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Background : Erythropoietin (EPO) is a glycoprotein hormone that
regulates red blood cells production (erythropoiesis). It is commonly used in
anemia which occurs in approximately 10% up to 30% of patients receiving
hepatitis C antiviral therapy. Aim of the study: The aim of this work is to
determine the value of serum EPO level in patients with and without anemia
associated with hepatitis C antiviral treatment{pegylated interferon(PEG-
INF) and ribavirin (RBV)} to clarify its role in those patients.

Subjects and methods: This study included 75 subjects who were
subdivided into the following subgroups; Group I; 15 non-anemic chronic
HCV patients and not receiving anti-viral therapy, Group II; 15 anemic
chronic HCV patients and not receiving anti-viral therapy, Group III; 15 non-
anemic chronic HCV patients and under anti-viral therapy, Group 1V; 15
anemic chronic HCV patients and under anti-viral therapy and Control
group; 15 healthy volunteers with matched age and sex. All studied
individuals were subjected to detailed history taking, thorough physical
examination, abdominal ultrasonography and routine laboratory
investigations before combined treatment with PEG-INF and RBV for HCV.
Estimation of EPO in serum was done by IMMULITE.

Results: This study revealed that serum EPO level didn't show significant
difference as regards gender (28.54+11.83 in males Vs 29.81+11.44 in
females, P-value = 0.68). Statistically significant higher levels of serum EPO
was found in patients when compared to controls and in treated patients
when compared to untreated patients (P- value < 0.001). The highest levels
were found in Group IV, while the lowest levels were found in Group I.
Negative correlation was found between serum EPO and HB% levels in
anemic patients (treated or untreated).

Conclusion: Chronic liver disease by HCV does not affect the physiological
EPO response to anemia. Serum EPO level was significantly higher in
chronically infected patients with HCV compared with healthy control group.
Also, serum EPO level increased in anemic more than non-anemic patients
specially when treated with PEG-INF and RBV.
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Introduction

Erythropoietin is a glycoprotein hormone that regulates red blood cell production (erythropoiesis) by
binding to receptors on committed progenitor cells in the bone marrow and other hematopoietic tissues,
resulting in proliferation and terminal maturation of erythroid cells [1].

Erythropoietin is primarily synthesized in the kidneys by peri-tubular fibroblast. Liver is the main
extra-renal site of EPO production, around 10% - 20% of the circulating EPO is produced by hepatocytes,
Kupffer cells and other cells as lipocytes, stellate cells or perisinsoidal cells [2].

Combination therapy for HCV infection with PEG-INF and RBV can be associated with a potentially
dose-limiting haemolytic anemia. Correcting or preventing the anemia by modifying the dose of RBV is not
an optimum approach because it can significantly compromise sustained virologic response (SVR) rates [3].

Erythropoietin concentrations are inversely related to hemoglobin concentration, ranging from
approximately 10 mU/mL in non anemic conditions up to 10,000 mU/mL in severe anemia [4]. So, this study
was conducted to determine the value of serum EPO level in patients with and without anemia associated with
hepatitis C antiviral treatment to clarify its role in those patients.

Subjects and methods:

This study was carried out in Internal medicine, Tropical medicine and Clinical pathology departments,
faculty of medicine, Zagazig university during the period from September 2011 to October 2012.This study
included 75 subjects who were divided into 4 patient groups with matched child scores and a control group :

Group I : 15 chronic hepatitis C patients who were non-anemic and not receiving anti-viral therapy.

Group IT  : 15 chronic hepatitis C patients who were anemic and not receiving anti-viral therapy.

Group III : 15 chronic hepatitis C patients who were non-anemic and under anti-viral therapy with RBV and
PEG-INF.

Group IV : 15 chronic hepatitis C patients who were anemic and under anti-viral therapy with RBV and
PEG-INF

Control group : 15 healthy volunteers with matched age and sex.

