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Hepatitis C affects approxi-
mately 4-5 million people in 
the United States with nearly 
75% having long-term hepa-
titis C virus (HCV).1 Even with 
advances in treatment, about 
one half of patients will not 
achieve an SVR.2;3  Pegylated 
interferon and ribavirin com-
bination therapy is currently 
the standard of care for the 
treatment of chronic hepatitis 
C.4  Overall, sustained virologic 
responses (SVR) – defined as 
undetectable HCV RNA in the 
serum – greater than 50% 
have been reported from pivotal 
registration trials.  However, pe-
gylated interferon and ribavirin 
therapy is associated with a 
high incidence of side effects, 
including hematologic complica-
tions.  Hematologic side effects 
are particularly common; bone 
marrow suppression caused by 
interferon may result in neutro-
penia and thrombocytopenia, 
and ribavirin is directly toxic to 
red blood cells and is associated 
with hemolysis, which is usu-
ally dose-related and generally 
self-limiting.4  The standard 
recommendation for manage-
ment of hematologic side 
effects of interferon and ribavrin 
therapy has been dose reduc-
tion.4  More recently, there has 
been increasing emphasis on 

the use of growth factors such 
as filgastrim and erythropoi-
etin to stimulate bone marrow 
production of leukocytes and  
erythrocytes to allow patients to 
receive the optimal doses of in-
terferon and ribavirin rather than 
have the patient undergo dose 
reduction and risk a decrease in 
SVR.5  This practice is con-
sistent with the available data 
suggesting that maintenance of 
optimal doses and adherence 
during therapy is associated 
with the best SVR rates.6;7  A 
study published in abstract form 
by Schiffman et al.8 examined 
the use of erythropoietin at the 
onset of therapy to maintain 
hemoglobin between 12-15 g 
during treatment;  three groups 
were treated with weight based 
ribavirin (800 to 1600 g/day).   
A significant increase in SVR 
rates was observed in the group 
that received the high weight 
based ribavirin dose (1000-
1600 mg/day).   

Today’s 
Standard of Care
Recently the importance of 
adherence throughout therapy 
was studied with regards to its 
affect on SVR.8  Maintaining the 
optimal dose of both interferon 
and ribavirin is particularly criti-
cal in the first 12 to 20 weeks of 

therapy.9  One factor that deter-
mines adherence is the quality 
of life of patients during therapy.  
Another important determinant 
of adherence is the ability to 
manage the side effects of 
therapy including hematologic 
management.10 

There is clear evidence that the 
response to interferon and riba-
virin is greatest among patients 
who receive the optimal dose 
of interferon and ribavirin albeit 
this conclusion comes from ret-
rospective studies.  Much of the 
data has been compiled from 
post-hoc analyses of the pivotal 
trials with pegylated interferon 
alfa-2a and pegylated interferon 
alfa-2b.

The overall SVR among patients 
in the pegylated interferon (PEG-
IFN) alfa-2b pivotal trial was 
approximately 54%.  However, 
subgroup analysis among pa-
tients who were able to maintain 
at least 80% of each of the 2 
medications for at least 80% of 
the time demonstrated an SVR 
of 63%. Among those who did 
not maintain at least 80% of the 
doses at least 80% of the time, 
the sustained response rate was 
52%.

Among patients with HCV 
genotype 1, the patients that are 
the hardest to clear the virus in, 
only 34% of patients who did 
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not maintain adherence to the 
“80-80-80” rule had an SVR.  
These data, albeit retrospective-
ly derived, strongly suggest that 
adherence to optimal dosage 
regimens does in fact improve 
SVR.

Recent studies have shown 
that an early virologic response 
(EVR) is another important 
predictor of SVR; furthermore, 
adherence during the first 12 
weeks appears to be a predictor 
of EVR.  Davis et al.10 showed 
that patients who were able to 
maintain at least 80% of each of 
the drugs during those first 12 
weeks had an 80% likelihood of 
achieving EVR. Shiffman et al. 
also showed that SVR was lower 
among patients who were un-
able to maintain optimal dosing 
for 20 weeks.10  Therefore, it is 
essential that treatment of hep-
atitis C should focus on the use 
of optimal dosage of therapy 
and attempts to minimize side 
effects to allow adherence.

