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High efficacy of combined therapy with pegylated
interferon plus ribavirin in patients with hemophilia
and chronic hepatitis C

Eradication of the hepatitis C virus
(HCV) with interferon-based therapy
is the only approach that can halt pro-

gression of the infection to cirrhosis, clinical
decompensation and perhaps hepatocellular
carcinoma.1 Eradication of HCV is particular-
ly difficult in patients with hemophilia,2-5

because they often present with hypore-
sponsiveness to interferon due to long-last-
ing infection with HCV, male gender, greater
prevalence of HCV genotype 1 and high lev-
els of viremia.6 The combination of standard
or pegylated interferon (Peg-IFN) and rib-
avirin is the mainstay of care for non-hemo-
philic patients with chronic hepatitis C, all
the available studies showing the superiority
of the combination including Peg-IFN over
standard interferon.7-9 The dose and duration
of treatment depend on the HCV genotype
and viral load, but with 48 weeks of treat-
ment with Peg-IFN and ribavirin,  genotypes
1 and 4 are harder to eradicate than geno-
types 2 and 3, which respond to shorter
treatment duration and lower ribavirin
doses. Indeed, a sustained virological
response was achieved in approximately
50% of the former difficult-to-treat patients,
compared to 80% of the latter easy-to-treat

patients.9 So far, treatment of HCV in hemo-
philia has only been attempted with stan-
dard IFN at doses of 3 to 5 MU thrice week-
ly alone or in combination with ribavirin.
This combination resulted in an approxi-
mately 30% rate of sustained virological
responses in difficult-to-treat patients and
60% in easy-to-treat patients.6,10-12 Pegylated
interferons are expected to further improve
the efficacy of anti-HCV therapy in hemo-
philiacs, because they have better pharma-
cokinetic and pharmacodynamic properties
than standard interferons, thereby causing
more efficient suppression of HCV.13,14 This
study reports the results on the effectiveness
and safety of treatment with Peg-IFNα2b
plus ribavirin in a cohort of 64 human
immunodeficiency virus (HIV) seronegative
hemophilic patients with chronic hepatitis C
naïve to previous antiviral therapies.

Design and Methods

Study design
This was an open, prospective, multicen-

ter study including 64 patients. It was con-
ducted by the Association of Italian
Hemophilia Centers in compliance with the
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Background and Objectives. Eradication of hepatitis C virus (HCV) is particularly difficult
in patients with hemophilia. In this open, prospective, multicenter trial, the efficacy and
tolerability of the combination therapy with pegylated interferon α2b (Peg-IFNα2b) plus
ribavirin was evaluated in 64 human immunodeficiency virus (HIV) seronegative adult
hemophiliacs with chronic hepatitis C naive to previous antiviral therapy. 

Design and Methods. Peg-IFNα2b was administered at a dose of 1.5 µg/kg subcuta-
neously once weekly plus oral ribavirin 800-1200 mg/day, for 24 weeks to patients with
HCV genotypes 2 and 3 (n=22, 34%) or for 48 weeks to those with genotypes 1 and 4
(n=42, 66%). 

Results. Nine patients (14%) did not complete the study because of non-compliance
(n=6) or side-effects such as decompensated diabetes, alanine aminotransferase flares
and severe vomiting (n=3). Twenty-eight patients (44%) required dose reduction of either
drug. Six months after stopping treatment a sustained virological response was achieved
in 40 patients (63%), 19 with genotype 2 or 3 (86%) and 21 with genotype 1 or 4 (50%).
A sustained virological response was significantly associated with an early virological
response (p<0.0001), HCV genotypes 2 or 3 (p=0.008), no clinical evidence of cirrhosis
(p=0.02) and higher pre-treatment serum alanine aminotransferase (p=0.016). 

