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Abstract

Several studies have demonstrated that the outcome
of chronic hepatitis C (CHC) infection is profoundly
influenced by a variety of comorbidities. Many of
these comorbidities have a significant influence on
the response to antiviral therapy. These comorbidities
negatively affect the course and outcome of liver
disease, often reducing the chance of achieving a
sustained virological response with PEGylated interferon
and ribavirin treatments. Comorbidities affecting
response to antiviral therapy reduce compliance
and adherence to inadequate doses of therapy. The
most important comorbidities affecting the course of
CHC include hepatitis B virus coinfection, metabolic
syndrome, and intestinal bacterial overgrowth.
Comorbidities affecting the course and response to
therapy include schistosomiasis, iron overload, alcohol
abuse, and excessive smoking. Comorbidities affecting
response to antiviral therapy include depression,
anemia, cardiovascular disease, and renal failure.
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INTRODUCTION

The prevalence of hepatitis C virus (HCV) infection
varies throughout the world, with the highest number
of infections reported in Egypt. The use of parenteral
antischistosomal therapy in Egypt is thought to have
contributed to a prevalence of antibodies against HCV
in various regions ranging from 6% to 28% (mean,
229", An estimated 70% to 85% of infected patients
are likely to develop chronic hepatitis, and up to 30% of
these cases might progtess to cirrhosis®.

When treating chronic hepatitis C (CHC), many
clinicians do not take into consideration the presence of
other comorbid conditions that lead to more progressive
liver disease, such as cirrhosis and hepatocellular
carcinoma (HCC)", In recent studies, it has been proved
that such comorbidities might reduce the response rate
to PEGylated intetferon (PEG-IFN)/ribavirin (RBV)
therapy in HCV patients™”.

Eventually amelioration of these comorbidities
before embarking on IFN-based therapy would improve
the sustained virological response (SVR) and impair
progression to cirrhosis and HCC.

COMORBIDITIES AFFECTING THE
COURSE OF CHC

Hepatitis B virus (HBV) co-infection
Coexistent HCV infection has been estimated to be
present in 10% to 15% of patients with chronic hepatitis
B, and is more common among injecting drug users!.
Acute coinfection with HBV and HCV can shorten the
duration of HBs antigenemia and lower the peak serum
aminotransferase concentrations compared with acute
HBV infection alone™. However, acute coinfections
of HCV and HBY, or acute HCV on preexisting chronic
HBYV, have also been reported to increase the risk of
severe hepatitis and fulminant hepatic failure!".
However, combined chronic hepatitis B and C
leads to more severe liver disease, an increased risk
of hepatocellular carcinoma”™ and lower response to
IFN'". Furthermore, co-infected patients represent a
treatment challenge. No standard recommendations exist
for treatment of viral hepatitis due to dual HBV/HCV

infection, and therefore treatment must be individualized™.

Management: Treatment decisions should be based upon
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Figure 1 HCV-induced insulin resistance. Dotted lines represent inhibition,
continuous lines represent activation. PI3K: Phosphatidyl-inositol 3 kinase.
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Figure 2 HCV-induced insulin resistance®*!, SOC-3: Suppressor of
cytokine-3; PPAR: Peroxisome proliferators activated receptor; HSCs: Hepatic
stellate cells.

[ veear | Hscs )

the determination of the "dominant" hepatitis virus. The
mote active virus should be treated using IFN plus RBV
for hepatitis C and TFN plus Lamivudine for hepatitis B™",
Caution must be exercised in treating coinfected patients,
by observing reactivation of untreated virus as flares of
the latter might occur.

Metabolic syndrome (MS)

MS is a cluster of abnormalities, including obesity,
insulin resistance, type 2 diabetes mellitus, dyslipidemia,
and hypertension. Moreover, patients with chronic HCV
infection have increased prevalence of insulin resistance
and of type 2 diabetes compared with age-, sex-, and
liver disease-matched controls''.

It has been observed that overweight, insulin resistance,
and liver steatosis have a negative impact on the course of
CHC, being associated with more severe and progressive
liver fibrosis”. HCV proteins are associated with the
dysfunction of mitochondria and endoplasmic reticulum
that promote oxidative stress. The latter mediates signals
that activate the expression of proinflammatory cytokines:
tumor necrosis factor (ITNF)-q, intetleukin (IL)-6, 1L-8,
tumor growth factor-q, and the fas ligand..