After an informed consent, all the studied individuals were subjected to detailed history taking,
thorough physical examination, abdominal ultrasonography and laboratory investigations including {CBC,
LFT, KFT, fasting blood sugar (FBS), Anti HCV antibodies, PCR for HCV RNA, HBVs Ag, o-Fetoprotein
(AFP) and antinuclear antibodies (ANA). In addition, EPO serum level was estimated by IMMULITE which is
a solid-phase, chemi-iluminescent immune-metric assay system [5].

Exclusion criteria:

Patients chronically infected with HCV with liver cirrhosis, other causes of hepatitis rather than HCV,
renal failure, hepatocellular carcinoma (HCC), cardiac diseases, lung diseases, smokers, hypertension, diabetes
mellitus, other causes for tissue hypoxia rather than anemia or bone marrow diseases were all excluded from
this study.

Statistical analysis:

Data were collected and analyzed with Special Package for Social Science (SPSS) version 20. Data
were expressed using descriptive statistic (mean and standard deviation, median and range, frequency and
percentage and were analyzed using "t" test and chi-square tests. One way Analysis Of Variance (ANOVA)
was done to compare different parameters between more than two groups. Correlation was done using
Pearson correlation test. P-value < 0.05 was considered as significant and P-value < 0.001 was considered as
highly significant.
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Results:

Table (1): Regarding age and sex, there was no statistically significant difference between the studied
groups (P-value was 0.85 and 0.79, respectively).

Table (2) showed that there were high significant differences between the studied groups as regards
HB%, RBCs and serum albumin (P-value < 0.001), and significant differences between the studied groups as
regards SGPT, SGOT, PT, a-Fetoprotein and blood urea (P-value <0. 05). While no significant differences
were found between the studied groups as regards WBCs, platelets, total bilirubin, serum creatinine and FBS
(P-value > 0.05).

Table (3) showed that serum EPO level differed significantly among the studied groups of patients (P-
value < 0.001). The highest levels were found in Group IV, while the lowest levels were found in the control

group.

Table (4) showed that there was a significant positive correlation between serum EPO level and the
following parameters: Serum albumin, AFP and blood urea, while a significant negative correlation was recorded
between serum EPO level and HB. No significant correlation was found between serum EPO level and the
following parameters: RBCs, WBCs, platelets, SGPT, SGOT, total bilirubin, PT, serum creatinine and FBS.

Table (5) showed that there were significant differences in comparing any of the studied groups of patients as
regards serum EPO level except for Group II and Group III; there was no significant difference between them.

Table (6) showed that there was a highly significant difference of serum EPO level between patients
and control group (P-value < 0.001). Also there was a highly significant difference of serum EPO level
between treated and untreated patients (P-value < 0.001). Treated patients had a higher serum EPO level than
untreated.

Table (1) : Demographic data of studied patient groups and control group.

Item Control Group | Group 11 Group 111 Group IV P
group value
Age (year)
Range 21-61 28-53 29-52 29-53 32-56 0.85
Mean + (SD) | 41.26+13.45 | 41.33+8.13 | 41.53 +6.65 40.93 +7.85 44.20+6.03 NS
No | % | No| % [ No| % | No | % [Nno| % P
value
Gender
Male 8 53.3 9 60.0 9 60.0 11 73.3 8 53.3 0.79
Female 7 46.7 6 40.0 6 40.0 4 26.7 7 46.7 NS
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Table (2): Laboratory data of the studied groups.