Interpretation and Conclusions. These results show that combination therapy with Peg-
IFNα2b plus ribavirin is highly efficacious in hemophiliacs with chronic hepatitis C.
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Declaration of Helsinki and with the principles of Good
Clinical Practice. All patients gave written informed
consent and the study was approved by the Institutional
Review Board of the coordinating Center in Milan. Peg-
IFNα2b (Peg-Intron®, Schering Plough, Milan, Italy) was
given at doses of 1.5 µg/Kg body weight by subcuta-
neous injections once weekly for 24 weeks in patients
with HCV genotypes 2 or 3 and for 48 weeks in those
with genotypes 1 or 4. An oral dose of 800-1200 mg rib-
avirin (Rebetol®, Schering Plough, Milan, Italy) was
given daily according to body weight (< 65 kg: 800 mg;
65-85 kg: 1000 mg; >85 kg: 1200 mg) for 24 weeks in
patients with genotypes 2 and 3 or for 48 weeks in
those with genotypes 1 or 4. Therapy was interrupted if
HCV-RNA was still detectable within the first 6 months
of therapy. The study also included a 6-month treat-
ment-free follow-up period. 

Patients 
Adult patients with inherited coagulation disorders

were eligible if they had been positive for serum HCV-
RNA for at least 1 year, had alanine aminotransferase
(ALT) values persistently or intermittently 1.5 times
higher than the upper normal limit and had not been
treated before with antiviral therapy. Inclusion criteria
were values of hemoglobin (Hb) of ≥12 g/dL, white
blood cell (WBC) count ≥3×109/L, neutrophils (PMN)
count ≥1.5×109/L, platelet count ≥70×109/L and serum
bilirubin, albumin and creatinine within the normal lim-
its. Exclusion criteria were decompensated liver disease
(i.e. jaundice, ascites, gastrointestinal hemorrhage or
encephalopathy), a coexisting severe medical or psychi-
atric illness, autoimmune diseases (including patients
with serum titers of tissue autoantibodies greater than
1:80), alcohol intake greater than 60 g/day within one
year before entry and coinfection with the hepatitis B
virus or HIV. 

A liver biopsy was not required because histological
severity of hepatic disease was not a criterion for eligi-
bility, and because this procedure is very costly in
patients with hemophilia considering the need for
replacement therapy and prolonged hospitalization.
There was considered to be clinical evidence of liver cir-
rhosis in the presence of at least one feature among lab-
oratory signs of portal hypertension (platelets
<150×109/L; albumin <3.5 g/L; serum cholinesterase
activity <4500 U/L), endoscopic evidence of esophageal
varices, portal hypertensive gastropathy, and/or abdom-
inal ultrasound signs of irregular margins of the liver,
dilated portal vein or splenomegaly.

Measurements
Biochemical and hematological measurements were

obtained using standard methods at treatment weeks 2,
4 and then every 4 weeks and in the 6-month post-treat-
ment follow-up at weeks 4, 12 and 24. Commercially

available enzyme immunoassays were used for serum
HBsAg, anti-HBs, anti-HBc, anti-HIV1/2 (Abbott
Laboratories, Chicago, IL, USA), and anti-HCV (EIA-2
Boehringer Mannheim, Mannheim, Germany).
Antibodies to nuclear, smooth muscle and liver-kidney
microsomal antigens were detected on rat liver and kid-
ney cryostat sections by immunofluorescence. Pre-treat-
ment serum levels of HCV-RNA were quantitatively
measured by a branched-DNA signal amplification
assay (Versant HCV-RNA 3.0 Assay, bDNA, Bayer
Diagnostics, Emeryville, CA, USA; sensitivity threshold
of 615 IU/mL). HCV was genotyped by a hybridization
assay (Inno-Lipa II, Innogenetics, Zwijndrecht,
Belgium). Serum HCV-RNA was tested by nested
reverse transcriptase polymerase chain reaction, using
specific primers from the 5’ non-coding region with a
sensitivity limit of 25 IU/mL,15 before treatment, at
treatment week 24, 36 and 48 and during the post-treat-
ment follow-up at weeks 4, 12 and 24.   

Assessment of efficacy
The primary measure of efficacy was a sustained viro-

logical response, defined as undetectable HCV-RNA in
serum at the end of the 6-month treatment-free follow-
up. Analyses were done on the whole treated popula-
tion, i.e. all patients who received at least one dose of
the study medication. Non-response was defined as the
persistence of HCV-RNA in serum at treatment week
24. End-of-treatment response was defined as unde-
tectable serum HCV-RNA at the end of treatment. A
virological breakthrough was defined as reversion to
positive HCV-RNA any time during treatment. A
relapse was defined as positive HCV-RNA occurring at
any time after the end of treatment. The early virologi-
cal response, defined as undetectable HCV-RNA at
treatment week 12, was retrospectively evaluated in the
available frozen serum samples. 

