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Abstract
Objective
The aim of the present study is to provide information on clinical outcome of the patients affected by HCV-positive mixed
cryoglobulinemia (MC) treated with PEG-IFN and Ribavirin for 6 or 12 months according to the HCV genotype.

Methods
Eighty-six patients (42 women and 44 men) were enrolled in 8 Italian centres. All the patients had MC in the active
phase of the disease. The patients received Peginterferon alfa-2b 1.5 mcg/kg/once a week (QW) and daily oral Ribavirin
(800/1,000/1,200) according to their body weight for 48 weeks for genotype 1 and 4 and for 24 weeks for genotypes 2 and 3.

Results
In the 44 patients who underwent 12 months of therapy, 17 cases (39%) could be considered as “non-responders” and 11
relapsed, therefore only 16 patients (36%) obtained a sustained virological response. In the 42 patients who underwent
six months of therapy only 7 cases (17%) could be considered as “non-responders” and 8 relapsed, therefore 27 patients
(64%) obtained a sustained virological response. Purpura score dropped in both group (p<5.79 x 107) and only 5 cases
of the group A (11%) and 5 of the group B (12%) did not show any improvement. Arthralgias showed a similar behaviour.
Many patients relapsed after the end of the treatment.

Conclusion
This study documents a lower response rate than that observed in the clinical trials with HCV chronic hepatitis, but the
presence of comorbidities and older age should be taken into consideration. Most patients (88.5%) showed a complete and
persistent recovery from clinical symptoms.

Key words
hepatitis C virus, mixed cryoglobulinemia, antiviral therapy, HCV genotype, cryoglobulinemic glomerulonephritis

Clinical and Experimental Rheumatology 2011; 29: 933-941.



Peg-interferon and ribavirin in mixed cryoglobulinemia / C. Mazzaro et al.

Cesare Mazzaro, MD
Giuseppe Monti, MD
Francesco Saccardo, MD
Anna Linda Zignego, MD, PhD
Clodoveo Ferri, MD
Salvatore De Vita, MD
Armando Gabrielli, MD
Marco Lenzi, MD

Carlo Donada, MD
Massimo Galli, MD
Maurizio Pietrogrande, MD
Gabriele Pozzato, MD

Please address correspondence
and reprint requests to:

Cesare Mazzaro, MD,
Department of Internal Medicine,
Pordenone General Hospital,

Via Montereale 24,

33170 Pordenone, Italy.

E-mail: mazzaro@iol.it

Received on February 3, 2011, accepted in
revised form on May 20, 2011.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2011 .

Competing interests: M. Galli has been

a member of speakers’ bureau or has re-
ceived grant support in the last five years
from BMS, MSD, BI, Roche, Abbott, GSK,
ViiV, Jansen, and Gilead;

the other co-authors have declared no
competing interests.

Introduction

At present, the current standard treat-
ment for chronic hepatitis C is well es-
tablished i.e.the combination of pegylat-
ed interferon (IFN) alfa and ribavirin.
Even the efficacy endpoint of hepatitis
C treatment is well defined as the “sus-
tained virological response” (SVR), i.e.
the absence of detectable HCV RNA in
serum as assessed by an HCV RNA as-
say 24 weeks after the end of treatment
(1). The decision to treat patients with
chronic hepatitis C depends on multiple
parameters, including a precise assess-
ment of the severity of liver disease and
of its foreseeable outcome, the presence
of absolute or relative contra-indications
to therapy, and the patient’s willingness
to be treated (2). The HCV genotype is
systematically determined before treat-
ment, since it determines the indication,
the duration of treatment, the dose of
ribavirin and the virological monitor-
ing procedure (3). The monitoring of
HCV-RNA load during the treatment
allows clear stopping rules to avoid
useless and expensive antiviral therapy
(4). All these guidelines are the product
of the careful and precise follow-up of
hundred thousands of patients treated
in dozen of multicentre randomised tri-
als carried out in several hepatological
centres scattered in USA, Europe and
Japan.

Despite many HCV carriers show de-
tectable levels of cryoglobulins, only
a small proportion of patients with
chronic hepatitis C are also carriers of
a symptomatic mixed cryoglobuline-
mia (MC) (5). Given the great hetero-
geneity of the disease, where several
pathological conditions and multi-or-
gan involvement can be present in the
same patient (6), clear indications for
therapy, shared by most clinicians, are
lacking. For these cases no clear rules
have been established, neither for when
to initiate the antiviral treatment, nor
which is the endpoint of the therapy.
In fact, some patients do not show any
hepatic damage, while having renal or
neurological involvement (7), and oth-
ers show severe hepatic disease associ-
ated with autoimmune disorders (and
therefore with major contraindications
to IFN therapy) (8, 9). In addition, the
number of subjects affected by MC is
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small and most cases come from Italy
and France (10-13). Given this situa-
tion, to carry out randomised trials is
not easy, therefore, the “Gruppo Ita-
liano per lo Studio della Crioglobuline-
mia” (GISC) promoted the collection
of data concerning the treatment of MC
with pegilated-interferon (PEG-IFN)
and ribavirin in the main Italian centres.
The aim of the present study is to pro-
vide further information on clinical out-
come of HCV-positive patients treated
with PEG-IFN.