Insulin resistance: HCV proteins activate the expression
of TNF-o which inhibits the function of insulin receptor
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Figure 3 Core-protein induced insulin resistance®*,

substrates (IRS) and decreases the expression of glucose
transporter-4 and lipoprotein lipase in peripheral tissues,
which are responsible for the promotion of insulin
resistance (Figure 1).

Furthermore, reduced adiponectin levels, loss of
adiponectin receptors, and decreased anti-inflammatory
peroxisome proliferator-activated receptor o, (PPAR-q)
in the liver of HCV patients might contribute to reduced
fatty acid oxidation, inflammation, and eventually,
lipotoxicitym]

Insulin resistance has been clearly associated with
steatosis, more severe and progressive fibrosis, and a
reduced response to PEG-IFN and RBV therapy in HCV
patients[m

SVR is impaired in patients with a high homoecostasis
[14]

. Several recent studies have confirmed that
model assessment index

Obesity/Hepatic steatosis: In hepatitis C infection,
hepatic steatosis might be either metabolic [overweight
& obesity (BMI = 25), diabetes mellitus] or cytopathic
due to the effect of the virus, as in genotype 3. However,
genotype-4, which is predominant in Egypt, has no direct
relation with the development of steatosis' s however, it
develops as a secondary metabolic effect as evidenced by
HCV core protein promotes IR iz TNF-g production’
(Figures 2 and 3). In addition, HCV non-genotype-3
induces insulin resistance through downregulation of
IRS"™. HCV genotype-3 might induce a cytopathic effect
and autoimmune aggression on f-cells of the pancreaslzoj.
Furthermore, HCV produces necroinflammation of
hepatocyte membranes with consequent malfunction of
insulin receptors.

Several studies have recently confirmed that the
SVR is impaired in patients with high body mass index
and for those with hepatic steatosis. These data indicate
that HCV carriers should avoid weight gain by diet and
physical exercise before initiation of antiviral therapy,
all efforts should be made to improve the metabolic
steatosis of the patient.

Type 2 diabetes mellitus: Type 2 diabetes mellitus is
frequently associated with hyperinsulinemia and fatty liver
disease. The chronically elevated circulating insulin levels
found in type 2 diabetic patients might be responsible
for accumulation of fat in the liver by downregulating
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Figure 4 Insulin-induced IFN resistance. Interaction between insulin and
the PEG-interferon a-signaling pathway. PI3K activated by insulin seems to
be responsible for the block of STAT1 translocation that avoids the antiviral
effect of interferon. Dotted lines represent inhibition, continuous lines represent
activation. IRS-2: Insulin substrate-2; 2',5'-OAS: 2',5-oligoadenylate synthetase;
PKR: Protein kinase.

mitochondrial 3-oxidation and blocking secretion of
triglycerides from the liver. Diabetic individuals are at
higher risk to develop non-alcoholic steatohepatitis, which
might progress to cirrhosis in up to 5% of cases”**”.

Intestinal bacterial overgrowth (IBOG): Chronic
liver disease is associated with slow, transient, altered
gut permeability and translocation of intestinal bacteria
and toxins to portal and systemic circulation”””, These
toxins contribute to liver cell injury by induction of
proinflammatory cytokines (TNF-q, 1L-6, and 1L-8) in
the liver. Concomitant IBOG with HCV infection will
aggravate the risk of severe hepatitis and progressive liver
disease as a result of the immune response against HCV
infection.

Management: Intestinal decontamination by metroni-
dazole and probiotics to prevent endotoxin formation,
open bowel by synthetic disaccharides (lactulose), and
trigger peristalsis by prokinetics.

COMORBIDITIES AFFECTING THE
COURSE AND RESPONSE TO THERAPY
OF CHC

Schistosomiasis co-infection

Schistosoma mansoni has been the major risk factor of
liver diseases in Egypt, especially in rural areas. In many
patients, HCV infection is associated with schistosomia-
sis because of iv anti-schistosomal therapy”*’. Schis-
tosomiasis is an immunological disease, which suppress
cellular immunity, triggering Th2 cytokine response fa-
voring chronicity of hepatitis C infection.