Assessment of safety 
Adverse events were graded as mild, moderate, severe

and potentially life-threatening according to the WHO
grading system. For severe adverse events other than
anemia, the dose of Peg-IFNα2b was decreased by 25-
50% and the dose of ribavirin was lowered to 600
mg/day. Full doses were restarted when the event was
no longer present. If the event persisted, both drugs
were discontinued. In patients with anemia, the dose of
ribavirin was lowered to 600 mg/day for Hb drops
below 10 g/dL, and discontinued if Hb dropped below
8.5 g/dL. The Peg-IFNα2b dose was reduced by 25-50%
in patients with moderate neutropenia (PMN count
0.99-0.5×109/L) and discontinued in those with severe
neutropenia (< 0.5×109/L). The Peg-IFNα2b dose was
decreased by 50% if platelet counts dropped below
70×109/L and discontinued for counts lower than
50×109/L.  
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Statistical analysis   
Continuous variables were expressed as median val-

ues and ranges, and were compared by the Mann-
Whitney U test. Categorical variables were expressed as
frequency and percent values, and compared by using
Fisher's exact test. Response to treatment was evaluated
by intention-to-treat analysis. All p values reported are
two-sided. 

Results

Between October 2001 and February 2004, 64
patients naïve to interferon therapy were enrolled at the
Hemophilia Centers of Milan, Florence, Naples, Perugia,
Pescara, Castelfranco Veneto, Udine and Vicenza. Their
main characteristics are shown in Table 1.

Efficacy
Nine patients (14%) did not complete the study, six

(9%) withdrew because of non-compliance to treat-
ment and three (5%) because of side effects (Table 2).
An end-of-treatment response was achieved in 21
patients with genotype 2 or 3 and in 22 with genotype
1 or 4 (95% vs 52%, p<0.001), and none of the respon-
ders had a virological breakthrough during the treat-
ment period. During the post-treatment follow-up peri-
od, three patients (5%) relapsed, two with genotype 3
and one with genotype 1b. Therefore,  a sustained viro-
logical response was ultimately achieved in 40 patients
(63%), including 19 with genotype 2 or 3 (86%) and 21
with genotype 1 or 4 (50%) (Table 3). A sustained viro-
logical response was achieved in 39 of 57 patients with-
out clinical evidence of cirrhosis and in one of seven
patients with clinical evidence of cirrhosis (68% vs 14%,
p=0.009), and was associated with higher pre-treatment
serum ALT (111 vs 75 IU/L in non-responders, p=0.016).
Rates of sustained virological response did not differ in
relation to the patient's age, pre-treatment viremia,
median disease duration and compliance with full-dose
treatment (Table 3).

The early virological response was retrospectively
evaluated in serum samples obtained at week 12 of
treatment in a subgroup of 45 patients (27 with HCV
genotype 1 or 4, and 18 with HCV genotype 2 or 3);
HCV-RNA was negative in 33 of them (73%), 15 with
HCV 1 or 4 (56%) and 18 with HCV 2 or 3 (100%). A
sustained virological response was achieved in 28 of 33
early virological responders (75%), 12 (80%) with HCV
genotype 1 or 4 and 16 (89%) with HCV genotype 2 or
3. Hence, an early virological response was a significant
predictor of a sustained virological response (p<0.0001),
regardless of the HCV genotype (Table 3). By multivari-
ate analysis, the early virological response remained the
only significant predictor of sustained virological
response after adjusting for all the other variables

(p=0.01). No significant differences were found
between the doses of Peg-IFN and/or ribavirin given to
patients who responded at week 24 compared to those
given to patients who did not respond at week 24
(median cumulative Peg-IFNα2b dose: 2205 µg, range
1200-3019 vs 2156 µg, range 1181-3600, respectively;
median ribavirin dose: 13.5 mg/kg/day, range 9.1-17.8 vs
13.5 mg/kg/day, range 9.3-16, respectively). In the 36
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Table 1. Characteristics of the 64 patients included in the study.