Patients

Eighty-six patients (42 women and 44
men, mean age 54+11, range 29-75
years) affected by MC were enrolled
in the study between 2004 and 2008 in
8 Italian centres. The inclusion criteria
for the study were as follows: 1) chron-
ic active HCV infection (i.e. presence
of anti-HCV antibodies associated with
detectable levels of serum HCV-RNA),
2) signs of MC vasculitis in the absence
of any other condition known to cause
vasculitis, 3) treatment with PEG-IFN
alfa-2 plus ribavirin for a minimum of 6
months, and 4) a minimum of 6 months
of follow-up after discontinuation of the
combination anti-HCV treatment. The
only exclusion criteria were the pres-
ence of either hepatitis B surface antigen
or anti-human immunodeficiency virus
antibodies. A fraction of these patients
(27 cases 31%) had received antiviral
therapy in the past (usually IFN 3MU
three time a week for 6 or 12 months),
but none had been treated with PEG-
IFN. Most patients received steroids or
other immunosuppressive agents, but
none had been treated with anti-CD20
antibodies. This study, therefore, is not
randomised and all the patients were
treated in open manner. Since most cen-
tres used the same PEG-IFN with the
same treatment schedule, the collected
data are comparable, giving thus the op-
portunity to determine the efficacy and
the safety of the antiviral therapy in the
largest MC population ever collected.
Diagnosis was based on standard crite-
ria, and most patients showed the pres-
ence of an active disease i.e. vasculitic
purpura, arthritis, asthenia and skin
ulcers. In addition to these common
symptoms, 8 patients (9%) showed



Raynaud’s phenomenon, 9 cases (10%)
had “sicca syndrome”, 22 cases (25%)
had peripheral sensitive neuropathy
(7 of them also motorial) and 9 cases
(10%) had nephropathy (1 had me-
sangioproliferative glomerulonephritis
while the others membranoprolifera-
tive glomerulonephritis).

Five patients had non-Hodgkin’s lym-
phoma (6%). Four of them had lympho-
plasmacytoid lymphomas, confirmed
by bone marrow biopsy, and one had a
lymphoma of the kidney (not well his-
tologically defined).

All patients were Caucasian, heterosex-
uals and only two (2.3%) had history
of intravenous drug abuse; the source
of infection was transfusion of blood
products in 14 cases (16.3%), surgical
procedures in 19 cases (22%), medi-
cal care occupation in 7 cases (8.1%),
contact with an HCV-positive relatives
in 3 cases ( 3.5%) and unknown in the
others (45 cases: 52.3%). All patients
gave their informed consent before en-
try into the study.

Methods

Values for the liver function tests as
well as haematological parameters
were determined by usual laboratory
methods. Rheumatoid factor (RF), C3
and C4 fractions of complement were
measured by rate nephelometry. In most
centres, the cryoglobulin determination
was performed according to standard
methods as previously reported (14): the
cryoprecipitates, diluted in 0.5 M NaCl,
were fractionated by high-resolution
gel electrophoresis to type cryoglobu-
lins. Individual monoclonal bands were
identified by immunofixation after elec-
trophoresis using a cellulose acetate
strip impregnated with antibodies spe-
cific for heavy and light chains. Mixed
cryoglobulins were classified as type II
on the basis of the presence of mono-
clonal IgM immunoglobulins with RF
activity complexed with polyclonal
IgG, and as type III in the presence of
polyclonal immunoglobulins.

Purpura scoring system

To assess the severity of vasculitis, the
following clinical scoring system was
used: A score of O indicated the ab-
sence of skin lesions; a score of 1 the
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presence of less than 10 purpura spots
on the lower leg; a score of 2 the pres-
ence of more than 10 spots on the lower
leg; a score of 3 the extension of the
spots to the upper leg and/or the abdo-
men; and a score of 4 the presence of
skin ulcers and/or gangrene.

Arthralgias scoring system

To assess the severity of the arthralgias a
clinical score was used: 0 no arthralgias,
1 occasional arthralgias, 2 continuous
arthralgias, 3 intense arthralgias with
impairment of the movements. A liver
biopsy was performed in the patients
showing clinical and laboratory signs
of chronic liver disease. Samples were
placed in buffered formalin, stained
with haematoxylin and eosin, and, for
reticulum, with Gomori stain. In each
biopsy the disease activity and fibrosis
were assessed according to METAVIR
(15) scoring system. The activity (A)
was graded according the intensity of
the necro-inflammatory lesions: AO: no
activity; Al: mild activity; A2: moder-
ate activity; A3: severe activity. The
stage of fibrosis (F) was graded as fol-
lows: FO: no fibrosis; F1: portal fibrosis
without septa; F2: portal fibrosis with
some septa; F3: portal fibrosis with nu-
merous septa: F4: cirrhosis

Virological studies

Hepatitis B virus (HBV) and human
immunodeficiency virus (HIV) mark-
ers were detected by enzyme-linked
immunosorbent assay (ELISA) using
commercially available kits. The pres-
ence of anti-HCV antibodies was as-
sayed by the second generation (four-
antigen) immuno-enzymatic screening
test ORTHO-HCV (Ortho Diagnostic
Systems, Raritan, NJ, USA). The pres-
ence of HCV-RNA in the serum was
assessed by nested PCR amplification
of the conserved 5’ untranslated region
(5’UTR) of HCV. The HCV genotypes
were determined with the line probe
assay (Inno-Lipa HCV; Innogenetics,
Zwijnaarde, Belgium).

