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ABSTRACT
An interventional open-label randomized study to evaluate the hematological effect and its reflection on virological
response of usage of erythropoietin analogues ‘Epoetin®’ in patients with HCV-treatment induced anemia with pegylated-
interferon & Ribavirin, which are still used in triple therapy after the widespread of Direct Acting Anti-viral (DAAs). 83
patients with HCV-treatment induced anemia were enrolled into two groups; group A (48): received Erythropoietin
analogues, and group B (35): received vitamin B & folic acid. Patients who achieved Hb≥12 gm/dl were 29 in group A
(60.42%) and 5 in group B (14.3%) with a very high statistical significance (p<0.001) for group A. The average Hb for
group A increased from 9.1 gm/dl to 12.0 gm/dl (32%), and for group B increased from 9.1 gm/dl to 10.3 gm/dl (13%)
(p<0.001). Moreover, week 72 PCR showed that 72.9% of patients were negative from group A, compared to 37.1% of in
group B (p<0.001). The adverse event due to Epoetin was mostly bony pain (8.4%). None of the adverse events due to
Epoetin were severe or serious. Epoetin® markedly improved anemia in patients receiving IFN.RBV with less treatment
discontinuation and higher SVR and was proven to be safe.
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INTRODUCTION
The current standard of care for chronic HCV infection
has changed starting from 2014, by the introduction of
Sofosbuvir, either with Ribavirin (RBV) for 6 months, or
with Interferon and Ribavirin (IFN-RBV) for 3 months for
patients with genotype 4. In this study the standard care
used was the combination of Pegylated-interferon Alpha
and Ribavirin, which was used until mid-2014. The goals
of treatment of chronic HCV infection are: To achieve
sustained eradication of HCV (i.e., sustained virological
response [SVR]), defined as the persistent absence of
HCV RNA in serum for 6 months or more after
completing antiviral treatment, and preventing progression
to cirrhosis, hepatocellular carcinoma, and decompensated
liver disease requiring liver transplantation[1-6].
Approximately 75% of HCV patients during treatment
experience one or more of the adverse effects which are
common with interferon and Ribavirin combined therapy.
Anemia is considered one of the most clinically significant
side effects of therapy, particularly in patients with
conditions that can be exacerbated by anemia, such as
coronary artery disease or chronic obstructive pulmonary
disease. Ribavirin causes dosage-dependent hemolytic
anemia, and interferon can suppress bone marrow
production of red blood cells. This results in anemia, likely
in >20% of patients treated with pegylated interferon and
ribavirin at 1,000-1,200 mg/day [7].
Management of treatment-induced anemia
Dosage reduction in Ribavirin is the first step in managing
symptomatic drug induced anemia. Because the efficacy
of Ribavirin is dosage related in part, doses should be
maintained at 800 mg/day or more if possible.

Manufacturer guidelines recommend reducing ribavirin
dosage by 25% with hemoglobin <10 g/dL, and
discontinuing ribavirin with hemoglobin <8.5 g/dL. [8]

Since it is recommended to administer at least 80% of the
RBV dose and in order to minimize the dose reduction we
need to control the anemia, as patients can’t receive or
continue IFN. RBV treatment while they are anemic.
Subcutaneous injections of recombinant erythropoietin
(e.g., Epoetin Alfa 20,000-40,000 units weekly or
DarbEpoetin 200-300 mcg every other week), can be used
to treat anemia due to Ribavirin[9]. Erythropoietin is a
glycoprotein hormone which is mainly synthesized in the
renal cortex, and to an extent in the liver. Erythropoietin
controls erythropoiesis; since the production of
erythropoietin occurs in response to blood oxygen reduced
availability leading to the up regulation of red cell
production. There are three erythropoietic agents that are
currently available: Epoetin alpha, Epoetin beta and
darbEpoetin alpha. Recombinant human erythropoietin
(Epoetin alpha) is the genetically engineered form of the
hormone erythropoietin (Epoetin®)[10], which was used in
this study. Erythropoietin will still have a role in drug
induced anemic patients in IFN based regimens to achieve
the sustained viral response.
Although HCV treatment has shown advances, the
Interferon Ribavirin combination (the main line treatment
for HCV at time of study) has numerous side effects;
depression, flu-like symptoms, fatigue, and hematological
complications, such as thrombocytopenia, anemia, and
neutropenia. The World Health Organization defines
anemia as Hemoglobin levels <13g ⁄dL in men and
<12g⁄dL in women. Anemia occurs in up to 36% of
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patients receiving Pegylated-interferon and Ribavirin
combination therapy [11, 12]. Furthermore; anemia has been
identified in 30% -70% of patients with chronic liver
disease [13] which usually necessitates dose reduction in up
to 32% of the patients. However, the European
Association for the Study of the Liver (EASL) guidelines
2014 state that IFN will still be used with the DAAs.
The objective of this study is to evaluate the hematological
effect and its reflection on virological outcomes of usage
of erythropoietin ‘Epoetin®’ analogues in patients who
develop anemia during treatment of chronic HCV with
pegylated-interferon & Ribavirin.

