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Introduction:

Introduction: This study was designed to find out if serum ferritin can be
used as a predictor of treatment outcomes in chronic hepatitis C patients
treated with interferon—ribavirin combination therapy.

Patients and Methods: The study included 15 chronic hepatitis C patients
treated with pegylated interferon and ribavirin with sustained virological
response and nine patients ending treatment without sustained virological
response. Laboratory investigations of liver functions, kidney functions,
complete blood picture, fasting blood glucose, hepatitis B surface antigen,
alpha fetoprotein, pregnancy test, ANA and Thyroid-stimulating hormone
were carried out for these patients. Serum hepatitis C Virus (HCV)-RNA was
measured after starting the antiviral therapy and 24 weeks later. The levels of
serum ferritin were measured by ELISA in sera of all patients.

Results: Before treatment serum ferritin levels were higher in group 2
patients. The pre- and on- treatment serum ferritin levels were positively
linked with body weight and hepatic iron score. Upon treatment, serum
ferritin levels increased in group 1 more than group 2 patients. Post-
treatment, serum ferritin levels were lower in group 1 than those in group 2
patients. Serum ferritin levels from this period were associated only with
hepatic fibrosis score on pre-treatment liver biopsy. During the 5" month
post-treatment a further decline in serum ferritin levels occurred and serum
ferritin levels returned towards baseline (pre-treatment) values. The degree of
decline during this period was slightly higher in group 2 than in group 1.
Conclusions: Measurement of serum ferritin level has a role in prediction of
sustained virological response in chronic HCV patients during treatment with
antiviral agents. This role might help in monitoring HCV patients’ response
to treatment.

Copy Right, 1JAR, 2014,. All rights reserved

Hepatitis C virus (HCV) remains a large health care burden to the world. All over the world, 130-170 million
persons are living with chronic HCV infection [1], which, if left without treatment, can lead to cirrhosis and liver
cancer. Egypt has the greatest burden of HCV infection in the world, with a 10% prevalence of chronic HCV
infection (CHC) among persons aged 15-59 years [2]. Most (70-80%) HCV infections persist and about 30% of
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individuals with persistent infection develop severe liver disease, comprising cirrhosis and hepatocellular carcinoma
[3].

Currently the standard of care in treatment for HCV infection is the combination of pegylated interferon
(INF)-a and ribavirin with the goal of achieving a sustained viral response (SVR). However, this treatment has
variable cure rates and considerable side effects [4, 5]. It has been reported that the response to combined INF-
ribavirin in patients infected with HCV in clinical practice is quite low and not as good as reported in the phase-3
studies [6,7]. Besides limited efficacy, some patients can not complete treatment because of side effects. Therefore,
the main concern of HCV therapy is to identify the determinants of response to treatment.

Variability in virological response depends on diverse patient factors as well as virological and histological
factors and on the interaction between these factors [6-8]. These factors include age, gender, ethnicity, duration of
infection, mode of acquisition, the degree of fibrosis of the liver, HCV genotype, viral load [6-9], and the degree of
hepatic iron overload [10-14]. Studies evaluating peginterferon a-2a and ribavirin combination therapy identify
several predictive factors of SVR including low baseline viral load, body weight < 75 kg, genotype other than 1, age
less than 40 years, and absence of advanced fibrosis or cirrhosis [15, 16].

Serum ferritin (SF) is an established marker for liver iron deposition and has been widely used as a
relatively low-cost and noninvasive tool to monitor iron status [17] and an indirect marker for the estimation of
hepatic iron concentration, since hepatic iron controls the production of SF [18]. However, SF is an acute phase
reactant, and, as such, is affected by a variety of pathophysiologic states. In fact, hyperferritinemia has been also
reported in patients with steatosis, type 2 diabetes, and metabolic syndrome [19, 20], which are often found in CHC
patients [21- 23].

An increase in SF levels during combined INF-ribavirin therapy in patients infected chronically with HCV
has been observed [24- 28]. In addition, the degree of increase in SF during therapy was found to be an independent
predictor of sustained virological response [26,28]. The consistency and clinical significance of this phenomenon
have not been investigated so far. A perturbation of circulatory and tissue iron pools during antiviral therapy may
have important clinical implications as it may influence, indirectly, the activity of the drugs, the immunological
response and, eventually, therapeutic outcome [29, 30].