Therapy

The subjects, according the most recent
guidelines, were treated on the basis of
the HCV genotype:

— Peginterferon alfa-2b (Peglntron,
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Schering-Plough,) 1.5 mcg/kg/once
a week (QW) for 48 weeks for geno-
type 1 and 4 and for 24 weeks for
genotypes 2 and 3.

— Ribavirin  (Rebetol,  Schering-
Plough) 800 mg for the patients with
a body weight less than 65 kg, 1,000
mg/daily for those with body weight
65-85 kg, and 1,200 mg for those
above this weight, for 48 weeks for
genotype 1 and 4 and for 24 weeks
for genotypes 2 and 3.

Criteria for therapy evaluation

As indicated in previous reports (16,
17), the response to treatment was split
into four separate categories: 1) Viro-
logical response 2) Biochemical re-
sponse 3) Immune response 4) Clinical
response. All the patients were evalu-
ated at the end of treatment (EOT)
and at the end of follow-up (EFU). All
patients were followed for at least 12
months after the end of therapy.
Virological response: effect of treat-
ment on HCV-RNA. Sustained viro-
logical response (SVR): loss of HCV-
RNA at the end of follow-up. Relapse:
loss of HCV-RNA at the end of treat-
ment but positivity at the end of follow-
up (6 months). No response: persistent
positivity during therapy and at the end
of follow-up.

Biochemical response: effect of therapy
on ALT; normal value was considered
40 TU/L. Complete response: normali-
sation of the serum ALT level during
treatment followed by normal ALT val-
ues lasting for 6 months after discon-
tinuation of therapy. No response: ALT
out of normal value during treatment
and follow-up. Relapse: normalisation
of the serum ALT level during treat-
ment followed by return to abnormal
values during follow-up. In some pa-
tients this parameter was not consid-
ered, since the ALT level was normal at
the beginning of the treatment.
Immune response: effect of therapy
on serum RF concentration and cryo-
crit level; normal value for RF was
considered as 0-40 IU/mL. Complete
response: normalisation of serum RF
concentration and disappearance of
circulating cryoglobulins. Partial re-
sponse: reduction (but not normalisa-
tion) of RF and cryoglobulins =50%.
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No response: Reduction <50% of RF
and cryocrit levels or stable levels.
Relapse: partial or complete normali-
sation of serum RF and cryoglobulins
during therapy followed by return to
higher values during follow-up.
Clinical response: effect of therapy on
the clinical manifestations of the disease
(including purpura, arthralgia and weak-
ness). Complete response: disappear-
ance of all clinical signs of the disease.
Partial response: improvement of the
clinical symptoms (reduction of the pur-
pura score =50%). No response: reduc-
tion of the purpura score <50% or stable
disease. Relapse: partial or complete
normalisation of clinical symptoms dur-
ing therapy followed by return to higher
score after the end of treatment.

In addition to the above-indicated cri-

teria for therapy evaluation, additional

criteria were added for the patients af-
fected by cryoglobulinemic glomerulo-
nephritis:

1) Complete response: normalisation
of serum creatinine, normalisation
of proteinuria.

2) Partial response: decrease of cre-
atinine and of proteinuria more than
50%,

3) Minimal response: decrease of cre-
atinine, decrease of proteinuria less
than 50%

4) No response: no modification or im-
provement less than 10% of creati-
nine and of proteinuria

Follow-up

Biochemical and clinical parameters
were determined each two weeks dur-
ing first two months of therapy and,
subsequently, each month. During the
follow-up, the patients were referred to
the centre each two months up to the
12" month. Auto-antibodies were de-
termined every 3 months and thyroid
function tests every 6 months. Determi-
nations of HCV-RNA were performed
before starting the therapy, at week
4t 12" at the end of treatment (EOT)
and at the end of follow-up (EFU). All
patients were followed for at least 12
months after the end of therapy.

Statistical analysis
Descriptive statistics were performed,
including proportions, means and

standard deviations (SD) of relevant
variables.

Results

Biochemical and histological findings
The main clinical, laboratory, and histo-
logical findings of patients are present-
ed in Table I. The age of the patients is
expressed as years at the start of thera-
py. The liver biopsy was obtained from
most patients (92%). The liver biopsy
was not performed in 7 patients: in six
of them the biopsy was not done since
they showed normal liver function tests
over 2 years of follow-up before thera-
py and normal liver at the ultrasonog-
raphy, while one patient with abnormal
liver function tests refused the biopsy.
A chronic liver disease of variable se-
verity was found in these subjects (Ta-
ble I). The low prevalence of liver cir-
rhosis in our group of patients (4 cases
only, 5%) is due to the enrolment of
cases mainly from rheumatological in-
stead from hepatological centres.

Virological findings

HCV-RNA was detected in all sub-
jects before therapy. HCV genotyping
showed a genotype distribution differ-
ent from that observed in patients af-
fected by chronic hepatitis. Genotype 1
was detected in 42 cases (49%), while a
large number of infections from geno-
type 2 (33 cases, 39%) was found (Ta-
ble II). In one patient (1%) the HCV
genotype was not determinable.