Patients with CHC and concomitant schistosomiasis
respond pootly to IFN therapy and have higher relapse
rates compared to patients with HCV infection only. This
might be due to HCV genotype 4 per se, ot to the negative
influence of schistosomiasis on the immune system,

leading to higher HCV RNA titers, and more severe liver
damage with a higher incidence of cirrhosis. The latter is
promoted by the longer duration of both infections™
Diagnosis of schistosomiasis was based on a history
of Schistosoma infection, detection of S. mansoni ova
in stool, or a rectal biopsym‘ At baseline, patients with
CHC and schistosomiasis had higher HCV RNA titers

. . . . - [30
compared to patients without schistosomiasis"™

Management: Praziquantel 40 mg/kg single dose (can
be repeated up to three weekly consecutive doses) before
initiation of antiviral therapy.

MS

Insulin resistance has been clearly associated with
steatosis, a more severe and progressive fibrosis, and a
reduced response to PEG-IFN and RBV therapy in HCV
patients'”

How does concomitant MS with HCV infection
impair the response to interferon?

In obese patients, subcutaneous fat impaits absorption
of interferon at the site of injection. In addition, hepatic
steatosis decreases contact between interferon and
hepatocytes receptors''?. Steatosis interferes with the
signaling cascade of interferon [Janus Kinase (JAK)
activate signal transduction and activator of transcription
(STAT) which express IFN genes]””. On the other
hand, the HCV core protein promotes insulin resistance
via TNF-production and insulin resistance induces
steatosis, fibrogenesis, and IFN-resistance! ", In
addition, HCV cote protein and TNF-q, upregulate
supptessor of cytokines-3 which binds to JAK, inhibiting
phosphorylation of STAT1"” and eventually interfering
with IFN signaling[33]. Furthermore, obesity in general
is associated with a suppressed immune response”””

(Figures 3 and 4).

Management of MS: Amelioration of metabolic
factors before starting interferon therapy favors a good
response to interferon therapy. HCV patients should
avoid weight gain by life style modification (hypocaloric
diet/exercise), use of insulin sensitizers, in the form
of Metformin, to reduce hepatic gluconeogenesis, and
ploglitazone to sensitize insulin receptors and mobilize
visceral fat to subcutaneous tissues. Antioxidants (vitamin
E, betaine, silymarin, and B-carotine), hepatoprotective
drugs (UDCA) might add therapeutic benefit to inhibit
the toxic effects of free radicals. Gut decontamination
with metronidazole and probiotics to prevent gut
endotoxin formation should be considered; the later
induce proinflammatory cytokines in the liver that
promote steatosis and steatohepatitis.

Iron overload

In hepatitis C patients, increased iron absorption in
cirrhosis and difficulty in excreting iron from the body
contribute to development of iron overload”. There is
growing evidence that iron overload enhances the amount
of liver injury and progtession to cirrhosis and HCC. In
addition, it decreases the SVR to IFN/RBV treatment” ",
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Management: Venesection, restrict diets rich in iron,
give antioxidants such as silymarin, betaine and vitamin
E to nullify the toxic effects of free radicals.

Alcohol abuse

Alcohol abuse favors the development of alcoholic
steatosis, steatohepatitis, and subsequently cirrhosis. It
plays a role in resistance to interferon therapy through
immunosuppression of CD4+ and NK cells™] by
increased hepatic iron load, and by inhibiting the IFN-a-
activated signals[42‘43].

Most studies found that alcohol decreased the response
to interferon-based therapy and this effect is alcohol dose-
dependentm’w. Median daily alcohol use > 30 g/d is
associated with failure to respond to PEG-IFN and RBV
for treatment of hepatitis C. Past alcohol use should be
evaluated when considering treatment for hepatitis c*,

Management: Stop alcohol abuse, intestinal antibiotics
and probiotics to prevent gut endotoxin formation;
and antioxidants as vitamin E, betaine and silymarin
to block lipid peroxidation. Pentoxifylline is an oral
phosphodiesterase inhibitor which decreases expression of
TNF-a (and other proinflammatory cytokines) and which
may inhibit apoptosis. When the full course is completed,
the SVR is similar, regardless of alcohol intake™.

Excessive smoking

Heavy smoking increases the severity of hepatic infla-
mmation and fibrosis when associated with hepatitis
C infection”. Heavy smoking induces resistance to
interferon therapy by suppression of CD4+ and NK
activity™! inducing apoptosis of T-cells""”, and increasing
hepatic iron load™.