METHODOLOGY
The study was an interventional open-label randomized
study performed at the Viral Hepatitis Center of Al Kasr
Al-Ainy School of Medicine - Cairo University in Egypt.
83 patients with treatment induced anemia were enrolled
in the study between November 2011 and February 2013
and their serum Hb level was evaluated weekly.
The 83 patients randomly chose folded paper with their
group number, and were enrolled into two groups
accordingly; the group was documented by the
investigator.
Group A (48 patients; 8 males & 40 females): received
erythropoietin analogues (Subcutaneous injections of
Epoetin® 20,000-40,000 units weekly). The dose was
given per body weight (300 IU/kg body weight) and
adjusted as per hemoglobin level.
Group B (35 patients; 14 males & 21 females): received
vitamin B & folic acid and were managed by up to 25%
dose reduction of Ribavirin and/or Interferon or treatment
discontinuation.
Vitamin B & folic acid; folic acid (5 mcg) tablets was
administered once daily, and vitamin B complex injections
every other day.
Investigational drug (Epoetin®)
Erythropoietin analogue; subcutaneous injections of
Epoetin® 300 IU/kg body weight, twice weekly were
administrated to patients with a Hemoglobin level ≤10
gm/dl.
Hemoglobin was measured weekly; if hemoglobin level
was 12 gm/dl or above; erythropoietin was stopped after a
maintenance dose of 300 IU/Kg once weekly for two
weeks, and if the hemoglobin level drops to less than 10
gm/dl; erythropoietin was re-administrated again as
described above. The planned duration of treatment was
variable according to hemoglobin level with a maximum
of 48 weeks.
Patients were examined clinically with lab follow up
(hematology and blood chemistry) and HCV RNA at week
12, week 24, week 48 and week 72 of treatment for viral
response.

Inclusion criteria: Signed informed consent, all chronic
HCV patients eligible for the national Interferon &
Ribavirin therapy program who developed anemia
(Hemoglobin level ≤ 10 gm/dl) during the course of
treatment.
Exclusion criteria: Patients with chronic renal failure,
patients with primary hematological diseases and patients
with known hypersensitivity to mammalian cell derived
products or known hypersensitivity to albumin.
The patients’ outcomes were evaluated upon the
following parameters:
Primary Efficacy Parameters: The percentage of
patients who completed 48 weeks of HCV treatment and
its reflection on SVR rate.
Secondary Efficacy Parameters: The percentage of
patients who achieved Hb >=12gm/dl.  Also, the achieved
Hb level compared to the baseline and duration taken.
Primary Safety Parameters: The incidence of Adverse
Events (AE) and Serious Adverse Events (SAE) in both
groups.
Secondary Safety Parameters: The laboratory results for
hematology and biochemistry.
In both groups either the Erythropoetin or vitamins, we
started intervention by ribavirin dose reducation if after
one week the HB continued to drop.
Statistical analysis
Analysis was performed using descriptive statistics for
numeric continuous variables (mean, standard deviation,
standard error of the mean, minimum, median, and
maximum) and frequency distribution for categorical
variables (count and percentage). T-test was used to obtain
p value for numeric continuous variables, and Chi Square
test was used to obtain p value for categorical variables.

RESULTS
The mean age of patients for groups “A” and “B” was
45.74 and 45.87 years respectively. Group “A” ranging
from (23.79-61.28) years old, and mean age for group “B”
ranging from (45.87-61.28) years old.
The mean study duration were 20.4 ±15.0 and 12.4 ± 13.2
weeks for group A and group B, respectively, showing a
high significant result (p-value 0.005) for group A.
Efficacy
The percentage of patients who completed week 48 were
81% from group A and 74% from group B, showing a
non-significant statistical result, p value is 0.447 as seen in
table 1. The difference in SVR between both groups can
be explained through that the high relapse rate of patients
of group B may be due to interferon and ribavirin dose
reduction after the 24th week so HCV RNA positivity was
at end of treatment or during follow up.