Therapy outcome

Forty-four patients (51%) received
combination therapy for twelve months
(all the cases with genotype 1 and 4 plus
the case with undetermined genotype
and 2 cases with genotype 3) (Group
A), while the others (42 cases, 49%)
(all the cases with genotype 2 and 7 out
9 of genotype 3) received therapy for
six months (Group B). The two groups
were not different for age (55+10 vs.
56+12 years), male/female ratio (1.1
vs. 0.9), length of the disease (8+2 vs.
8+2 years), severity of the disease i.e.
the same cryocrit level (5.6+5.7 vs.
6.3+£7.6 % p: 0.3 NS), the same purpura
score (2.2+0.7 vs. 2.0+0.7 p: 0.11 NS)
the same C4 level (8.8+6.2 vs. 9.5+5.8
mg/dl p: 0.3 NS), while the theumatoid
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factor was higher in group A than in
group B (256+378 vs. 168+164 U/L p:
0.01). Even the severity of the liver dis-
ease was the same as indicated by the
ALT level (114.5£70.2 vs. 135.4x134.5
U/L p: 0.2 NS) and by the liver histol-
ogy (A: 1.88+0.84 vs. 1.87+0.81; F:
1.95£0.97 vs. 1.97+£0.91).

Virological response

In the 44 patients who underwent
twelve months of therapy (group A),
at the end of the treatment, the HCV-
RNA became undetectable in 27 cases
(61%), therefore 17 cases (39%) could
be considered as ‘“non-responders’.
During the follow-up, 11 patients (41%
of responders) relapsed, therefore only
16 patients (37%) obtained a sustained
virological response.

In the 42 patients who underwent six
months of therapy (group B), at the end
of the treatment, the HCV-RNA be-
came undetectable in 35 cases (83%),
therefore only 7 cases (17%) could be
considered as “non-responders”. At the
end of follow-up, eight patients (23%
of responders) relapsed, therefore 27
patients (64%) obtained a sustained vi-
rological response.

Biochemical response

Five patients in group A (11%) and 7
in group B (17%) had normal ALT at
baseline, hence these cases were not
considered for this assessment. In
group A, at the end of the treatment,
25 patients showed normal ALT lev-
els (64%); at the end of the follow-
up, 14 subjects only showed complete
biochemical response (36%) while 11
were relapses (28%). In group B, at the
end of the treatment, 32 cases showed
normal ALT levels (91%). Since one
patient only relapsed (3%), most cases
(89%) showed a complete biochemical
recovery.

Immune response

At the end of the treatment, the mean
cryocrit level was significantly re-
duced in both groups (p<0.000009 and
p<0.0000004, respectively), but cry-
globulins were undetectable in only
14 cases in group A (32%) and in 20
cases in group B (48%). In six patients
(three in group A and three in group B)
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Table I. Clinical, biochemical, characteristics of the 86 HCV-MC patients at baseline.

Parameter

All MC patients (n=86)

Age ,years (median + SD)

Female, n (%)

HCYV genotype 1,n (%)

Elevated level ALT, U/L, mean n (%)
Liver necroinflammation score (0-3 scale)
Liver fibrosis score (0—4 scale)

Cirrhosis, n (%)

Purpura, n (%)

Arthralgias, n (%)

Peripheral neuropathy, n (%))
Sicca sindrome, n (%)
Raynaud’s phenomenon, n (%)
Renal involvement , n (%)

B cell lymphoma, n (%)
Cryoglobulin level (%)

Type 1I cryoglobulins, n (%)
Rheumatoid factor (U/L), n (%)
Low C4 complement level, n (%)

Previous antiviral therapy, n (%)

Previous corticosteroids, n (%)

Previous immunosuppressive agents, n (%)
Previous plasmapheresis, n (%)

56 +11
42 (48.8)
40 (46.5)
121 £70,13 (15.1)
19 +08
20+09
4 (4.6)

78 (90.6)
76 (88.3)
22 (25.5)
9 (104)
10 (11.6)
10 (11.6)
5 (5.8)

56 £6.0
10 (11.6)
78 (90.6)
77 (89.5)

23 (26.7)
14 (16.2)
4 (4.6)
3 (34

ALT: alanine-aminotransferase; Liver necro-inflammation and fibrosis were graded according to the

METAVIR scoring system.

Table II Clinical, biochemical data of the 86 MC patients at baseline, at the end of the treat-

ment, and the end of the follow-up.

Parameter Baseline End of therapy End of follow-up
Purpura score 0 1 2 3 0 1 2 3 0 1 2 3
n. of patients 5 9 46 26 74 5 7 0 59 9 16 2
Arthralgias score 1.02 £0.41 0.09 £ 0.29 0.29 £0.46
Peripheral neuropathy (%) 26% 13% 16%

Renal involvement (%) 12% 5% 7%

Sicca syndrome (%) 9% 6% 8%
Raynaud’s phenomenon (%) 9% 2% 6%

ALT (U/L)

Mean + SD 125 + 106 40+ 28 54 +51
Median + SD 100 + 106 32+ 28 32+51
Median (IQR) 100 (104) 32 (19) 32 (46)
Rheumatoid factor (U/L) 211 +320 175 + 324 197 + 348
Cryglobulin level (%) 56+6.0 24+45 3842

C4 serum level (mg/ml) 98+59 115+7.7 123+8.8

ALT: alanino-aminotransferase; C4: complement component four.

we observed a delayed response, since
cryocrit was detectable at the end of the
therapy, but undetectable at the end of
the follow-up. However, all these “late
responders” relapsed after some months.
At the end of the follow-up, the statis-
tically significant cryocrit reduction,
although inferior, was still observed
(»<0.00002 and p<0.000003 respec-
tively), while cryoglobulins were unde-
tectable in 10 cases in group A (23%)
and in 18 cases of group B (43%).

