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ABSTRACT

Previous studies have reported reduced synthesis of various hemostatic factors in patients with chronic liver disease. Whether changes in
plasma levels of these proteins reflect recovered liver synthetic function following virological eradication therapy has not been approved yet.
The aim of the study was to determine the impact of sustained viral suppression achieved with pegylated interferon alpha and ribavirin on
hemostatic parameters including natural anticoagulants in patients with chronic hepatitis C.

The following coagulation screening tests were obtained in thirty patients with chronic viral hepatitis C before and after completion of antiviral
treatment: activated partial thromboplastin time, prothrombin time, plasma fibrinogen and natural anticoagulant proteins antithrombin 111,
protein C (PC) and total protein S (PS) activity. Only patients who achieved durable virus suppression were included.

The mean PC and PS levels were significantly lower in patients with chronic viral hepatitis C before antiviral therapy than in healthy controls
(79.04 + 16.19 % Vvs. 109.92 + 21.33% and 54.04 + 16.11% vs. 87.60 + 8.15%, respectively; (p<0.001). Mean levels of PC exhibited a significant
increase by 14.69 % after the completion of antiviral treatment (93.73 + 14.18%, p<0.001) as well as PS levels, which significantly increased by
21.46% (75.50 + 15.43, p<0.001) when compared with pre-treatment values. No remarkable fluctuations in other hemostatic parameters were
noted.

Protein C and protein S are sensitive markers of hepatocyte synthetic impairment and are valuable markers in monitoring the efficacy of anti-
viral treatment in chronic hepatitis C patients. Larger studies are needed to confirm our results.
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INTRODUCTION

Chronic liver disease is commonly associated with
complex hemostatic defects that include impaired syn-
thesis of a number of coagulation proteins and their
synthesis is variably impaired in liver disease [1, 2].
Previous studies have shown diminished circulating levels
of natural anticoagulants antithrombin IIT (AT III), protein
C (PC) and protein S (PS) in those with chronic liver dis-
ease [3,4,5] as well as acute liver disease [6] as a result of im-
paired liver synthetic function. In a recent study, anticoagu-
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lants were shown as sensitive markers of liver disease with a
marked decrease in chronic hepatitis C patients [7]. Despite
these results their role in chronic viral hepatitis is still unclear.
Interferon alpha (IFN «) is a natural occurring cytokine with
immunomodulatory, antiproliferative and antiviral activity
[8]. IFN o has been a mainstay in the treatment of chronic
hepatitis C infection and the development of pegylated in-
terferon alpha (PEG-IFN-a) added a new milestone to the
treatment in these patients due to his improved pharmaco-
kinetic profile [9, 10]. Combination of PEG-IFN-« with riba-
virin improves the overall antiviral treatment outcome and
has become the standard therapy for chronic hepatitis C in-
fection. The goal of antiviral therapy is to achieve sustained
elimination of the virus, which is accompanied by reduction
of hepatitis virus related morbidity and mortality [11]. Several
studies have demonstrated the virological, biochemical and
histological effects of PEG-IFN-o/ribavirin combination ther-
apy; however, hemostatic effects are not well studied before.
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In the present study we determined conven-
tional coagulation screening tests including anti-
coagulant activity in patients with hepatitis C be-
fore and following antiviral therapy termination.
We aimed to study whether sustained virus elimina-
tion following combination therapy PEG-IFN-a and
ribavirin has an impact on coagulation proteins and
anticoagulant activity in patients with chronic viral
hepatitis C which might reflect improved liver syn-
thetic function due to successful virus suppression.