Dosage and Duration 
of Therapy
Identifying the correct PEG-IFN 
/ribavirin dosage and the correct 
duration for each of the HCV 
genotypes was the aim of a 
study led by Hadziyannis et al. 
There were 4 arms in this study: 
2 groups received weight-
based ribavirin for 24 and 48 
weeks, while the other 2 groups 
received “flat-dose” ribavirin for 
24 and 48 weeks, respectively.11  
The study addressed 2 prob-
lems, namely the optimal dura-
tion of therapy and the optimal 
ribavirin dose.

Results showed that the 
responses among patients with 
HCV genotypes 2 and 3 were 
similar among groups regard-
less of ribavirin dose or duration 
of therapy (24 or 48 weeks).  

For patients with HCV genotypes 
2 and 3, the National Institutes 
of Health recommended 24 
weeks of therapy with PEG-
IFN and ribavirin at a dose of 
800 mg a day, regardless of a 
patient’s weight.

A recent trial by Zeuzum et al. 
compared response rates be-
tween patients with genotypes 
2 and 3.12;13  All patients were 
treated for 24 weeks of PEG-
IFN and weight-based ribavirin. 
The SVR was higher among 
genotype 2 patients compared 
to those with genotype 3 (93% 
vs 79%, respectively).  This 
difference was largely due to 
lower SVR among genotype 3 
patients with high viral load. 
Treatment of genotype 3 with 
48 weeks of medication has 
been proposed for high viral 
load patients but still needs to 
be confirmed in prospective 
studies.  Among patients with 
genotype 1, there was a clear, 
almost linear response, with 
the best response rate among 
patients who received PEG-IFN 
and weight-based ribavirin for 
48 weeks.  There was an 11% 
lower rate of SVR among those 
who received flat-dose rather 
than a weight-based ribavirin 
dose.7  This study, among oth-
ers, supports the use of PEG-IFN 
and weight-based ribavirin 
dosing for 48 weeks for patients 
with genotype 1 HCV. Short term 
therapy of 12, 14 or 16 weeks 
is now being considered by a 
variety of specialists.12;13

A preliminary study presented at 
the 2004 American Association 
for the Study of Liver Dis-
eases meeting suggested that 
prolonged therapy may increase 
SVR among patients with a 
“slow” or “delayed” virologic 
response. Sanchez-Tapias et 
al. randomized patients with 
detectable virus after 4 weeks 
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of therapy to 48 or 72 weeks of 
therapy. The SVR was supe-
rior among patients who had 
received the longer duration of 
therapy (46% vs 32%) due to a 
reduced relapse rate.31

A preliminary study presented at 
2005 Digestive Disease Weekly 
meeting suggested that high 
dose retreatment with PEG-IFN 
may increase SVR.  Gross et al. 
randomized 650 patients to re-
ceive PEG-IFN at  0.5 ug/kg, 1.5 
ug/kg or 3.0 ug/kg.  Incremental 
SVR increases were reported in 
the three groups (4%, 7% and 
11% respectively).14

Hematologic 
Complications of 
Today’s Treatments
Cytopenias are among the 
most common complications of 
interferon and ribavirin combi-
nation therapy. These include 
neutropenia, thrombocytopenia 
and anemia. 

Neutropenia 

Neutropenia is generally defined 
in many trials as an abso-
lute neutrophil count of less 
than 750. The cause is usu-
ally IFN-induced bone marrow 
suppression.  PEG-IFN causes 
more neutropenia than standard 
IFN. The clinical significance of 
neutropenia associated with IFN 
therapy is unclear.  A study from 
the NIH suggested that low neu-
trophil counts in patients being 
treated with interferon were not 
associated with an increased 
incidence of infections.15  A 
second study published in 
abstract form by Jacobsen et 
al. examined the data on more 
than 4,000 patients treated with 
PEG-IFN alfa-2b and ribavirin. 
This study, entitled the “WIN-R” 
trial, found that infections were 

reported in only 30 patients 
(0.7%).  Serious infections were 
not associated with low absolute 
neutrophil counts.  Based on 
these data, the investigators 
suggested relaxing the criteria 
for dose reduction of PEG-IFN.16 
Instead consideration should be 
given to using the growth factor 
for white blood cells (GCSF) to 
treat the neutropenia, rather 
than lowering the dose. Al-
though GCSF is not specifically 
indicated for treatment of neu-
tropenia associated with PEG-
IFN therapy, GCSF at a dose 
of 300 mcg subcutaneously 3 
times weekly may be considered 
for maintenance of neutrophil 
counts during therapy.  The use 
of this agent could occur when 
dose reductions with the pack-
age insert suggest changes, or 
at an ANC of 250 in patients 
without cirrhosis or 500 in pa-
tients with cirrhosis, to be more 
conservative with GCSF use.