Three cases in group A (7%) and 2 in
group B (5%) showed normal RF lev-
els at baseline. In both groups the RF
levels decreased during combination
therapy but of less extent in group A
(p<0.01) than in group B (p<0.0002).
At the end of the follow-up, the mean
RF level returned to pre-treatment val-
ue in group A (256+378 vs. 244+400
p<0.15 NS), while in group B, after
the end of the therapy, a slight increase
was observed but the mean RF level is

937

still significantly lower than basal level
(168+164 vs. 123180 1U p<0.04).

At the end of the follow-up, only 3 pa-
tients of group A (7 %) end 9 patients of
group B (22%) normalised RF levels.
On the basis of the above reported crite-
ria, only 3 patients of group A (7%) and
7 of group B (17%) can be considered
complete responders, 12 cases of group
A (27%) and 20 in group B (48%) could
considered as partial responders, 4 cas-
es of group A relapsed (9%) as well as
2 cases of group B (5%). Twenty-five
cases in group A (57%) and 13 in group
B (31%) did not show response, hence
were considered as “non-responders”.

Clinical response

Purpura score dropped in both groups
(p<5.79 x 10''7) since near all patients
showed a quick disappearing of all skin
lesions. In fact, only 5 cases of group A
(11%) and 5 of group B (12%) did not
show any improvement of the purpura
score, and therefore were considered
as “non responders”. However, two of
these non-responders (1 in group A and
1 in group B) healed from purpura at
the end of the follow-up. A large frac-
tion of the patients of group A (16 cases,
36%) and a small fraction of group B (2
cases, 5%) relapsed after the end of the
treatment. Arthralgias showed a similar
behaviour. On the basis of the above
reported criteria, 23 cases of group A
(59%) and 34 in group B (83%) ob-
tained a complete clinical response.

Peripheral neuropathy

Twenty-two patients (26%) had clinical
signs of peripheral neuropathy at base-
line. Electromyography, performed in
the majority of patients (17 cases: 72%)
confirmed the diagnosis in all cases
and showed the presence of sensitive
neuropathy in all patients, while 7 of
them showed also motor neuropathy.
After the treatment, 9 patients (41%)
showed a complete clinical recovery
from neuropathy, 2 patients had a par-
tial response (9%), 10 patients did not
show any improvement (45%) and 1
patient worsened (5%). At the end of
the follow-up three patients relapsed
(27% of responders), therefore only
7 cases obtained complete response
(32%) and one a partial response (5%).
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Table III. Virological parameters of the 85 HCV-MC patients (in one case the genotype was
not determinable) at baseline, at the end of the treatment, and at the end of the follow-up.

Parameter Baseline End of therapy End of follow-up
(% of non responders) (% of non-responders
+ relapsers)

HCV-RNA (% of positivity) 100% 28% 51%

Genotype la 6 (7%) 2 (33%) 3 (50%)
Genotype 1b 36 (42%) 15 (42%) 25 (69%)
Genotype 2 33 (39%) 7 (21%) 14 (42%)
Genotype 3 9 (11%) 0 1 (11%)
Genotype 4 1 (1%) 0 0

At this time (EFU), electromyography
was repeated in only a small fraction of
cases (5 cases: 23%).

Cryoglobulinemic glomerulonephritis

Ten patients (12%) had clinical and
laboratory alterations of renal function:
mainly proteinuria ranging from 2 to 10
2/24 hours (mean value 5.1+2.6). The
kidney biopsy showed the presence of
membrano-proliferative glomerulone-
phritis type I in 9 cases (90%) and a
mesangio-proliferative  glomerulone-
phritis in one case (10%). During the
treatment, a reduction of daily pro-
teinuria was observed in the large
majority of patients (from 5.1+2.6 to
2.1£1.2 g/day p<0.05). However, at the
end of the treatment, 6 patients (60%)
showed a major (complete or partial)
response, while 4 (40%) did not show
any improvement of proteinuria. At
the end of the follow-up, 2 patients
relapsed (33%), therefore only 4 cases
(40%) could be considered long-term
responders. In these patients, a sec-
ond renal biopsy was not performed to

confirm the recovery from the kidney
disease.

Side effects of the therapy

Five patients (9%; three in group A
and two in group B) interrupted the
treatment: one at third month for se-
vere depression, one at fourth month
for severe weight loss, moderate de-
pression and skin lesions, one at forth
month for the worsening of peripheral
neuropathy, one at fifth month for in-
creasing title of anti-nuclear antibodies
(without clinical symptoms), and one
at ninth month for thrombocytopenia
and neutropenia. A dose reduction of
Peginterferon therapy was required for
two subjects (one in group A and one
in group B) showing neutropenia and/
or thrombocytopenia: overall dosage of
Peginterferon was 81% and 94%, re-
spectively. All the other patients com-
pleted therapy with 100% dose compli-
ance. Ribavirin dose was reduced for 3
subjects (2 in group A and one in group
B), that reached 90%, 87% and 92%
of the forecasted total dosage. One of

these cases required erythropoietin
therapy. All other patients achieved
100% compliance.