MATERIALS AND METHODS

Patients

Thirty-three consecutive patients referred to the Department
of Gastroenterology and Hepatology of the Medical Center
University of Sarajevo for chronic hepatitis C infection from
November 2007 to march 2010 were recruited. Three individ-
uals were excluded from the study, one because of discontinu-
ation of antiviral treatment due to serious side effects and two
patients did not achieve negative HCV-RNA at the end of an-
tiviral treatment. All patients included in the study achieved
sustained virological response (SVR), defined as negative
HCV-RNA six months after the end of antiviral treatment.
The diagnosis of chronic viral hepatitis was based on bio-
chemical tests, positive RNA PCR assays and confirmed by
liver biopsy in all patients before the initiation of antiviral
treatment. Histological changes of chronic hepatitis were
evaluated according to the classification system proposed by
Ishak and colleagues [12]. All the patients were treated with
pegylated interferon alpha (18 patients received PEG-IFN-a
2a at a fix dose of 18opg and 12 patients were treated with
1.5pg/kg PEG-IFN-a 2b) subcutaneously once weekly plus
weight-based ribavirin (800-1200 mg ribavirin daily). Ac-
cording to the accepted treatment protocol for chronic hepa-
titis C infection patients with HCV genotype 1 and 4 were
treated 48 weeks (n=20) and patients with HCV genotype 2
and 3 (n=10) were treated 24 weeks with antiviral therapy.
Exclusion criteria were the following: previous antivi-
ral or immunomodulatory therapy, hepatocellular car-
cinoma or other known malignancy, other chronic liver
disease, hepatitis B and C virus co-infection, history of
deep venous thrombosis, and current anticoagulation
therapy. Patients who 6 months after treatment termi-
nation did not achieve viral suppression defined by un-
detectable PCR-assay were excluded from the study.
A control group consisted of 30 healthy individu-
als with normal results of physical examination
and laboratory blood findings were selected from
the general public. Their basic epidemiological and
laboratory parameters are summarized in Table 1.
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Procedures

The Ethical Committee of the Medical Centre University of
Sarajevo approved the study protocol and informed consent
was taken from all patients before undergoing liver biopsy.
Coagulation screening tests were obtained on day 1
of admission to our department (pre-treatment sam-
ple) and six months after successful completion of an-
tiviral eradication therapy (post-treatment sample).

Coagulation Assays

Blood samples were collected by venipuncture direct-
ly into vacuum tubes containing trisodium citrate. The
blood samples tubes were centrifuged at 2.000 x g for 15
min at room temperature. The assays were performed
on fresh plasma or on aliquots, which were immedi-
ately stored at -70°C until analysis was performed. Blood
samples were obtained, from each patient on the liver bi-
opsy date and after PEG-IFN-a treatment termination.
Coagulation screening tests included: activated partial throm-
boplastin time (aPTT) and prothrombin time expressed as
international normalized ratio (INR) were performed by the
conventional methods. Plasma fibrinogen was measured
by the turbidometric method of Clauss (Dade Thrombin
Reagent) [13]. Natural anticoagulants were assayed using
commercial reagent kits (Dade Behring, Marburg, Ger-
many) according to the manufacturer’s instructions: Activi-
ties of AT III were determined by colorimetric assay (Beri-
chrom AT III), PC activity by kinetic testing (Berichrom
C) and PS activity (Protein Sac) by a clotting assay. Antico-
agulant activity was expressed in % with a reference range of
75 — 125% for AT III, 70 — 140% for PC, and 60-130% for PS.

Statistical analysis

All data are presented as mean =+ standard deviation. Sta-
tistical analysis was performed using the Student t-test to
compare the means of independent groups. Logarithmic
transformation was applied to the group of data that did not
show normal distribution to reduce variances before apply-
ing t-test using the new transformed values. A two-tailed p-
value below 0.05 was considered to be statistically significant.
Statistical analysis was performed using the statistical pack-
age SPSS 16.0.

RESULTS

Baseline characteristics of healthy controls (n=30) and pa-
tients with chronic hepatitis C (n=30) are presented in Table 1.
The mean age was not significantly different across the
study groups. Patients with chronic hepatitis C had sig-
nificantly higher levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and gamma-
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TABLE 1. Demographic and biochemical characteristics of
healthy controls and patients with chronic hepatitis C

Chronic hepatitis C Contro
5=30 n=30 b
Sex (M/F) 16/14 17/13 NS
Age (years) 45.93 +10.70 42.17 +10.83 NS
Haemoglobin (g/1) 148.27 + 14.75 151.81 + 1091 NS
Platelet count (x10°/1) 206.71 +7191 25148 +50.11  p<0.001
ALT (1U/1) 10242 + 66.40 24.04 + 8.82 p<0.001
AST (TU/1) 62.44 + 49.86 24.19 +7.87 p<0.001
GGT (1U/l) 5322 + 5261 27.89 +9.90 p=0.027
Albumin (g/1) 40.77 + 4.72 41.13+4.07 NS