This study was designed to find out if SF can be used as a predictor of treatment outcomes in patients with
chronic hepatitis C treated with combined INF-ribavirin therapy.

Subjects And Methods:

Patients

This study included twenty four patients diagnosed as chronic active hepatitis C recruited from the hepatology clinics
and Internal and Tropical medicine out-patient clinics, Zagazig University Hospitals, Egyptduring the period from
September 2012 till October 2013. The enrolled patients were fulfilling the criteria for treatment with interferon and
ribavirin. They were 18 males (75%) and 6 females (25%).Their age ranged from 28 to 56 years (at the beginning of
therapy). An informed consent was obtained form all patients for participation in the current study. We followed the
ethical guidelines of the institutional international review board (IRB) Committee, Faculty of Medicine, Zagazig
University.

Inclusion criteria:

e All patients included in the study had active chronic HCV infection which was verified by the presence of
significant HCV viremia and active liver disease on liver biopsy.

o All patients were receiving combination therapy that included subcutaneous injection of pegylated
interferon and oral ribavirin, both administered at standard doses [31]. Eleven patients received a
combination of PEG-INF a 2a, 180 ug/week and ribavirin (1,000 or 1,200 mg/day depending on whether
body weight was below or above 75 kg). Thirteen patients received a combination of PEG-INF a 2b, 1.5
ug/kg/week and ribavirin, 10.6 mg/kg/day. Dose modifications of INF and/or ribavirin were performed in
patients of both treatment groups, as indicated by the presence of adverse effects or hematological
abnormalities.

e Only patients with early virological response, defined as a 2 log reduction in the viral load or HCV-RNA
clearance at week 12, were included in the study. All patients included were treatment-naive and adherent to
the antiviral regimen.

Exclusion criteria:

e Patients younger than 18 years or older than 60 years.

o If patients had been found to have additional causes for liver disease, infection with either hepatitis B virus,
or HIV-1.
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o If patients did not have at least four SF measurements (before, during, and at two time points after

concluding the antiviral treatment).

All patients were subjected to complete history taking and clinical examination with special stress on abdominal
examination, signs of liver failure, eye examination (fundus examination) and body mass index (BMI).

Laboratory investigations were carried out in Clinical Pathology Department, Zagazig University Hospitals.
Assays of liver functions (serum levels of aspartate amino aminotransferase (AST), alanine amino transferase (ALT),
alkaline phosphatase (ALP), gama glutamyl transferase (GGT), total bilirubin, direct bilirubin, prothrombin time
(PT), total protein and albumin), renal functions (serum creatinine and blood urea), complete blood picture, fasting
blood sugar, hepatitis B surface antigen (HBsAQ), alpha fetoprotein, pregnancy test (qualitative B-HCG in serum),
ANA, Thyroid-stimulating hormone (TSH) were done for all patients.

Quantitative determination of serum HCV-RNA was performed at two additional points; just after concluding
antiviral therapy and 24 weeks later. Absence of serum HCVRNA just after the end of the antiviral therapy was
defined as end of treatment response. Absence of serum HCV-RNA at 24 weeks post-treatment was defined as
sustained virological response. HCV-RNA was measured by quantitative real time PCR technology using COBAS®
AmpliPrep/COBAS® TagMan® HBV Test (Roche Diagnostics, Switzerland). HCV genotype was determined in all
patients before treatment with the INNO-LIPA HCV Il KIT (Bayer Diagnostics, Emeryville, CA).

Level of ferritin was estimated quantitatively in serum using DRG® Ferritin ELISA Kit (EIA-1872) for human.
The test is based on the principle of a solid phase enzyme-linked immunosorbent assay (ELISA) [32, 33]. The assay
system utilized rabbit anti-ferritin for the solid phase (microtiter wells) immobilization and mouse monoclonal anti-
ferritin in the antibody-enzyme (horseradish peroxidase) conjugate solution. The serum samples were allowed to
react with the antibodies, and the ferritin molecules became sandwiched between the solid phase and enzyme-linked
antibodies. After incubation for 45 minutes at room temperature, the wells were washed to remove unbound labeled
antibodies. 3,3”,5,5’-Tetramethylbenzidine (TMB) solution was added and incubated for 20 minutes, with the
development of a blue color. The development of color was stopped with the addition of 1N HCI, and the produced
yellow color is measured at 450 nm. The concentration of ferritin was directly proportional to the color intensity of
the sample. The minimum detectable concentration of ferritin is estimated to be at least 5 ng/ml, with the assay range
from 0 to 1000 ng/ml. The optical density (O.D.) was read at 450 nm in a microplate reader within 15 minutes after
adding the stop solution. The standard curve was plotted as the relative O.D.450 of each standard solution (Y -axis)
vs. the respective concentration of each standard solution (X-axis). Ferritin concentration of the serum samples was
interpolated from the standard curve.