Discussion

In previous study (17), we used a lower
Peg-interferon alfa-2b dosage in com-
parison to what described on HCV
updated guidelines and the treatment
duration was 12 months for all viral
genotypes. This therapeutic schedule
was adopted in order to enhance drug
tolerability and to minimise drop-out
rate. Since the complete virological
responders were disappointingly low
(44%), in this large cohort of patients
affected by MC the length of the ther-
apy was 6 or 12 months, according the
HCV genotype, and the Peginterferon
alfa-2b and ribavirin dosage regimens
were the same used in HCV-chronic
hepatitis without cryoglobulins. This
approach is particularly useful since,
as previously indicated by Zignego and
co-workers (18), the HCV genotype 2
shows a significantly higher prevalence
in the patients with MC than in patients
with chronic hepatitis who did not
have MC, allowing a shorter treatment
period in a large fraction of MC cases.
It is not clear whether this genotype is
endowed with a greater lymphotropism
or induces a different host immune
reactivity, but some observations that
genotype 2 is particularly frequent in
patients with anti-liver-kidney micro-
somal autoantibody-positive type 2 au-
toimmune hepatitis further supports the
possibility of a peculiar pathogenetic
role for this genotype (19).

Table IV. Comparison of group A (HCV-genotype 1 or 4) and group B (HCV-genotype 2 or 3) at baseline, and behaviour of the main
parameters the end of the treatment, and at the end of the follow-up.

Age A F ALT Cryo RF Purpura C4

years Activity score Fibrosis score U/L % U/L score mg/dl
A vs. B (at baseline) NS NS NS 0.2 : NS 0.3: NS p<0.01 0.1 : NS 0.3 : NS
Group A baseline 55 +10 19+08 19+09 114 £70 56+57 256 +378 2207 88+62
Group A therapy end - - 49 +34* 2.5+ 45° 225 +385% 02 +0.6" 103+82
Group A follow-up - - 70 £ 61%F 2.7+ 3.7°° 244 +400 0.7+09 104+92
Group B baseline 56 £12 1.9+08 1909 135 +134 63+76 168 + 64 2007 95+58
Group B therapy end - - 31 +16° 20+3.7° 113 +1438% 0.2 +0.6" 11574
Group B follow-up - - 31 £27°° 4.1+ 65°° 123 =180 03 +0.7 123+78

Groups A and B are homogeneous at baseline, only RF levels are significantly higher in group A. At the end of the treatment ALT activity, Cryoglobulin
level, Rheumatoid factor levels and purpura score dropped significantly in both groups. *p<0.0000006; °p<0.000009; * p<0.01; **p<0.00003; °°p<0.00002;

$p<0.0002.
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Our results show a overall rates of com-
plete virologic responses of 36% of the
patients with genotype 1 and 4 and of
64% of the patients with genotype 2
and 3. To compare this limited number
of MC patients with the very large
number of patients with HCV chronic
hepatitis is rather difficult. However,
the number of long-term responders of
our study is largely lower than that ob-
served in the three most relevant and
quoted studies on this topic i.e. Manns
et al. (2316 patients) (20), Fried et al.
(1459 patients) (21) and Hadziyannis
et al. (1736 patients) (22). In these pa-
pers the response rate for geno-type 1—
4 ranges from 42 to 52% and for geno-
type 2-3 from 76 to 80%. The lower
proportion of complete responses does
not necessary indicate that mixed cry-
oglobulinemia subjects have a more
advanced liver disease coupled with
negative prognostic factors (immuno-
logical alterations could be blamed for
HCYV enhanced resistance to anti-viral
treatment), but this can be secondary to
a different patient enrolment. In fact,
in the above-reported papers, a very
large number of patients were not en-
rolled (786, 310 and 425, respectively)
for several medical conditions such as
renal disease, or thrombocytopenia or
peripheral neuropathy or others; on
the contrary, in our series, a significant
fraction of our cases was affected by
these disorders (12% had renal disease,
26% neuropathy, 5% Raynaud phe-
nomenon, 8% thrombocytopenia), this
means that at least 50% of our patients
should not be admitted in those trials.
In addition, cryoglobulinemic patients
are generally older than chronic hepati-
tis C patients without MC (55+11 years
in our series as compared with 42+10
in Fried et al. or with 47+8 in Manns
et al., and Hadziyannis et al.). On the
contrary, the comparison of our patients
with the largest cohort of HCV chronic
liver disease so far collected in Italy
i.e. the PROBE Project (2149 Italian
patients) shows minor clinical differ-
ence: the mean age of this unselected
cohort is 49+13 years, and the response
rate is not so different: 41% for geno-
types 1-4 and 70% for genotypes 2-3
(23). In the PROBE Project the overall
response rate (all genotype) is 56.5%,
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but this percentage decreases to 48% in
the subjects over 65 years of age, in-
dicating the importance of the patient
age, and decreases to 34% in the pa-
tients with comorbidities (obesity, dia-
betes, renal diseases etc.). Since most
patients with MC have, by definition, at
least one comorbidity (purpura second-
ary to vasculitis) the lower virological
response rate is thus easily explained.
Apart from the rather satisfactory viro-
logical response, most patients (88.5%)
showed a complete and persistent re-
covery from clinical symptoms (pur-
pura, arthralgias and weakness). This
is exactly the same result obtained by
Cacoub et al. (86.3%) with a prolonged
treatment with combination therapy of
variable length (13+4 months) (24).
The clinical and virologic responses
were not closely correlated, since a
large fraction (46%) of virological
non-responders experienced a com-
plete recovery from purpura, that did
not relapse at the end of the treatment.
Only four non-responders (17%) did
not show any improvement of clinical
symptoms. On the contrary, among re-
sponders/relapsers only 4 patients did
not have relief from purpura and the
other clinical symptoms. As shown in
this and in many previous reports, the
patients with HCV-MC may remain in
clinical remission despite the persist-
ence of viremia (25, 26). Besides its
antiviral activity, IFN also has antipro-
liferative and immunomodulatory prop-
erties (27), which may account for the
clinical response in the non responders
from a virological point of view.