Legend: Quantitative values are expressed as mean (SD), ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT gamma-glu-
tamyl-transpeptidase;

TABLE 2. Results of coagulation assays in chronic hepatitis C pa-
tients treated with PEG-IFN-a / ribavirin

Pre-treatment Post-treatment Control
Fibrinogen (g/dl) 335+ 101 337 +0.75 3.36 +0.61
APTT(s) 31.80 +3.63 31.24+2.70 30.83+2.10
1.09 £0.10 1.05+0.08
INR 00005 0014 103+0.12
AT IT (%) 96.73+14.27 98.05 + 12.03 99.80 + 13.93
9373 + 14.18
PC (%) 79;%5 0151‘19 #p0.001 109922133
P<b <0001
75.50 + 1543
PS(%) 54;;%5 015’1‘1 ! <0001 87,60+ 8.15
P “p<0.001

Legend: Quantitative values are expressed as mean + standard deviation,
APTT: activated partial thromboplastin time, INR: international normal-
ized ratio, AT: antithrombin, PC: protein C, PS: protein S; *significant differ-
ence between pretreatment sample and controls; **significant difference
between pretreatment sample and post-treatment sample; ***significant
difference between post-treatment sample and controls

glutamyl-transpeptidase (GGT) compared to healthy
controls. Mean platelet count was significantly lower in
chronic hepatitis patients. Mean hemoglobin and albu-
min levels showed no significant difference (Table 1).
The mean fibrinogen level showed no significant difference
in patients with chronic hepatitis C infection (3.35 + 1.01 g/l)
when compared with normal control levels (3.36 +0.61 g/1).
No fluctuations of fibrinogen levels were achieved following
antiviral therapy. Prolongation of INR was noted before treat-
ment commencement (1.09+0.10) when compared to con-
trols (1.03+0.12, p=0.005) and shortened after treatment ces-
sation (1.05+0.08, p=0.044) compared to pre-treatment values
and showed no significant difference to healthy controls.
APTT levels did not show remarkable alterations (Table 2).
The mean PC (79.04 + 16.19%) and PS (54.04 + 16.11%) levels
were significantly lower in patients with chronic viral hepa-
titis C before antiviral treatment than in the healthy control
group (109‘92 + 21‘33,p<0.oo1). At the same time the mean
level of AT Il in the pre-treatment group (96.73+14.27%)
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FIGURE 1. Pre- and post-treatment anticoagulant activity in

chronic hepatitis C patients
Legend: AT — antithrombin; PC protein C, PS- protein S

showed no significant reduction in comparison with con-
trols (99.80 + 13.93). The levels of PC exhibited a significant
increase after the completion of PEG IFN-a/ribavirin therapy
(93.73 + 14.18%) when compared with pre-treatment values
(79.04 £ 14.27, p<0.001) but were still statistically lower than
normal control levels (109.92 + 21.33, p<0.001). Mean total
PS values were also statistically significant increased in the
post-treatment group than in those before PEG-IFN-a/riba-
virin therapy (75.50 + 15.43, p<0.001). The PS values were still
statistically different from controls (87.60 + 8.15, p<0.001).
On the other hand, AT III levels showed no significant al-
terations caused by virus elimination (Table 2, Figure 1).

DISCUSSION

The liver plays a major role in hemostasis and it is
well known that patients with chronic liver dis-
ease show a marked decrease in liver synthesis
of coagulation factors as well as inhibitors [14].
Coagulation indices because of their relationship to liver
synthetic function are well established as prognostic mark-
ers in a variety of settings in both acute and chronic liver
disease [15, 16]. Recently, anticoagulation proteins were ap-
proved not only to reflect hepatocyte impairment [4, 5, 7]
but also to have predictive value in chronic liver disease [17].
It is therefore justified to assume that diverse coagulation as-
say reflect hepatocyte damage in chronic viral hepatitis C, but
the impact of PEG-IFN-a/ribavirin combination therapy on
these hemostasis parameters have not been well studied yet.
The current study is an attempt to prove whether he-
mostatic parameters are useful markers in monitor-
ing antiviral treatment in chronic hepatitis C patients.
We studied exclusively patients who achieved re-
to PEG-IFN-a/ribavirin