Patients’ characteristics

Median age, years (range) 36 (20-64)
Male sex 58 (91%)
Hemophilia A 53 (82%)
Hemophilia B 1 (2%)
Other inherited bleeding disorders* 10 (16%) 
Median disease duration, years (range)° 27 (15-53)
Median body mass index, kg/m2 (range) 24.5 (18.9-29.7)
Median ALT, IU/L (range) 99 (41-405)
Cirrhosis 7 (11%)
Median HCV-RNA, IU/mL (range) 6.0×105 (1.7×104-2.8×106)
HCV genotype
1a  15 (23%)
1b  25 (39%)
1a/1b 1 (2%)
2 11 (17%)  
3 11 (17%)  
4 1 (2%)   

*von Willebrand disease (n=8) , prothrombin deficiency (n=1), afibrinogenemia
(n=1). °The onset of HCV infection was assumed to coincide with the first
infusion of a non-virus inactivated coagulation factor concentrate manufactured
from large pools of plasma. 

Table 2. Rates of discontinuation, dose reduction and side effects
during treatment.

Patients (%)

Withdrawal from treatment 9 (14%)
non-compliance 6 (9%)
side effects 3 (5%)

Dose reduction of both drugs 9 (14%)
Dose reduction of ribavirin for

Anemia 11 (17%)

Dose reduction of Peg-IFN for
Leukopenia/neutropenia 12 (19%)
Severe flu-like syndrome 5 (8%)
Severe fatigue 1 (2%)
AST/ALT increase 1 (2%)
Irritability 1 (2%)

Side effects
Weight loss 26 (41%)
Fatigue 21 (33%)
Headache 8 (12%)
Irritability 6 (9%)
Depression 5 (8%)
Nausea 5 (8%)
Peg-IFN injection-site reactions 4 (6%)
Thyroid disorders 3 (5%)
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patients non compliant to the full-dose therapy regi-
men, the median duration of full-dose therapy was 1
month (range: 3 days-7 months).  

Safety
Twenty-eight (44%) patients required a dose reduc-

tion of either drug. The causes for Peg-IFN and/or rib-
avirin dose reduction and the most frequently observed
side effects are shown in Table 2. Hb levels transiently
decreased by a median value of 3.0 g/dL (range 0.4-6.0
g/dL) in 62 patients (97%). A decrease in Hb to less than
10 g/dL occurred in three patients (5%). No treatment
discontinuation for anemia was needed. Decreases in
platelet counts from baseline values were observed in
21 patients (33%), however none required treatment
discontinuation. Mild and moderate neutropenia
occurred in 23 (36%) and 26 (41%) patients, respective-
ly. Side-effects requiring treatment discontinuation
were decompensated diabetes, ALT flares and vomiting
not responding to anti-emetic drugs. 

Discussion

This study demonstrates that the combination of Peg-
IFNα2b and ribavirin is an efficacious and safe treat-
ment for hemophilic patients with chronic hepatitis C.
The 50% rates of sustained virological response
obtained in patients infected with difficult-to-treat HCV
genotypes 1 or 4 mimic the results of the phase III trials
in non-hemophilic patients that led to the licensing of
Peg-IFN and ribavirin for the treatment of treatment-
naïve patients with chronic hepatitis C.7,9 A 24-week
treatment course was sufficient to treat patients with
genotypes 2 and 3, who had a sustained virological
response rate as high as 86%. A sustained virological
response was strongly associated with an early virolog-
ical response, also in patients with unfavorable predic-
tors as genotypes 1 or 4.16 These good efficacy findings
were somewhat unexpected, because hemophilic
patients with chronic hepatitis C have long been consid-

ered difficult-to-treat patients, since they often carry
more than one predictor of poor therapeutic response,6,10

such as male gender, genotype 1 and cirrhosis.17 Why
males and carriers of genotype 1 (and 4) resist interfer-
on-based therapies more than females and carriers of
genotypes 2 and 3 is still unclear. Males are suspected of
having more aggressive hepatitis C and to cluster more
co-morbidities that attenuate the effectiveness of inter-
feron.18 Interferon hyporesponsiveness to genotype 1
may be related to virus structure19 and/or to pre-treat-
ment HCV-RNA load.20,21 However, our findings of no
correlation between pre-treatment load and sustained
virological response in hemophilic patients with geno-
type 1 or 4 suggests that factors other than the degree of
HCV load are involved in interferon hyporesponsive-
ness of these difficult-to-treat patients. 