The results of therapy on the immu-
nological parameters are difficult to
explain. The disappearance of circulat-
ing cryoglobulins (the goal of the treat-
ment) was obtained in only a fraction
of the patients who cleared HCV-RNA,
this means that a large fraction of vi-
rological responders had measurable
levels of cryoglobulins, even without
clinical symptoms. The behaviour of
RF is even less satisfactory since only a
very small fraction of patients (12 cas-
es, 14%) showed normal levels at the
end of the follow-up. Taken together,
these results indicate a scarce activity
of antiviral therapy on immunologi-
cal alterations of MC. This is in con-
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trast with the excellent clinical results.
The persistence of cryoglobulins and
rheumatoid factor after viral eradica-
tion supports the hypothesis that anti-
viral treatment interferes partially with
lymphocyte B clone activity. In fact,
the persistence of subtle immunologi-
cal alterations, such as abnormal sIL2r
(28,29) or sCD30 serum levels (30, 31)
have been observed by some authors
after the HCV-RNA clearance. Alter-
natively, “cryptic” HCV replication
(as occurs in HBV infection) might be
present in the immune system (spleen,
bone marrow, lymph nodes) giving
a viremia below the sensitivity of the
available assay, but sufficient to induce
the production of RF or cryoglobulins
(32-34). Given this situation, it is likely
that a longer treatment period, perhaps
18 or 24 months, could be necessary to
obtain a complete immunological out-
come, as suggested by Cacoub et al.
(24) who treated with PEG-IFN plus
ribavirin 40 MC patients for over 14
months and, at the end of the follow-
up, obtained high immunological (but
not virological) responses (57%).

Patients with kidney involvement had
less probability to respond to antiviral
therapy, in fact, only 4 cases (40%)
could be considered as long-term re-
sponders. A significant decrease in
proteinuria was observed in virologic
responders and relapsers, whereas no
significant change in the serum creati-
nine level was seen. Nephropathy is a
major cause of morbidity and mortal-
ity in MC (35, 36). However, data on
the treatment of patients with cry-
oglobulinemic glomerulonephritis are
scarce. Consistent with our results, 2
other studies showed a loss of proteinu-
ria in sustained viral responders treated
with IFN plus ribavirin (37, 38). Kid-
ney injury could result from the fixa-
tion of circulating immune complexes
containing HCV antibodies, HCV an-
tigens, and complement on glomerular
capillaries in the mesangium (39). In a
recent study, Rossi et al. (40) showed
an improvement in serum creatinine
levels and a decrease in renal injury in 3
patients, with persistence of glomerular
lesions on the second renal biopsy after
antiviral treatment withdrawal. This
suggests that deposition of immune
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complexes leads to definitive glomeru-
lar lesions, therefore, early treatment
with antiviral agents is needed before
definitive sclerosis occurs.

Although interferon treatment has
sometimes been associated with a
worsening of immunological outcome
of cryoglobulin-associated peripheral
neuropathy, in our study we observed,
during therapy, an overall response rate
of 50% (complete plus partial respons-
es). Only one patient worsened (5%)
and therapy was withdrawn. Though
some patients relapsed and only 7 cases
(32%) obtained a complete response,
these results confirm the safety and the
efficacy of combination therapy in HCV
subjects with peripheral neuropathy.

In the last five years, several papers
reported data on the efficacy of rituxi-
mab, an anti-CD20 monoclonal anti-
body, in patients with HCV-MC active
vasculitis (41, 42) and in some life-
threatening manifestation of MC such
as abdominal vasculitis (43). It ap-
pears that rituximab is very efficacious
against cryoglobulin production and its
clinical consequences (i.e., inflamma-
tory vascular lesions). However, those
studies did not allow conclusions on the
efficacy of this therapy on peripheral
neuropathy and nephropathy (44, 45).
Since the virological response seems
not to be closely related with clini-
cal response, and since some patients
showed persistent clinical symptoms
despite the clearance of HCV-RNA,
the anti-CD20 treatment could be very
useful in the virological responders
with persistent clinical symptoms, to
eliminate the surviving B lymphocyte
clones responsible of cryoglobulin pro-
duction. A recent paper indicates the
efficacy and safety of the anti-CD20
treatment even in advanced liver cir-
rhosis: despite a transient increase in
the HCV-RNA concentration, the liver
function showed a improvement (46).
Even the use of anti-CD20 treatment in
association with antiviral therapy (47)
has been recently explored in HCV-MC
and the results indicate a increase of the
virological response rate and a decrease
of the relapse. These surprising results
seem to be associated with the higher
efficacy of anti-CD20 to eliminate the
monoclonal B-cell population present

in the peripheral blood of MC patients.
However, other authors did not find any
difference in the virological response
rate, perhaps for a different treatment
schedule (48, 49). Both studies indicate
a better immunological and clinical re-
sponse rate, therefore, the innovative
association of antiviral and anti-CD20
treatment seems well tolerated and
more effective than Peg-IFN plus riba-
virin in severe HCV-MC.