Management: Stop smoking, venesection to reduce
iron level, limit diet rich in iron and use of antioxidants
as silymarin, vitamin E, betaine, -carotine, lecithin and
selenium.

COMORBIDITIES AFFECTING RESPONSE
TO INTERFERON THERAPY

These comorbidities reduce compliance and adherence
to inadequate PEG-IFN or RBV doses.

Depression

Depression is significantly more prevalent in chronically
HCV-infected patients than in the general populationwj,
which negatively affect patients’ functional health, ability
to work, self-perceived health, health-related quality of
life (HRQL) and well being™.

The presence of mild/moderate depression at baseline
is not considered an absolute contraindication to initiate
antiviral therapy with PEG-IFN and RBV. However, this
condition is certainly associated with a higher risk of
developing severe depression during therapy that might
lead to higher rates of treatment discontinuation in the
absence of adequate antidepressant therapyisu.

It has been reported that IFN-o downregulated
glucocorticoid receptor (GR) and serotonin receptor 1A
(5-HTR1A) levels in cell lines. These levels of GR and
5-HTR1A, following IFN-a-induced downregulation,
recovered after withdrawal of IFN-o or addition of
desipramine or fluoxetine. These data provide insights
regarding the pathogenesis of TFN-g-induced depression®”.

The pharmacokinetics of PEGylated IFN are
different from those of standard IFN® and the time of
depression occurrence also differs between PEGylated
and standard IFNPY; therefore, it will be important to
determine if the mechanisms described by Cai ez a/*” on
GR and 5-HTRI1A receptors also apply to PEGylated
IFN. In addition, anxiety and depression impair the
level and activity of B cells, T cells, and NK cells™. No
differences in depression rates were observed by Neri
et al™ comparing PEGylated-, 2a and PEGylated-o, 2b,
and this finding has recently been confirmed in the large
randomized comparison trial TDEAL,

Depression and anxiety of significant severity can
adversely effect compliance and tolerance to medication.
Although anemia and depression were associated with
HRQL impairment, depression was the most consistent
predictor”™, Several studies concluded that individuals
who experience significant worsening of depressive
symptoms during IFN therapy are less likely to achieve
a virological response during therapy and an SVR after
therapy withdrawal"”,

Management: Therapeutic intervention has been shown
to be effective in the management of IFN-induced
depression in a controlled study[sg]. The most effective and
well-studied antidepressants in this setting are those of the
selective serotonin reuptake inhibitor class, in particular
citalopram 25 mg/d[sgl. Importantly, all patients who
received antidepressant treatment were able to complete
the full course of IFN therapy; while discontinuation was

necessitated in patients in the placebo arm'®”,

Anemia

Anemia that develops in a patient receiving HCV
therapy often has multiple potential contributing factors,
including RBYV, interferon or PEG-interferon, underlying
liver disease caused by HCV infection, and co-morbid
conditions, such as HIV infection or chronic renal
failure!"’. The anemia associated with RBV most often
occurs as dose-dependent hemolytic anemia, typically
developing within the first 4 wk of therapy[(’z’“]. At higher
doses of RBV (1000-1200 mg/d), hemoglobin levels
frequently decline by 2-3 g/dL. In addition to causing
hemolysis, RBV can also downregulate the number of
erythropoietin receptors ™. Interferon can also contribute
to the development of anemia by suppressing bone
marrow production of erythrocytes, but this process is
generally slower and might account for the continued
decline in hemoglobin concentration during the second and
third months of treatment. Finally, patients developing
anemia during HCV therapy often have inappropriately
poor serum erythropoietin responses”, probably related
to their underlying liver disease. It is often not possible to
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pinpoint one particular drug as the primary cause of the
anemia, because of the mixed nature of HCV treatment-
associated anemia.

Management of anemia associated with HCV
Therapy: The conventional standard of care for
managing anemia during HCV antiviral therapy has
consisted of reducing the RBV dose by half if the
hemoglobin level decreases to less than 10 g/dL, and to
completely stop the RBV if the hemoglobin level drops
below 8.5 g/dL. A decrease in RBV dose, especially
in the first several months of treatment, can diminish
response rates considerably. Furthermore, the strategy
of decreasing the RBV dose will only partially correct
the anemia. On average, the hemoglobin level will
increase 1 g/dL with RBV dose reduction™, Finally,
some patients who have co-morbid conditions, such as
diabetes mellitus, coronary artery disease, and chronic
obstructive pulmonary disease, might pootly tolerate
even mild levels of anemia.