sponse therapy de-
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fined by durable suppression of HCV RNA to low
or undetectable levels after treatment cessation.
The present study shows in untreated patients with chronic
hepatitis C significant reduction in plasma levels of PC and
PS. These findings are in line with previous studies, which
demonstrated markedly reduced anticoagulant activity in
chronic hepatitis C patients as a sign of reduced hepatocyte
synthetic capacity [7, 17]. A recent study from Italy even
showed that in chronic liver disease reduction in plasma lev-
els of PC and PS correlated with a higher model for end-stage
liver disease (MELD) score [18]. Another group of investiga-
tors studied 154 patients with chronic liver disease and ap-
proved PS and PC as predictors of hepatic inflammation and
fibrosis [17]. These findings taken together confirm that levels
of PC and PS are sensitive markers of hepatocyte impairment.
At the same time, we noted AT III levels not reduced in
chronic hepatitis C patients in comparison with healthy
controls and this could be interpreted as AT III to be
a less sensitive protein reflecting hepatocyte malfunc-
tion. AT III was shown to be a good marker of liver cell
synthetic function in cirrhosis [19, 20, 21], acute hepa-
titis [7, 22] as well as HCC [23, 24/, but in chronic viral
hepatitis C AT 11l did not show any marked reduction [7].
Furthermore the fact that AT III was not different between
the patients with chronic hepatitis C and normal controls
emphasizes the reduction of PC and PS levels as the earli-
est disturbance of the coagulation system in chronic liver
disease as suggested by few previous investigators [7, 17].
After completion of antiviral treatment, we found a sig-
nificant increase in total PC and PS values. This increase
could be attributed to improved hepatocyte synthetic func-
tion following successful antiviral treatment. These find-
ings are in contrast with one study where an increase of
total PS values but not in free PS as well as PC levels in re-
sponse to standard [FN were found [25]. The authors pre-
sumed that [FN therapy has an impact on concomitant
increase in liver synthesis of PS as well as of its carrier pro-
tein C4BP that is also synthesized by the liver, but not in PC.
However, that study was performed on a less number
of patients and it was not pointed out if anticoagulant
levels were measured after achieving viral suppression.
The alteration of PC levels due to antiviral therapy
we attributed to recovered synthetic function in re-
sponse to durable viral replication suppression af-
ter completion of PEG-IFN-a/ribavirin therapy.
Although prolongation of conventional coagulation
screening tests is a known feature in chronic liver dis-
ease [26, 27], no significant difference in aPTT and fi-
brinogen levels were noted in untreated as well as
treated patients as compared with controls. This is in
concordance with previous investigations [5, 7, 25].
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The prothrombin time (PT) and its derived measures of inter-
national normalized ratio (INR) are measures of the extrinsic
pathway of coagulation and its effected by changes in levels
of factor I I, V, VIl and X. Factor VI is the first coagulation
protein to decrease when there is a hepatocyte damage, prob-
ably because of its short half-life (2-4h) [28,29]. In advanced
liver disease, there is a correlation between PT prolonga-
tion and levels of F VII [30]. In the current study significant
prolongation of PT, expressed as INR, in chronic hepatitis C
patient should be attributed to reduction of F VII levels. It is
possible that the significant shortening of PT observed fol-
lowing PEG-IFN-a/ribavirin therapy reflects improvement
of hepatic synthetic function and normalization of F VII
levels. For confirmation of these hypothesis studies evaluat-
ing the F VI level in chronic hepatitis C patients are needed.

CONCLUSIONS

On the basis of our results we concluded that durable viral
suppression obtained by PEG-IFN-a/ ribavirin combination
therapy in chronic hepatitis C has an impact on PC and PS
activity reflecting improved liver synthetic function follow-
ing sustained elimination of hepatitis C virus. The present
study provided evidence supporting the hypothesis that
natural anticoagulants PS and PC are sensitive markers of
hepatocyte synthetic impairment and is valuable markers
in monitoring the efficacy of antiviral eradication in chron-
ic hepatitis C patients. However, the study results need
to be confirmed by future studies with larger sample size.
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