Item Control Group | Group 11 Group 11 Group IV P
group value
HB (g/dl) 13.448 13.3+0.87 10.3+0.6 13.3+0.9 10.1+0.7 <OHOS°1
RBCs <0.001
a0 mm’) 4.8+0.5 4.6+0.4 3.8+0.3 4.8+0.3 3.8+0.2 s
WBCs 0.079
(0% mm® 5.5+0.8 5.2+0.9 5.6+1.3 4.9+0.6 4.5+0.8 NS
Platelet 0.051
A0 M) 298.2454.6 | 202.0+33.3 | 242.3+49.6 | 218.4+51.2 | 163.6215.7 Ne
SGPT (UIL) 19.4+52 | 394+147 | 34.4+147 | 200:237 | 38.4+22.23 0'209
SGOT (U/L) 21.6+4.1 37.0+14.9 | 346137 | 39.4:24.2 | 38.3+226 0'244
rotal Bilirubin 175,018 | 0924036 | 11406 | 088032 | 098036 | 2999
mg/dL) NS
Albumin (g/L) 4.08+0.39 | 4.32:+055 | 4.46x0.38 | 4.74+0.28 | 4.610.25 <0H0501
PT (Seconds) 116+05 | 127+14 | 131413 | 126+12 | 132+11 0.54
AFP 32.746.4 32.848.1 37.7+4.2 39.5+7.1 39.9+4.9 0'%02
Blood urea 31.4+4.6 30.445.2 34.645.5 35.245.4 36.6+4.5 0.006
(mg/dL) S
Serum 0.865
creatinine 0.85+0.16 | 0.83+0.22 | 0.87+0.24 | 0.91+0.17 | 0.90+0.20 Ne
(mg/dL)
FBS 93.248.2 95.3+17.3 | 102.6+16.4 | 104.1+27.5 | 104.1+275 0523
Table (3): Serum EPO level (mU/ml) among studied groups.
Serum EPO (mU/ml)
Item mean value + SD (Range) F P- Value
Control group 8.14 + 3.6 (3.6 — 13.6)
Group | 19.32 + 5.6 (12.6 - 31.2)
Group Il 26.97 + 8.8 (14.8 —41.3) 26.94 | <0.001 HS
Group I 31.48 6.9 (18.5 _ 43.2)
Group IV 38.36 + 14.3 (19.2 -72.6)
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Table (4): Correlation between serum EPO level (mU/ml) and some laboratory parameters.

Item R P value
HB -0.30 0.020 S
RBCq -0.142 0.281 NS
WBCsq -0.239 0.066 NS
Platelets -0.216 0.097 NS
SGPT 0.073 0.578 NS
SGOT 0.114 0.387 NS
Total bilirubin 0.192 0.141 NS
Serum albumin 0.358 0.005 S
PT 0.073 0.582 NS
AFP 0.454 <0.001 HS
Blood urea 0.354 0.006 S
Serum creatinine 0.218 0.101 NS
FBS 0.181 0.166 NS

Table (5) : Least significance difference (LSD) for serum EPO level (mU/ml) among the studied groups of
patients and control group.

Group Control group Group | Group Il Group 111

Group | <0.001 HS

Group Il <0.001 HS <0.05S

Group 11 <0.001 HS <0.001 HS >0.05 NS

Group IV <0.001 HS <0.001 HS <0.001 HS <0.05 S
Table (6): Serum EPO level among patients and control & treated and untreated patients.

Parameter Serum EPO level P

(mU/ml) Value

Patients (N= 60) 24.85 + 13.44

Control (N= 15) 8.14 + 3.67 <0.001 HS

Treated patients (N= 30) 34.92+11.58

Untreated patients (N= 30) 23.14 +8.26 <0.001 HS

NS=Non significant. S= Significant. HS=Highly significant.

Discussion:

Anemia is a multi-factorial complication of chronic liver disease. It occurs due to impaired iron
reutilization, low-grade haemolysis, shortened red blood cell life span, hypo-secretion of EPO and tissue hypo
responsiveness to EPO. This is secondary to the action of inflammatory cytokines which among other effects
increase the production of hepcidin, an iron regulatory hormone synthesized predominantly in the liver. Some
reports have shown inadequate hepcidin expression in chronic hepatitis C facilitating the iron deposition in
the liver. Portal hypertension may be associated with chronic blood loss into the gut with development of
chronic iron deficiency anemia [6,7].
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The use of recombinant human EPO is recommended as adjuvant therapy during PEG-IFN and RBV
therapy. It is a physiological endogenous erythroid growth factor, it cannot be disputed that EPO improves
hemoglobin levels in the setting of HCV treatment [8].