Thrombocytopenia

Thrombocytopenia, defined 
as platelet count of less than 
75,000 is another problem seen 
with PEG-IFN therapy and is 
also related to IFN-induced bone 
marrow suppression.  Rustgi 
et al. authored a brief report 
addressing the role of oprelvekin 
(recombinant IL-11), the growth 
factor for platelets, to support 
thrombocytopenia associated 
with PEG-IFN therapy.13  The 
main side effect of oprelvekin 
is edema, which frequently re-
quires diuretic therapy. However, 
it is the opinion of many experts 
that thrombocytopenia due to 
PEG-IFN therapy is rarely asso-
ciated with any clinical mani-
festations.  Even patients who 
have very low platelet counts 
appear to do well with PEG-IFN. 
An alarm level of platelets at 
20,000 should prompt immedi-
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ate therapy discontinuation in 
any patient, and dose reduc-
tion or very close laboratory 
monitoring at a platelet count of 
30,000.

Anemia

Hemolytic anemia related to 
ribavirin is the major hematolog-
ic complication associated with 
the treatment of HCV.  The onset 
of anemia is observed very 
soon after initiating therapy; the 
greatest decrease in hemoglobin 
is noted approximately 4 to 6 
weeks into the course of thera-
py.  The decrease in hemoglobin 
level is generally in the range of 
2.5g/dL to 3.0 g/dL; however, 
hemolytic anemia may be much 
more severe.  The etiology of 
hemolysis related to ribavirin 
is caused by direct cytotoxicity 
to erythrocytes; hemolysis may 
therefore reverse with discon-
tinuation of therapy.

Sulkowski and colleagues con-
ducted a retrospective analysis 
of anemia associated with riba-
virin therapy from 2 large stud-
ies of standard IFN and ribavirin 
combination therapy.17  A total 
of 595 patients were evaluated.   
The dose of ribavirin was 1,000 
mg per day or greater; interfer-
on dosage consisted of 4-weeks 
of therapy with 3 million units 
daily followed by three times per 
week with 3 million units three 
times per week.  Anemia was 
found to be very common in this 
population; over 30% of patients 
had a decrease in hemoglobin 
of ≥ 25% or greater.  Older age, 
renal function and hemoglobin 
level at baseline were factors 
associated with a significant de-
crease in hemoglobin.  Men had 
a greater reduction in serum he-
moglobin compared to women. 
A decrease in hemoglobin level 
of ≥ 3 g/dL was observed in 
40% of men.  Additionally, he-

moglobin levels in the “critical” 
range (<10 gm/dL) were more 
often observed in women. Dose 
reduction of ribavirin occurred in 
women 4 times more often than 
in men.17

A number of possible mecha-
nisms have been proposed to 
explain the hemolytic anemia 
caused by ribavirin. These in-
clude oxidative damage to eryth-
rocyte membranes as well as 
damage to mitochondria, which 
may be mediated by depletion 
of adenosine triphosphate (ATP). 
Ribavirin is concentrated in red 
blood cells, where it is phos-
phorylated via adenosine kinase 
to its monophosphate, diphos-
phate and triphosphate forms, 
which are the pharmacologi-
cally active compounds. These 
ribavirin-phosphate conjugates 
are trapped within erythrocytes 
as a mixture and are gradually 
cleared slowly from red cells 
(half-life of 40 days). Ribavirin 
is much more rapidly cleared 
from plasma (half-life 24 hours). 
Steady-state concentrations of 
ribavirin are achieved after 2 to 
4 weeks of treatment, at which 
time concentrations within red 
cells exceed plasma concen-
trations by a ratio of 60 to 1. 
De Franceschi and colleagues 
found that erythrocyte ATP levels 
were significantly decreased in 
the presence of RBV and basal 
hexosemonophosphate shunt 
(HMS) activity was increased, 
suggesting increased suscepti-
bility of erythrocytes to oxidative 
stress.18  Ribavirin therapy in 
patients with chronic HCV dem-
onstrated decreased activity of 
red cell Na+-K and increase in 
markers of oxidative stress such 
as malondialdehyde, reticulocy-
tosis and evidence of increased 
sequestration of red cells by the 
reticuloendothelial system.