Histopathological evaluation of liver biopsies was performed blindly by a liver pathologist (O.P.). Histological
grading of necroinflammatory changes and staging of architectural changes and fibrosis were done using the
modified Histological Activity Index [34]. Changes in fat distribution were reported using the steatosis score [35].
Changes in iron staining were reported using an iron score [36].

Statistical analysis

Statistical presentation and analysis were conducted by SPSS version 17. Numerical values were presented as
meanszstandard deviation. Cross tabulation was used to depict the relations between variables by using the
contingency coefficient. Unpaired student t- test was utilized for comparison between two groups in quantitative
data, Mann-Whitney test was used to evaluate the statistical difference between the two patients’ groups regarding
the levels of SF. Spearman's correlation test was used to assess relationships between two variables in one group. P
value was considered non-significant if P > 0.05 and significant if P < 0.05.

Results
According to the results of viral RNA at 24 weeks post-completion of treatment, we divided our patients into
two groups:
1. The first (group 1) consisted of fifteen patients who achieved sustained virological response.
2. The second (group 2) consisted of nine patients, only three (33.3%) had end-of-treatment response, and
none had sustained virological response.
Table 1 shows the demographic and clinical characters of the patients:
e The two groups of patients did not differ in any of the demographic parameters collected: age, male/female
ratio, height, weight, and BMI.
e Ninteen patients were infected with HCV genotype 1 and five patients were infected with non-genotype 1
viruses.
e The distribution of HCV genotypes between both groups was similar.
e The pretreatment ALT levels were also similar.
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Table 2 indicated that there was no statistically significant difference between the two groups as regard the
degree of hepatic fibrosis, portal and lobular inflammation, hepatic steatosis, and iron stain.

Antiviral therapy induced a decline in hemoglobin, platelet, and white blood cell counts. The degree of the
lowest hemoglobin levels, platelet, and white blood cell counts did not differ between the groups. There was no
difference between the two groups as regard the week of occurrence of the lowest hemoglobin levels, platelet, and
white blood cell counts (Table 3).

Pre-treatment SF levels were higher in group 2 patients. Correlation analysis revealed that pre-treatment SF
levels are linked with body weight (r = 0.413, P < 0.05) and with hepatic iron score (r = 0.440, P < 0.05) (Figure 1,
Tables 4 and 5).

During active antiviral therapy (on-treatment), SF levels increased in both groups of patients. In most
patients during the on-treatment period, multiple measurements of SF level were taken. Only the highest (peak) SF
levels are reported in this study. The degree of increase in SF levels on-treatment (compared to baseline pre-
treatment levels) was higher in group 1 patients (418.6% vs. 224.67 %, P< 0.05) (Figure 2, Table 4).

Correlation analysis revealed that on-treatment SF levels associated with body weight (r= 0.545, P < 0.05)
and with hepatic fibrosis in pre-treatment liver biopsy (r = 0.412, P = 0.05) (Table 5).

Peak on-treatment SF levels occurred earlier in group 1 patients; however, the difference was not significant
(Table 4). The calculated rate of the increase for on-treatment SF levels was higher in group 1 patients than in group
2 patients (34.57%/week vs. 13.5%/week, P =0.001) (Figure 3).

First month post-treatment SF levels in group 1 patients were lower than those measured in group 2
patients. In addition the degree of decline in SF levels (from peak serum ferritin levels) in group 1 patients was
higher (70.94% vs. 59.16%, P < 0.0.01) (Table 4, Figure 2). Correlation analysis revealed that SF levels from this
period were associated only with hepatic fibrosis score on pre-treatment liver biopsy (r = 0. 521, P < 0.01) (Table 5).

During the 5™ month post-treatment a further decline in SF levels occurred and SF levels returned towards
baseline (pre-treatment) values. The degree of decline (from 1st month post-treatment SF levels) during this period
was slightly higher in group 2 patients than in group 1 patients (23.77% vs. 18.48%, respectively. P = Not
Significant) (Table 4).