TABLE 1: % of Patients who completed week 48

Values Group A (%) Group B (%) Chi-test
Pts. Completed 48 W 39 (81%) 26 (74%) 0.447
Pts. didn't Complete 48 W 9 (19%) 9 (26%)
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The number of patients achieving Hb >= 12 gm/dl were 29
from group A (60.42%) and the average duration to
achieve the Hb level was 19.78 weeks, while only 5 from
group B (14.3%) achieved Hb >= 12 gm/dl and the
average duration was 28.23 weeks. These results show a
very high statistical significance (p < 0.001) for group A,
p-value < 0.001 (Fig.2).
Table 2 illustrates the difference in Hb between the first
and last visit; the mean Hb in visit 1 for group A was 9.1
gm/dl which increased to 12.0 gm/dl during the last visit

(32% increase), and the average Hb in visit 1 for group B
was 9.1 gm/dl increased to 10.3 gm/dl (13% increase),
showing a very high statistical significant value (p <
0.001). The RBCs count also showed a very high
significant result (p < 0.001) for group A.
Week 72 PCR was measured for both groups; it showed
that 72.9% of patients were negative from group A,
whereas only 37.1% of patients were negative from group
B, showing a very high statistical significant value (p <
0.001) for group A.

TABLE 2: Hemoglobin level in last visit compared to first visit
Values Group A (n=48) Group B (n=31) P<0.05

V1 VL V1 VL
HB at 1st and
Last visit

Mean ± SD 9.1 ± 0.6 12.0 ± 1.5 9.1 ± 0.6 10.3 ± 1.2 < 0.001
Range 7 - 10.2 8.6 - 15.7 7.9 - 10.7 8.7 - 13.1
VL-V1 2.88 1.22
% change 32% 13%
p- value < 0.001 < 0.001

RBCs*10^6 Mean ± SD 3.4 ± 0.5 3.6 ± 0.7 3.2 ± 0.4 3.4 ± 0.4 < 0.001
Range 2.7 - 4.9 3.0 - 5.4 2.9 - 3.8 3 - 4
% change 7% 5%

Safety
Regarding the primary safety parameters of the study,
table 3 shows the adverse events incidence rate in both
groups; 11 (22.9%) from group A and 2 (5.7%) from
group B, conveying a significant result (p-value 0.0332) in
group A. The AEs due to Epoetin® were bony pains
(8.4%), headache (1.2%), myalgia (1.2%), skin rash
(1.2%), and increase in blood pressure (BP) (1.2%). Other
AE’s were abdominal pain, insomnia, pancytopenia, acute
bronchitis, and diarrhea. None of the adverse events due to
Epoetin® were severe. As for ribavirin dose reduction; in

the Epoetin® group this was needed for two patients (800
mg), while 8 patients in the vitamin group had Ribavirin
dose lowered to 600 mg. The adverse events due to
IFN.RBV occurred to 6 patients from group A and 2
patients from group B. Only one adverse event
(pancytopenia) was severe (in group B patient), which led
to discontinuation of the national program for HCV.
Moreover, 64.7% of the adverse events from group A were
drug (Epoetin®) related, whereas, in group B; 100% of the
adverse events were IFN.RBV related. There were no
serious adverse events reported during this study.

TABLE 3: Overall Adverse Events in the studied groups
Values Epoetin IFN.RBV

Group A (%) Group A (%) Group B (%)
Bony Pains 7 (8.4%) 1 (1.2%) 0 (0%)
Increased Blood pressure 1 (1.2%) 0 (0%) 0 (0%)
Skin Rash 1 (1.2%) 0 (0%) 1 (1.2%)
Myalgia 1 (1.2%) 0 (0%) 0 (0%)
Headache 1 (1.2%) 0 (0%) 0 (0%)
Abdominal pain 0 (0%) 1 (1.2%) 0 (0%)
Insomnia 0 (0%) 2 (2.4%) 0 (0%)
Pancytopenia 0 (0%) 0 (0%) 1 (1.2%)
Acute Bronchitis 0 (0%) 1 (1.2%) 0 (0%)
Diarrhea 0 (0%) 1 (1.2%) 0 (0%)
Grand Total 11 (13.2%) 6 (7.2%) 2 (2.4%)