Barsoum et al. [9] concluded that plasma EPO level increased in patients with liver cirrhosis than normal
level and was directly related to the severity of liver cirrhosis especially when associated with functional renal
impairment. But, increased level of EPO cannot compensate for anemia during the progression of liver
cirrhosis.

This study revealed a non-significant difference of serum EPO levels between the studied groups as
regards age and gender. Similar results were obtained by Louis et al. [10] who found no difference in
endogenous EPO-stimulated red blood cell volume expansion between males and females.

Our study reported statistically higher levels of serum EPO in patients when compared to controls and in
treated patients when compared to untreated patients; it differed significantly among the studied groups of
patients (P-value <0.001) (Tables 5 and 6). Mihaila and his colleagues mentioned that chronic infection with
HCV is associated with the production of serum and intra-hepatic inflammatory cytokines. The increased release
of the pro-inflammatory cytokines determines the augmentation of the EPO synthesis [11-13].

Also this study revealed that, higher levels of EPO were found in anemic patients with chronic HCV
infection when compared with those who were non-anemic and the controls. This was in agreement to Bruno
et al. [14] who stated that anemic patients with chronic hepatitis C infection had higher serum EPO level than
non-anemia and serum EPO level was significantly lower in healthy subjects than chronic HCV infected
patients.

In this study, group IV had the highest levels of serum EPO. This goes well with the study done by
Kowdley [15] who stated that the etiology of anaemia induced by HCV combined therapy is multifactorial. It
is a "mixed anaemia" in which both haemolysis by RBV and bone marrow suppression by PEG-INF occur
simultaneously and there was no correlation between serum EPO level and duration of therapy.

Interestingly, the present study didn't show significant difference in serum EPO levels between group II
and group III, and showed a negative correlation between serum EPO and HB levels among the other studied
parameters. In contrast, Siciliano et al. [16] found that EPO values were not related to the degree of both HB
concentration or the severity of liver dysfunction in chronically HCV patients. However in the present study, we
didn't determine its relation to the severity of hepatic dysfunction as all patients had matched Child scores. This
discordance could be due to different population size and the allocation of patients in subgroups.

Considering that RBV is concentrated in erythrocytes and has a long half-life of 40 days resulting in
oxidative damage to the red cell membrane and hemolysis. Anemia results when erythrocytes are destroyed
faster than erythropoiesis can compensate [16-18]. Several questions can arise in the minds of clinicians when
faced with potential new drugs including efficacy and the cost-benefit ratio. Medhat and Yousri [19] reported
that pentoxifylline and vitamin E can ameliorate RBV-induced haemolysis; improve compliance and virologic
clearance when combined with the standard antiviral therapy in patients with chronic hepatitis C. Also,
erythropoietin, which is not approved by the U.S. Food and Drug Administration (FDA) for use in patients
with HCV infection, adds another parenteral drug to the treatment regimen, and is associated with additional
costs, inconvenience, and potential side effects [20].

So, it is recommended to redirect the future studies of large number of patients towards other
alternative adjuvant therapies for anemia associated with combined treatment with PEG-INF and RBV for HCV
patients; also, we should look for other factors that may cause anemia such as patient iron profile and bone
marrow capacity.

Finally, we can conclude that chronic liver disease by HCV does not affect the physiological EPO
response to anemia. Serum EPO level was significantly higher in chronically infected patients with HCV
compared with healthy control group. Also serum EPO level increased in anemic more than non anemic
patients specially when treated with PEG-INF and RBV. Reflecting that the rationale for EPO treatment of
anemia in those patients is not straight forward.
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