severe
when IFN-� is combined with other treatments,1 ARA-
C and hydroxyurea may have detrimental effects on
cognitive functioning,20,21 and use of these agents in
combination with IFN-� may have increased the level
of cognitive impairment.
Depression can produce cognitive dysfunction, and

the present study found increases on the BDI and the D
scale of the MMPI. Changes in depressive symptoms
were not highly related to changes on the Hs and Hy
scales, both of which are sensitive to somatic com-
plaints.18 Thus, physical side effects (e.g., fatigue) cannot
fully account for the D scale elevations, and our results
probably reflect the symptoms of a mood disorder.
Thirty three percent of patients who completed the
MMPI had D scale increases in excess of 15 points, and
on-treatment scores were 80 or higher in three of these
subjects. Increases in depressive symptoms were also
observed with the BDI, and this level of symptom se-
verity suggests the presence of a substance-induced
mood disorder. Interferon-induced depression has seri-
ous implications for quality of life, and it would be help-
ful if clinicians could predict which patients are at risk
for this side effect. However, contrary to the findings
from two previous investigations,7,8 baseline depression
scores were not correlated with increases in depressive
symptoms during treatment in our study. This discrep-

ancy may be due to differences in patient populations,
assessment techniques, and IFN-� dose. For example,
previous investigations studied populationswithmalig-
nant melanoma7 or hepatitis C8 and utilized a different
treatment schedule, including considerably higher
doses of IFN-� for patients with melanoma. Other sus-
pected risk factors also failed to demonstrate a relation-
ship with depressive symptoms and, in the present
study, there was no obvious characteristic that identified
patients who developed new depression. These results
support the monitoring of mood throughout IFN-�
treatment, so the clinician can intervene as soon as
symptoms develop.
New depressive symptoms did not appear to be re-

sponsible for the cognitive dysfunction observed in this
study. Changes on the MMPI D scale were related to
decreased performance on the TMT-B, but correlations
with other cognitive measures were not significant and
several patients with normal D scale scores exhibited
declines on the neuropsychological assessment.Much of
the cognitive impairment could not be attributed to an
organic, interferon-induced depressive disorder, and
this finding raises the possibility of different underlying
mechanisms for the depressive and cognitive symptoms
of interferon neurotoxicity.
Several physiological mechanisms have been proposed

for the neurotoxic effects of IFN-�, including actions me-
diated through neuroendocrine, neurotransmitter, and
cytokine pathways.6 Interferon-� has structural and func-
tional similarities to adrenocorticotropic hormone,22 and
alterations in endocrine function may contribute to the
somatic and mood symptoms of IFN-� toxicity.6 There is
some evidence for actions on b-endorphin and dopa-
mine23,24 as well, and the cognitive and behavioral symp-
toms of chronic IFN-� administration have been com-
pared to Parkinson’s disease.6

Patients with IFN-� neurotoxicity have been reported
to exhibit mild to moderate symptoms of frontal-
subcortical brain dysfunction,3,10 including cognitive
and behavioral slowing, apathy, impaired executive
functions, and decreased memory. The current study
obtained similar findings, including evidence on neu-
ropsychological assessment for impairments in infor-
mation processing and frontal lobe executive functions.
Although performance on a word learning task (i.e.,
CLTR) decreased during treatment, there was no decline
in delayed recall of the type expected with hippocampal
dysfunction.25 It has been said that the frontal lobes have
a directive, controlling role in the acquisition of new in-
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formation,26 and prefrontal dysfunction may have been
responsible for the decline on CLTR. The hypothesis that
frontal lobe dysfunction is involved in some IFN-� neu-
rotoxic effects is also consistent with physiological data
showing decreased prefrontal metabolism during low-
dose IFN-� therapy.27

In conclusion, the current study found evidence of
neurotoxicity during IFN-� therapy that included alter-
ations in both cognition and mood. These findings sup-
port the monitoring of cognitive and emotional function
during IFN-� therapy, and when indicated, prompt
treatment for symptoms of depression. However, mood

changes were not responsible for much of the cognitive
decline, and different strategies may be required toman-
age the cognitive side effects. Opiate agonists could
have some potential as a treatment for the physiologic
and cognitive symptoms.28 Additional research to ex-
amine risk factors and physiological mechanisms of
neurotoxicity may be helpful for developing methods to
reduce these adverse effects of IFN-� therapy.

A portion of these findings was presented at the 30th an-
nual meeting of the International Neuropsychological Society,
Toronto, Canada, February 13–16, 2002.
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