The recombinant erythropoietin hormone, epoetin
o, has emerged as an excellent option for improving
HCV treatment-related anemia while supporting optimal
treatment doses of RBV and interferon. Recombinant
erythropoietin hormone acts by increasing the number
of erythroid progenitor cells, and has demonstrated
efficacy and safety in patients with chronic renal disease,
those with malignancies receiving chemotherapy.
Patients receiving once weekly epoetin ¢, (4000 unites)
had significantly higher hemoglobin levels at week 167,
The major drawbacks of using any of the recombinant
erythropoietin medications are high cost and slightly
increased risk of thrombotic events.

Cardiovascular disease

HCV RNAs were found in the hearts of patients with
cardiomyopathies, and negative strands of HCV RNA
were also detected in the hearts, suggesting that HCV
replicates in myocardial tissues'®”.

A major subset of CHC patients currently considered
ineligible for PEG-IFN/RBV is represented by those with
co-existing clinically significant heart disease. Durante-
Mangoni e# a/*” prospectively evaluated safety and efficacy
of PEG-IFN/RBV treatment in CHC patients with
heart disease. They concluded that treatment with PEG-
IFN/RBV might be safely offered to CHC patients with
co-existing, clinically significant, heart disease. In qualified
centers, CHC patients with overt hear disease should not
be denied treatment, whenever indicated™”.

However, some patients with coronary artery disease
pootly tolerate even mild levels of anemia. Hence, doses
should be reduced in more than 25% of patients for both
PEG-IFN/RBYV to avoid the setious adverse events on the
sick heart.

Renal failure

CHC and chronic renal failure might occur together
because of the association of HCV infection with cryo-
globulinemia and membranoproliferative glomerulone-
phritis, or by infection of chronic renal failure patients

from exposure to HCV-contaminated blood or hemodi-
alysis equipment.

Those with renal failure and chronic HCV infection
might have significant liver disease. Although patients
on dialysis tend to have milder liver disease and normal
liver enzymes compared with patients with normal renal
function™, patients with end-stage renal disease (ESRD)
and CHC might have severe chronic hepatitis on liver
biopsym.

A liver biopsy should be performed in patients with
CHC who are receiving hernodialysism] and do not have
major comorbidities. Among dialysis patients who are
not candidates for renal transplantation, antiviral therapy
is recommended in those with fibrotic disease for viral
eradication and potential reduction of the stage of fibrosis.

In candidates for renal transplantation, cirrhosis is a
contraindication to renal transplantationm]; a combined liver
and kidney transplantation might be indicated in patients
who progtess to decompensated cirrhosis. In candidates for
renal transplantation, treatment is appropriate in the pre-
transplant settingm]. Interferon therapy is ineffective and
has an unacceptably high risk of precipitating rejection after
transplantation. Even in patients with mild liver disease,
antiviral treatment is recommended to obtain a SVR before
transplantationm, which will avoid the risk of progressive
liver disease after transplantation.

Management of HCV infection associated with
renal failure: RBV is cleared by the kidneys and thus
contraindicated in patients with renal failure”"™. There
is a risk of enhancement of the RBV-related hemolytic
anemia, with a marked fall in hemoglobin levels. Interferon
monotherapy at the standard dosing schedule of 3 million
units subcutaneously three times weekly, or PEG-interferon
monotherapy (o-2a or o-2b) injected once weekly, is used
in patients with renal disease. The pharmacokinetics are
similar to patients with renal disease down to a creatinine
clearance of 20 mL/min. Trials of PEG-interferon in
patients with ESRD have used either 135 mcg of PEG-
interferon a-2a or 0.5-1.0 mcg/kg of PEG-interferon
o-2b. In dialysis patients, the sustained virologic response
achieved with interferon monotherapy is at least as good
as in the general populationm]. Adverse events leading to
drug discontinuation, in decreasing order of frequency,
include flu-like symptoms, neutropenia, depression,
and neurological symptoms. Drop-out rates seen with
interferon given at 3 million units three times weekly are
between 20% and 30%. PEG-interferon monotherapy
trials in patients with ESRD are currently under way.

CONCLUSION

In chronic hepatitis C, control or amelioration of
comorbidities before embarking on antiviral therapy
represents the milestone for higher post-antiviral therapy
response.
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