Table 1. Demographic and Laboratory Characteristics of the Study Population

Group 1 (n=15) Group 2 (n=9) P-value
Age (years) 41.33+7.34(30-54) 43.11+8.04(32-56) NS”
Sex
e Male 11(61%) 7 (39%) NS*
e Female 4 (67%) 2 (33%)
Height (cm) 166.87+4.34 (159-174) 166.22+5.24(157-174) NS
Weight (kg) 74.07+4.79 (68-83) 72.56+5.25(68-82) NS
BMI (kg/m?) 26.66+2.26 (22.44-30.51) 26.11+1.89 (22.59-29.39) NS
Baseline ALT (1U) 69.4+18.49 (43-98) 104.22+67.57 (37-183) NS
Genotype (n) NS™
e 1 12
« 2 0 7
e« 3 2 0
e« 4 1 1
1
Duration of treatment 43.246.09(36-48) 42.67+8.72(24-48) NS”
(weeks)
End of treatment 100 333 0.001%
response (%)

Data are presented as Mean+SD, range or percentage, and evaluated by independent sample t test (*), chi-squared
tests (#), or chi-squared test with df = 3 (##), respectively. NS; Not Significant.
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Table 2. Grading and Staging of Fibrosis, Steatosis, and Iron Stain Scores of Liver Biopsies of the Study
Population

Group 1 (n=15) Group 2 (n=9) P-value

Periportal or periseptal interface hepatitis 1(1-2) 2(0-4)

score NS
Focal lytic, necrosis, apoptosis and focal

inflammation score 1(1-2) 2(1-3) NS
Portal inflammation score 2(1-3) 2(1-3) NS
Hepatic fibrosis score 3(2-5) 4(0-5) NS
Hepatic steatosis score 1(0-2) 0(0-2) NS
Iron stain score 1(0-3) 2(0-3) NS

Data are presented as median (range) and evaluated by independent samples t tests, NS; Not Significant.

Table 3. Hematological Parameters of the Study Population during the Various Stages of Anti-HCV Therapy

group 1 (n=15) group 2 (n=9) P-value
Baseline hemoglobin (g/dl) 13.8+1.04(12.6- 13.74£0.82(12.7- NS
15.3) 15.3)
The lowest hemoglobin level (g/dl) 10.5£0.73(9.3-11.5) | 10.2+1.05(9.1-11.8) NS
The week of the lowest hemoglobin level 25.7+4 (20-32) 28.6+2.55(24-32) NS
The lowest platelet count (x10%/ul) 118.1+25.78(82- 133.9+29.73(87- NS
157) 167)
The week of the lowest platelet count (week) 18.9+4.93(10-26) 16.1+5.9(10-26) NS
The lowest white blood cell count (x10°/ul) 2.30+0.62(1.32- 2.45+0.41(1.32- NS
2.36) 3.36)
The week of the lowest white blood cell count | 19.3+3.86(13-26) 18.1+5.67(12-27) NS

Data are presented as Mean+SD (range) and evaluated by independent samples t tests, NS; Not Significant.

Table 4. Serum Ferritin Levels and percent of change in the studied groups during Various Stages of Anti-
HCV Therapy

Group 1 (n=15) Group 2 (n=9) P-value
Pre-treatment serum ferritin levels 109.47+37.65(30-154) 151.89+50.95(93-214) 0.029
(ng/ml)
On-treatment peak serum ferritin 502.67+129.98(285-701) 495.67+128.07(304-752) NS

levels (ng/ml)

Percent of increase in on-treatment 418.6+£217.84(157-896) 224.67+73.85(100-328) 0.018
serum ferritin levels (%)

rate of increase in on-treatment serum 34.57+12.97(15.7-70.83) 13.5+7.25(5.56-27.27) 0.001
ferritin levels (%o/week)

Peak serum ferritin levels (week) 11* (7-21) 14*(24-46) NS
1" month, post-treatment serum 141.53+35.16(57-183) 185.89+50.66(119-247) 0.019

ferritin levels (ng/ml)

1" month, post-treatment degree of 70.94+8.33(53.4-81.47) 59.16+10.02(45.04-70.48) 0.005
decline in serum ferritin levels (%6)

5" month, post-treatment serum 115.07+31.64(46-157) 142.67+38.1(39-198) NS
ferritin levels (ng/ml)
5" month, post-treatment degree of 18.49+6.02(12.62-31.74) 23.7746.79(11.66-32.97) NS

decline in serum ferritin levels (%0)