Another recent study examined 
markers of oxidative stress 
among patients with HCV 
before and after treatment with 
ribavirin and in normal controls. 
Some of the patients also had 
concomitant G6PD deficiency.17 
Incubation of erythrocytes with 
dipyridamole (DPD), diethyl-
maleate (DEM) and glutathione 
ester (GSHE) showed that DEM 
augmented ribavirin-induced 
decrease in cellular glutathione, 
protein sulfhydrils, and osmotic 
resistance.  Coadministration 
of GSHE and DPD prevented 
the ribavirin-induced decrease 
in osmotic resistance, ATP, 
and 2,3-diphosphoglycerate 
and reduced oxidative stress, 
as demonstrated by improved 
protein stability, increased 
glutathione levels and formation 
of thiobarbituric acid reactive 
substances (TBARs), com-
monly used markers of oxida-
tive stress. The implications of 
this study are that erythrocyte 
antioxidant levels may influence 
ribavirin-induced cytotoxicity.

The Importance of QOL
The importance of adherence 
to treatment throughout therapy 
is probably the single-most 
important factor that may 
positively influence response.  
In particular, adherence during 
the first 12 weeks is critical, 
as well as the ability to deliver 
the optimal dose of ribavirin as 
demonstrated by Shiffman and 
colleagues.18  It is well recog-
nized that an important factor 
influencing adherence is the 
quality of life during therapy.  
Management of side effects, in 
particular the neuropsychiatric 
sequelae is important; manage-
ment of hematological compli-
cations is also critical because 
symptomatic anemia may result 
in significantly decreased quality 

of life during therapy and may 
lead to dose reduction or even 
discontinuation of therapy.

While it has generally been 
assumed that there is a direct 
relationship between the sever-
ity of side effects, quality of 
life, and, consequently, adher-
ence, resulting in a lower SVR, 
detailed studies examining these 
associations have been carried 
out only recently.19

The incidence of dose modifica-
tion due to anemia alone in the 
large multi-center trials was 
22% in a study led by Fried 
et al., and 9% in Manns et 
al.  However, it is important to 
remember that patients in the 
latter trial were given a lower 
dose of ribavirin than is currently 
used for genotype 1 disease. 
In a comparable large trial with 
PEG-IFN alfa-2b that compared 
viramidine to weight-based 
ribavirin, a comparable 25% 
of patients had a decrease in 
hemoglobin level to <10 g and 
would therefore have met crite-
ria for dose reduction according 
to the package insert.19

In clinical practice, dose reduc-
tion is often performed even if 
the hemoglobin has not reached 
a nadir level of 10 g, since many 
patients become symptomatic 
with anemia with a 3 g to 4 g 
decrease from a baseline value 
of 16 g to 17 g.  Addition of a 
growth factor to avoid dose re-
duction is becoming increasingly 
common, as the addition of epo-
etin alfa can reverse the anemia 
associated with ribavirin.19;20 
Ribavirin induces hemolysis by 
direct cytotoxicty to erythrocytes 
in a dose-dependent manner 
that is reversible with discon-
tinuation. The cause of anemia 
is the loss of a compensatory 
reticulocytosis due to ribavirin 
and bone marrow suppression 
by IFN or PEG-IFN. By promot-
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ing erythropoeisis, epoetin alfa 
therapy can overcome the effect 
of bone marrow suppression.