This study confirms that cirrhosis predicts interferon
hyporesponsiveness in hemophilic patients,22,23 because
only 14% of those with clinical evidence of cirrhosis
responded to combination therapy compared to 69% of
those without. It cannot be ruled out, however, that
such a large difference in response between cirrhotic
and non-cirrhotic patients reflects a bias in patient selec-
tion, the small size of the study and the relatively low
accuracy of a diagnosis of cirrhosis made on clinical evi-
dence. There was a positive relationship between pre-
treatment ALT levels and rates of sustained virological
response, a finding that links interferon responsiveness
in some way to the degree of hepatic inflammation.24

As expected, there was a trend for higher rates of sus-
tained virological response among patients compliant to
the scheduled doses and duration of therapy than in
those who were non-compliant. In non-hemophilic
patients intention-to-treat analysis of phase III trials
clearly demonstrated that rates of sustained virological
response to ribavirin and standard interferon were high-
er for patients who did receive more than 80% of sched-
uled drug dosages for periods longer than 80% of the
expected treatment duration.25 The low rates of treat-
ment discontinuation (14%) in our study may be par-
tially accounted for by the peculiar characteristics of
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Table 3. Epidemiological, clinical and virological characteristics of the patients according to virological response to combination thera-
py.

Patients’ characteristics Sustained virological responders Non responders p value
(n=40) (n=24)

Median age, years (range) 36 (20-59) 31 (20-64) ns
Median disease duration, years (range) 28 (18-53) 26 (15-43) ns
Median ALT, IU/L (range) 111 (41-405) 75 (48-316) 0.016
Median HCV-RNA, IU/mL (range) 5.5×105 (1.7×104-2.8×106) 6.6×105 (1.6×105-1.2×106) ns
HCV type 1 or 4 21/42 (50%) 21/42 (50%) 0.008
HCV type 2 or 3 19/22 (86%) 3/22 (14%)
Cirrhosis 1 (2.5%) 6 (25%) 0.02
Compliant to full dose 20/28 (75%) 8/28 (29%) ns
Early virological response 28/33 (75%) 5/33 (15%) < 0.0001



hemophilic patients, who are highly compliant with
HCV treatment because they are accustomed to comply
with the treatment for their chronic disease. An addi-
tional factor that perhaps kept the rates of treatment
discontinuation low was the close co-operation
between hematologists and hepatologists, resulting in
early treatment of hematologic side-effects such as
hemolytic anemia and neutropenia.

In conclusion, treatment with Peg-IFNα2b and rib-
avirin at dosages comparable to those offered to non-
hemophilic patients was highly efficacious, well tolerat-
ed and safe in hemophilic patients with chronic hepati-
tis C.

Appendix
Hepatitis Study Group of the Association of Italian

Hemophilia Centers. A. Rocino, Hemophilia Center, San

Giovanni Bosco Hospital, Naples; A Iorio, Hemophilia Center,
Policlinico Hospital, Perugia; A. Dragani, Hematology
Department, Ospedale Civile dello Spirito Santo, Pescara; G.
Barillari, Transfusional Unit, "S. Maria della Misericordia"
Hospital, Udine; G. Tagariello, Hemophilia Center,
Castelfranco Veneto; R. Nicolin, Division of Infectious
Diseases, S. Bortolo Hospital, Vicenza. 

