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A
direct effect of the hepatitis C virus (HCV) on
the central nervous system (CNS) was proposed
over 10 years ago as a mechanism for the neu-

rocognitive impairment reported in this infection.1 A
number of studies have shown impairments in working
memory, attention, executive function, and processing
speed in patients with noncirrhotic HCV infection.2

However, despite the many patients treated in the last
decade, there have been no published studies on the
effect of successful antiviral treatment on neurocogni-
tive function in large prospectively studied cohorts.
Over this period, a-interferon has remained the back-
bone of antiviral regimens and the CNS effects of this
administered cytokine have been intensively studied
during treatment.3

It is well established that a-interferon induces
depressive symptoms in patients with HCV infection,
which generally peak after 12 weeks of therapy. Other
neuropsychiatric effects include fatigue, irritability,
anxiety, and cognitive symptoms such as memory dis-
turbances and concentration problems.3 The underly-
ing mechanisms of a-interferon-induced depression
have been studied by researchers with an interest in
the inflammatory hypothesis of depression and include
alterations in the hypothalamic-pituitary-adrenal axis,
perturbations in the metabolism of major neurotrans-
mitters, and the activation of the enzyme indoleamine-
2,3-dioxygenase (IDO), which leads to the degradation
of tryptophan into neurotoxic pathways.3 In parallel,
predictors of a-interferon-induced depression have
been sought and include genetic polymorphisms in the
serotonin transporter and immune genes, blood levels
of certain cytokines, e.g., interleukin-6, and other

peripheral biomarkers such as docosahexaenoic acid.3

However, there has been relatively little attention paid
to the interaction between HCV-associated cognitive
impairment and the on-treatment and delayed effects
of a-interferon-containing therapy.

Fontana et al.4 studied neurocognitive function in a
cohort of patients with advanced fibrosis and cirrhosis
who had previously failed to respond to pegylated a-
interferon and ribavirin in the HALT-C study. When
retreated for a prolonged period with low-dose mainte-
nance pegylated a-interferon, they found no effect
of treatment on cognitive function after up to
48 months. At baseline there was significant impairment
in 28% of patients but no significant positive or nega-
tive effect of interferon was seen through treatment,
raising the possibility that this group had minimal he-
patic encephalopathy (MHE), which was unaffected by
treatment. This study was not designed to evaluate the
effect of viral eradication on neurocognitive function.

In contrast, in an earlier study5 before the one pub-
lished in this issue by Kraus et al.,6 the same investigators
reported a significant negative impact of a-interferon on
vigilance, attention, and working memory in patients af-
ter 3-8 months of full-dose a-interferon-based treatment.
There was a return to baseline cognitive function 6 weeks
after the end of treatment but, again, the study was not
designed to evaluate the effect of successful viral eradica-
tion. In contrast to the HALT-C cohort, this cohort had
milder liver disease and the adverse effect of treatment
was probably related to an absence of preexisting MHE
and a higher dose of a-interferon.

In this issue, the same group now report significant
improvement in neurocognitive function at least 12
months after the end of successful viral eradication
with pegylated a-interferon-2b and ribavirin.6 The
group performed a series of tests evaluating executive
function, including working memory and vigilance
before and after therapy with a standard interferon
and ribavirin regimen. The article is important in that
it shows that in a “real-life” cohort of patients, there
was improvement in cognitive function in patients
who had a sustained virological response but not in
those who failed to clear the infection. This suggests
that, after the established adverse effects on interferon
and ribavirin have receded, at least 12 months
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postcompletion of therapy an improvement in cogni-
tive function attributable to viral eradication per se is
evident. This reinforces the notion of a biological
effect of HCV infection within the CNS. Although it
is possible that knowledge of the treatment outcome
might have affected cognitive performance in some
way, it would not be feasible in a prospective study of
this nature to blind patients to their treatment out-
come for 12 months after the end of treatment.

The cohort that was studied had a relatively high
sustained virological response rate and presumably did
not include patients with multiple negative predictors
of interferon response such as African Americans,
obese individuals, and a high burden of advanced fi-
brosis. Although some patients with cirrhosis were
studied, post-hoc analyses did not show this to be im-
portant in predicting cognitive dysfunction. This is
important, as it suggests that preexisting MHE in cir-
rhosis nonresponders was not a confounding variable.

The finding of cognitive improvement that is inde-
pendent of cirrhotic morphology is important because
it adds impetus to further evaluating cognitive func-
tion as an indication for and as an outcome measure
of antiviral therapy at a precirrhotic stage. Disentan-
gling the relative contributions of HCV, cirrhosis,
comorbid conditions, and concomitant medications
can be challenging since available tests are sensitive but
not specific.7 MHE uniquely affects visuo-construction
skills, motor speed, and motor accuracy, while precir-
rhosis HCV infection affects working memory and the
domains of attention, executive function, and process-
ing speed are affected in both.8 The authors applied a
relatively narrow battery of only four tests (alertness,
divided attention, vigilance, and working memory),
which were previously shown to be sensitive to the
effect of interferon but are not specific to this or the
effect of HCV infection itself. In this study, there was
no comparison of baseline function with normative
control data and the clinical significance of the
improvement was not defined. Indeed, in future stud-
ies it will be important to link neurocognitive test per-
formance with outcomes that affect daily life such as
cognitive health-related quality of life, e.g., MOS-Cog,
or Sickness Impact Profile, in order to increase accep-
tance of the effect on cognition as a valid outcome
and as an added benefit of HCV therapy.

Despite increasing interest and research, there remains
uncertainty around the mechanism of HCV-associated
cognitive impairment and other CNS effects. Imaging
studies have suggested evidence of CNS immune activa-
tion1,9,10 and alterations in neurotransmission in HCV

infection,11 yet it is unclear whether this is associated
with a direct effect of viral penetration into the CNS12

or a result of peripheral factors acting across the blood-
brain barrier. HCV genomes have isolated by a number
of groups in human microglial cells13 and recent data
show that human brain endothelial cells support pro-
ductive but low-level infection by HCV.14 The potential
importance of an extrahepatic, immune-privileged site
goes beyond the neurocognitive symptoms in this infec-
tion, particularly as we move into the era of interferon-
free, direct-acting antiviral therapy. The expected major
improvements in sustained virological responses after fi-
nite short-course combination therapies will depend on
adequate drug penetration to all sites.

The era of interferon-free regimens will greatly
reduce the neurocognitive burden posed by interferon
and offers further opportunities to test the relation-
ships between HCV infection and CNS symptoms. In
the absence of the deleterious effect of interferon, we
should expect an accelerated improvement in neuro-
cognitive symptoms if, as suggested, they are directly
attributable to HCV per se and the promise of high-
level, permanent viral eradication becomes reality.
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