TABLE 4: Sample Disposition

As for study completion; 45
patients (93.8%) completed the study from group A and 34

Number of Patients
Enrolled 83
Completed 79
Discontinued 4
Main Reasons for Discontinuation
Lost to Follow Up 1
Adverse Event(s) 2
Unsatisfactory Therapeutic Effect to
INF/RBV

1
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patients (97.1%) from group B. Four patients didn’t
complete the study due to various reasons; one patient
(group A) lost to follow up, 2 patients stopped IFN due to
adverse events (one from group A due to bony pains &
one from group B due to pancytopenia), and one (group A)
due to unsatisfactory therapeutic effect to IFN at week 12,
as seen in table 4.

DISCUSSION
Although the standard care for HCV treatment is
changing, due to the widespread use of Direct Acting
Anti-viral (DAAs), however IFN & RBV still has a role in
the triple therapy, (IFN-α and RBV) contribute to the
etiology of the induced anemia, it is called ‘mixed
anemia’.  Dose dependent hemolytic anemia results from
use of RBV and IFN induces anemia by suppression of
erythropoiesis, possibly as a result of down-regulation of
erythropoietin receptors[13-15]. Previous studies have shown
that IFN-related leukopenia and thrombocytopenia, and
Ribavirin- related hemolytic anemia and decreased Health
Related Quality of Life (HRQL) are reasons often cited by
patients for the discontinuation of combination therapy or
dose reduction[11,12,16,17].
Patients randomized for vitamins and dose reduction of
RBV did not complete the study after enrollment and
randomization, as they did not have satisfactory increase
in their daily activity or HB level, so 35 patients only in
group B while 48 patients from group A continued the
study.  It was seen in a multicenter retrospective study
including 441 patients, aimed at assessing the real world
discontinuation rates of IFN-α/RBV combination therapy
it was discovered that 108 (24.5%) of the patients
discontinued due to adverse events, and anemia
represented about one-third of these patients. This was less
than the 27% discontinuation rate seen in other
randomized studies[18] , bearing in mind those studies were
on different HCV genotypes. Erythropoietin (Alfa
Epoetin) was shown to increase hemoglobin levels during
Ribavirin administration, allowing maintenance of the
Ribavirin dose, and to improve HRQL during therapy,
principally by reducing fatigue due to anemia[19-23].
Dieterich et al. [24] demonstrated that Epoetin alpha is well
tolerated and maintained Ribavirin dose at 800 mg/day for
83% of patients. It was seen that erythropoietic agents are
effective in the management of anemia, minimizing
ribavirin dose reduction, and can improve the quality of
life of HCV patients; however studies haven’t examined
their impact on SVR.16

The average hemoglobin level was increased by 32% in
group A patients (receiving Epoetin®), while was
increased by 13% in group B patients (who received
vitamins with reduction and/or discontinuation of
interferon/Ribavirin therapy). The difference between the
2 groups was very high statistically significant, p-value <
0.001 and 0.003, respectively.
Not only was the hemoglobin level increased in the current
study, but also the RBCs count showed a very high
significant result (p < 0.001) between the two groups;
group A showed an increase by 7% and group B a 5%
increase.
Out of the patients who completed HCV treatment, the
week 72 PCR results were negative in 72.9% of group A

and in only 37.1% of group B. This favors the effect of
treating drug-induced anemia in the sustained virological
response of treatment. In another prospective, double-
blind, placebo controlled trial conducted in the USA, a
significantly greater percentage of patients treated with
erythropoietin were able to receive 80% or more of their
target Ribavirin dose, had a significantly greater
cumulative Ribavirin exposure, and reported a
significantly better quality of life[25-26]. A significant
reduction in relapse and increase in SVR were also
observed in those patients who received a higher starting
dose of Ribavirin along with erythropoietin in the current
study. 23

Regarding the safety, the most common adverse event due
to the study drug (Epoetin®) was bony pains with
incidence of 8.4% of the sample size, which was managed
by either administering a concomitant medication or no
action was taken because of their mild nature. No serious
adverse events were reported during the study due to
Epoetin®.

CONCLUSION
Epoetin® is proved to be significantly effective to achieve
Hemoglobin level of 12gm/dl and to reduce treatment
discontinuation rate in treatment induced anemia in HCV
patients who received National Program’s Interferon/
Ribavirin’s treatment in Egypt and to increase SVR for
patients with drug induced anemia.
Epoetin® is proved to be safe.
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