MEM, MGR, ES, PMM and MC conceived and designed the
study; MEM, SL, AC and all the members of the Hepatitis Study
Group listed in Appendix contributed to the collection of clinical
and laboratory data; MEM, SL and AC contributed to the inter-
pretation and the analysis of clinical and laboratory data; MEM,
MGR and ES wrote the article; PMM and MC revised it critical-
ly. All authors approved the final version of the manuscript. The
authors declare that they have no potential conflicts of interest. 
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Effect of NOD2/CARD15 variants in T-cell depleted
allogeneic stem cell transplantation

Gastrointestinal mucosal damage and
subsequent bacterial translocation
seem to play a pivotal role in the ini-

tiation and maintenance of the inflammato-
ry status that leads to graft-versus-host dis-
ease (GVHD).1 In this sense, gut decontami-
nation has been shown to protect against
GVHD in animal models2 and also in the
clinical setting.3 The NOD2/CARD15 gene is
involved in the innate immune response
against bacterial infections in the gastroin-
testinal tract; it has recently been shown that
variants of this gene are associated with a
higher incidence of acute GVHD and trans-
plant-related mortality after allogeneic stem
cell transplantation.4,5 Nod2 is a cytosolic
protein belonging to the nucleotide-binding
oligomerization domain (NOD) family. It is
involved in the maintenance of commensal
and gastrointestinal mucosal homeostasis;6 it
recognizes muramyl dipeptide (MDP), a
component of peptidoglycan present in the
cell wall of Gram-positive and Gram-nega-
tive bacteria. Upon ligand binding, Nod2
oligomerizes and activates the nuclear factor
κB (NF-κB) signaling pathway inducing the

transcription of several genes encoding
proinflammatory cytokines.7 Nod2 is
expressed mainly in monocytes, macro-
phages, dendritic cells and Paneth cells.8

Nod2 contains three distinct functional
domains: multiple carboxy-terminal leucine-
rich repeats, a centrally nucleotide binding
domain and two amino-terminal caspase
recruitment domains. Three common single
nucleotide polymorphisms (SNP) in the
leucine-rich repeats domain - SNP8
(R702W), SNP12 (G908R) and SNP13
(L1007finsC) - have been previously associ-
ated with an increased risk of Crohn’s dis-
ease.8 It has been suggested that these vari-
ants might be associated with an abnormal
inflammatory response against normal bac-
terial flora.9 These NOD2/CARD15 variants
have also been associated with the incidence
of grades III-IV acute GVHD.4 Holler et al.
suggested that such an association was due
to an increased release of cytokines for recip-
ients with the polymorphisms, causing a
stimulation of recipient dendritic cells and
donor T cells.4 We hypothesized that an
abnormal inflammatory response associated
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Background and Objectives. Three single nucleotide polymorphisms (SNP) in the
NOD2/CARD15 gene have been associated with the incidence and the severity of acute
graft-versus-host disease (GVHD) following allogeneic stem cell transplantation (SCT).
We hypothesized that the clinical effect of SNP in NOD2/CARD15 might be different in
patients submitted to T-cell-depleted allogeneic SCT, in which donor T cells, the main
effectors of GVHD, are eliminated.

Design and Methods. SNP 8, 12 and 13 in NOD2/CARD15 were studied using a
Taqman protocol in 85 patients undergoing HLA-identical, T-cell-depleted SCT and in 71
of their sibling donors.

Results. NOD2/CARD15 variants were present in nine (11%) patients and six (8%)
donors. The incidences of acute GVHD and chronic GVHD were not associated with
either the donors’ or recipients’ NOD2/CARD15 variants. In contrast, these genetic
variants were associated with a lower disease-free survival (17% vs. 48%, p=0.03).
Death due to pulmonary infection was more frequent in the group of patients with
NOD2/CARD15 variants. In the multivariate analysis, only NOD2/CARD15 variants (RR
2.3, p=0.04) and older age (RR 2.2; p=0.04) were independent prognostic factors for
disease-free survival.

Interpretation and Conclusions. NOD2/CARD15 variants have a deleterious effect on
clinical outcome in T-cell-depleted allogeneic SCT, which is independent of GVHD.
These results supports the hypothesis that the detrimental effect of NOD2/CARD15
variants in such a transplant setting might be produced by an alteration of the innate
immune system more than by activation of the adaptive immune system.

Key words: NOD2/CARD15, polymorphisms, stem cell transplantation.
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