A recent controlled trial random-
ized patients with a decrease in 
hemoglobin to <12 g while on 
PEG-IFN/ribavirin therapy to re-
ceive epoetin alfa or placebo.21 
After 8 weeks of double blind 
treatment, all patients previously 
given placebo were crossed 
over to receive open-label 
epoetin alfa. The initial dose of 
epoetin alfa used was 40,000 
international units (IU) admin-
istered subcutaneously once a 
week.  The dose was titrated up 
to 60,000 IU if the hemoglobin 
did not respond within 4 weeks.  
The objective of the study was 
to determine whether the use 
of epoetin alfa in comparison 
to placebo was superior in 
allowing maintenance of the 
desired ribavirin dose, alleviated 
anemia and its symptoms and, 
in turn, improved quality of life.  
The researchers reported that 
ribavirin dose was maintained in 
a higher proportion of patients 
who received received epoetin 
alfa  (88% vs 60%) during the 
first 8-week period of treatment 
with PEG-IFN and ribavirin.  

The subsequent data from this 
study were recently published. 
The latter study found that 
even with a relatively short 
duration of epoetin alfa therapy, 
ribavirin dose was maintained 
throughout the entire duration of 
therapy. There was a significant 
change in the hemoglobin level 
only during the period of epoetin 
alfa treatment. Hemoglobin 
levels in the placebo group 
increased to levels comparable 
to the group receiving epoetin 
alfa after crossover to active 
treatment – the ribavirin dose 
was maintained despite this. 
Although the SVR was 8% 
higher in the treated group, the 
study was not powered to show 

a difference in SVR between 
treatment and placebo groups.

Another important endpoint 
in this study by Pockros and 
colleagues was the effect of 
epoetin alfa on quality of life.  
Health-related quality of life 
scores were significantly higher 
in the epoetin alfa patients, in 
particular the vitality scores. 
Nausea was reported more 
commonly by patients treated 
with epoetin alfa at a slightly 
greater rate in the treatment 
group than the placebo group.  
Otherwise, there was no differ-
ence in the incidence of side 
effects between the 2 groups.  
Pockros and colleagues em-
phasize caution to avoid high 
hemoglobin values with epoetin 
alfa because of the risk of cere-
bral or other thrombosis.22

The other concern regard-
ing the use of epoetin alfa is 
the development of pure red 
cell aplasia (PRCA). Two such 
cases have been reported in 
the United States associated 
with erythropoietin treatment in 
hepatitis C patients. The clinical 
signs included lack of response 
to epoetin alfa and progressive 
anemia. There was resolu-
tion of PRCA in both cases 
with discontinuation of epoetin 
alfa therapy.32  Pockros et al. 
recommended that ribavirin and 
erythropoietin therapy, as well 
as IFN should be discontinued 
in the setting of PRCA, in addi-
tion to follow up of reticulocyte 
count and testing for antibodies 
against red blood cells along 
with transfusions if necessary 
and consultation with a hema-
tologist.  The package inserts 
for epoetin alfa include a safety 
note to this effect.33  Pockros 
et al. found that, compared to 
placebo, epoetin alfa therapy re-
sulted in a significantly greater 
proportion of patients maintain-

ing their desired ribavirin dose.  
Treatment was associated with 
a higher hemoglobin and better 
quality of life.  Although epoetin 
alfa was well-tolerated in this 
study, the authors recommend 
that patients be monitored for 
the development of pure red 
cell aplasia and possible CNS 
effects during therapy and urge 
caution to avoid “overshooting” 
hemoglobin levels to higher 
than normal.
 
Current Treatment 
Challenges
The SVR with PEG-IFN/ribavirin 
therapy has increased greatly 
from the initial reports of 10% 
in 1990 to approximately 50% 
in the current era.  However, this 
leaves nearly one-half of the 
HCV population in the category 
of relapsers and non-respond-
ers.

A major challenge in the man-
agement of HCV is overcom-
ing treatment barriers among 
individual patients.  One major 
factor influencing response is 
the frequent presence of insulin 
resistance and hepatic steato-
sis among patients with HCV. 
Studies have suggested that it 
occurs in nearly one half of CHC 
patients.23  A large proportion of 
patients with hepatic steatosis 
are obese or have a body mass 
index >30. It is thought that 
non-alcoholic fatty liver disease 
(NAFLD) associated with obesity 
may be the major cause of liver 
disease in the United States 
and may become an important 
cause of morbidity and mortality 
from liver disease in the coming 
decades. NAFLD may interact 
negatively with HCV, results in 
faster progression of fibrosis 
and lowers response rates to 
treatment, although the exact 
mechanisms have not been fully 
elucidated.24