Data are presented as Median*, MeanSD (range) and evaluated by independent samples t tests, NS; Not Significant.
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Table 5. Spearman Correlations of Various Serum Ferritin Levels with Weight, Iron Staining Score, and

Hepatic Fibrosis Score

Weight Iron stain score Hepatic fibrosis score
rho P-value rho P-value rho P-value
Pre-treatment ferritin 0.413 0.045 0.440 0.031 0.356 0.087
On-treatment ferritin 0.545 0.006 0.157 0.463 0.412 0.046
1 month  post-treatment 0.371 0.074 0.330 0.115 0.521 0.009
ferritin

Figure 1: Serum ferritin (SF) levels (ng/ml) at various stages of anti-HCV treatment according to long-term
virological response in the two studied groups.
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Figure 2: Percent of change in serum ferritin (SF) (%) levels at various stages of HCV treatment according to long-
term virological response in the two studied groups.
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Figure 3: Rate of ferritin increase (% per week) during HCV treatment in the two studied groups.
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Discussion

It has been postulated that disturbances in hepatic iron regulatory hormone (hepcidin) production may be a
possible mechanism responsible for iron overload in chronic HCV [37]. Elevated SF levels may reveal systemic
inflammation and elevated iron storage which may play a role in an unfavorable outcome of chronic HCV. It has
been also independently linked to advanced hepatic fibrosis, steatosis, and poor response to IFN-a-based treatment
[38]. This may be attributed to increased iron deposition in the liver promoting liver oxidative stress and
inflammation as well as mitochondrial dysfunction [39]. Supporting this notion is that repeated phlebotomy reduced
necroinflammatory activity and risk of hepatocellular carcinoma progression in chronic HCV patients [40-42].

The major findings of the present study were that during the course of active antiviral treatment SF levels
showed a marked increase. This is may be due to INF exposure where it may stimulate numerous interferon-
activated genes and enhance the synthesis and release of several pro-inflammatory cytokines that probably up-
regulate ferritin synthesis [43, 44]. Accordingly, the present study showed that chronic HCV patients with sustained
virological response displayed a greater increase in SF level than those without sustained virological response
throughout treatment period. We reported also a decline in hemoglobin levels in HCV patients during antiviral
therapy. This might be attributed to the hemolytic effects of ribavirin [45]. Hemolysis can also increase hepatic iron
deposition increasing SF levels [46].

On-treatment SF levels were positively correlated with body weight and hepatic fibrosis in pre-treatment
liver biopsy. Similar results were reported before where baseline SF level was correlated with body weight and the
stage of hepatic fibrosis [26,27]. In confirm, obese subjects may have higher serum ferritin levels than non-obese
subjects that may be related to the inflammatory state that accompanies obesity [47]. It has been also reported that
low SF levels may be an independent marker for the absence or reduced level of hepatic fibrosis [48]. The current
study demonstrated also that baseline SF level was positively correlated with hepatic iron score and hence it can
indirectly reflect the concentration of iron in the liver of HCV patients.

The level of SF can be considered as an indirect marker of INF exposure. Ferritin may also alter the
immune function. Before starting antiviral therapy, higher baseline levels of SF are associated with chronic
stimulation of the endogenous INF system. Thus patients having higher levels of SF prior to antiviral treatment may
have a reduced response to antiviral therapy [49]. The immunomodulatory effects of ferritin in humans can be
mediated by inhibition of lymphocyte function, delayed hypersensitivity response and by induction of
myelosuppression [50]. Therefore, high SF level in patients with limited response to antiviral therapy seems to be a
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result of immunosuppression [51]. Our results further reinforced these findings since antiviral therapy induced a
decrease in white blood cells count.

One month after treatment the level of SF decreased. The rate of decrease was higher in group 1 having
sustained response than in group 2 patients having no SVR. This suggests the prognostic impact of SF levels at this
early stage post-treatment as a marker to help physicians to predict the prolonged virological response of chronic
HCV patients.

Conclusion

In conclusion, higher SF is strongly correlated with reduced rate of virological response and liver fibrosis in
HCV. Overall, measuring SF for chronic HCV patients during treatment is useful in determination of patients’
virological response. This may help clinicians to determine the dose and length of treatment with antiviral agents for
each patient.
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