There is also evidence that HCV, 
particularly in patients with 
genotype 3, may independently 
lead to hepatic steatosis even in 
the absence of other risk factors 
for steatosis, such as obesity 
or type 2 diabetes mellitus.25;26 
Successful treatment in this 
setting may lead to resolu-
tion of steatosis. However, the 
presence of visceral obesity, as 
observed in patients with meta-
bolic syndrome and with a BMI 
>30 is associated with more 
advanced liver disease and 
lower response rates to therapy. 
Therefore, possible intervention 
for obesity and hepatic steatosis 
should be considered prior to 
initiating therapy.

Special Populations
In addition, certain groups have 
substantially lower response 
rates to the current treatment 
regimens including African-
American patients and HIV/HCV-
coinfected patients.27-29  HIV 
coinfection with HCV presents 
treatment challenges and is 
characterized by more aggres-
sive liver disease. Furthermore, 
SVR is generally lower among 
coinfected patients than among 
HCV mono-infected patients. 
The best current results are 
from the AIDS Pegasys Riba-
virin International Coinfection 
(APRICOT) trial, which reported 
a 40% SVR with PEG-IFN, 
compared to 20% in the control 
group, (usually a standard IFN 
and ribavirin treatment).30

African-American populations 
represent another challenging 
group with regard to PEG-IFN/
ribavirin therapy.  Two prospec-
tive trials so far have demon-
strated that using the same 
regimens, African-Americans 
respond only half as well to 
therapy as Caucasian patients 
treated with the same drug 



therapy. Factors associated with 
SVR include genotype, RNA lev-
els, histology, race, co-infection, 
and adherence. The response 
rates to re-treatment with PEG-
IFN/ribavirin are highly variable 
ranging from 4% to 13% of pa-
tients previously treated to 0% 
to 3% among African-American 
patients who previously did not 
respond to a course of therapy.

In summary, current therapies 
have provided unprecedented 
success in our ability to cure 
chronic hepatitis C viral disease, 
but therapy is not always a suc-
cess. Therefore, there remains 
an unmet need for other thera-
pies for such patients.  

Tomorrow’s 
Standard of Care?
Currently, there are new 
therapeutic approaches being 
investigated in an effort to aug-
ment SVR rates in all patient 
groups, especially those who 
currently have a poor response 
to therapy.  Several novel IFNs, 
interferon delivery systems, 
IRES inhibitors, ribavirin-like 
molecules, protease and 
polymerase inhibitors, newer 
immunomodulators, and other 
hepatitis C replication enzyme 
inhibitors are currently be-
ing studied in clinical trials. In 
addition, antifibrotic agents, 
caspase inhibitors and antibody 
therapies and vaccines are also 
under development.  

Conclusion
The treatment of chronic HCV 
has advanced greatly over the 
last 15 years.  SVR rates have 
increased almost 5-fold over the 
past decade such that overall, 
50% to 60% of patients with 
chronic HCV can expect an 
SVR with therapy. The current 

standard of care is PEG-IFN and 
ribavirin therapy, administered 
weekly for 48 weeks to patients 
with genotype 1 infection and 
for 6 months to patients with 
genotypes 2 and 3 infection. 
The importance of maintaining 
optimal doses of interferon and 
ribavirin for the defined duration 
of therapy has placed greater 
emphasis on adherence. There-
fore, management of neuropsy-
chiatric and hematologic com-
plications during therapy with 
antidepressants and growth 
factors has taken precedence to 
dose reduction. Epoetin alfa is 
effective in helping to maintain 
ribavirin dosage among patients 
with chronic HCV and has been 
shown to improve quality of life. 
There are now data to support 
that this strategy may be asso-
ciated with improved SVR rates, 
although very large licensing 
trials that would provide more 
definitive data are awaited to 
clearly demonstrate that the use 
of epoetin alfa improves SVR 
among patients being treated 
with PEG-IFN and ribavirin, and 
lead to more expanded use and 
easier reimbursement.

Please visit the HCV Advocate 
Web site’s The Medical Writers’ 
Circle article “Future Therapies 
for Hepatitis C” by Robert Gish, 
MD for more information on 
new therapeutic approaches.  
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