In conclusion, our data with Peg-IFN
document a lower response rate than
that observed in the most large clini-
cal trials with HCV chronic hepatitis,
but the presence of comorbidities and
older age should be taken in consid-
eration. Peg-IFN plus ribavirin seem a
safe and effective therapy in hepatitis C
mixed cryoglobulinemia patients, but
the association with anti-CD20 should
be taken into consideration especially
for the cases with severe disease. Fur-
ther clinical research is needed to prove
whether the addition of the new anti-
viral drugs such as boceprevir (50) or
telaprevir (51), that have been recently
shown to improve the rate of SVR in
patients with a chronic HCV genotype
1 infection, are also able to increase the
rate of virological response and reduce
the relapse rate of patients with MC.

References

1. TEOH NC, FARRELL GC, CHAN HL: Individu-
alisation of antiviral therapy for chronic hep-
atitis C. J Gastroenterol Hepatol 2010; 25:
1206-16.

2. HORSMANS Y: Treatment of chronic hepati-
tis C in elderly patients. Expert Opin Phar-
macother 2010; 11: 571-7.

3. MALLET V, VALLET-PICHARD A, POL S: New
trends in hepatitis C management. Presse
Med 2010; 39: 446-51.

4. SINGAL AK, ANAND BS: Tailoring treatment
duration to 12 to 16 weeks in hepatitis C gen-
otype 2 or 3 with rapid virologic response:
systematic review and meta-analysis of ran-
domized controlled trials. J Clin Gastroen-
terol 2010; 44: 583-7.

5. FERRI C: Mixed cryoglobulinemia. Orphanet
J Rare Dis 2008; 3: 25.

6. VASSILOPOULOS D, MANOLAKOPOULOS S:
Rheumatic manifestations of hepatitis. Curr
Opin Rheumatol 2010; 22: 91-6.

7. CRAXI A, LAFFI G, ZIGNEGO AL: Hepatitis
C virus (HCV) infection: a systemic disease.
Mol Aspects Med 2008; 29: 85-95.

8. FERRI S, MURATORI L, LENZI M, GRANITO A,
BIANCHI FB, VERGANI D: HCV and autoim-
munity. Curr Pharm Des 2008; 14: 1678-85.

9. SANSONNO L, TUCCI FA, SANSONNO S, LAU-
LETTA G, TROIANI L, SANSONNO D: B cells

940

11.

13.

14.

16.

17.

18.

19.

20.

2

22.

23.

24.

and HCV: an infection model of autoimmu-
nita. Autoimmun Rev 2009; 9: 93-4,

. ADINOLFI LE, UTILI R, ATTANASIO V,

ZAMPINO E, RAGONE MF, TRIPODI G: Epi-
demiology, clinical spectrum and prognostic
value of mixed cryoglobulinemia in hepati-
tis C virus patients: a prospective study. It J
Gastroenterol 1996; 28: 1-9.

TANAKA K, AIYAMA T, IMAI J: Serum cryo-
globulin and chronic hepatitis C virus dis-
ease among Japanese patients. Am J Gastro-
enterol 1995; 90: 1847-52.

. POZZATO G, BURRONE O, BABA K et al.:

Ethnic difference in the prevalence of mono-
clonal B-cell proliferation in patients affect-
ed by hepatitis C virus chronic liver disease.
J Hepatol 1999; 30: 990-4.

MCCOLL MD, SINGER IO, TAIT RC, MCNEIL
IR, CUMMING RL, HOGG RB: The role of hep-
atitis C virus in the aetiology of non-Hodg-
kins lymphoma-a regional association? Leuk
Lymphoma 1997; 26: 127-30.

DAMMACCO F, SANSONNO D, PICCOLI C,
TUCCI FA, RACANELLI V: The cryoglobu-
lins: an overview. Eur J Clin Invest 2001; 31:
628-38.

. BEDOSSA P, POYNARD T: An algorithm for

the grading of activity in chronic hepatitis C.
Hepatology 1996; 24: 289-93.

MAZZARO C, ZORAT F, CAIZZI M et al.:
Treatment with peg-interferon alfa-2b and
ribavirin of hepatitis C virus-associated mixed
cryoglobulinemia: a pilot study. J Hepatol
2005; 42: 632-8.

MAZZARO C, ZORAT F, COMAR C et al.
Interferon plus ribavirin in patients affected
by hepatitis C virus positive mixed cryoglob-
ulinemia resistant to previous interferon
treatment(s). J Rheumatol 2003; 30: 1775-81.
ZIGNEGO AL, FERRI C, GIANNINI C et al.:
Hepatitis C virus genotype analysis in pa-
tients with type II mixed cryoglobulinemia.
Ann Intern Med 1996; 1: 31-4.

MICHITAKA K, DURAZZO M, TILLMANN HL,
WALKER D, PHILIPP T, MANNS MP: Analysis
of hepatitis C virus genome in patients with
autoimmune hepatitis type 2. Gastroenterol-
ogy 1994; 106: 1603-10.

MANNS MP, MCHUTCHINSON JG, GORDON
SC et al.: PEG-interferon alfa-2b in combi-
nation with ribavirin compared to interferon
alfa-2b plus ribavirin for initial treatment of
chronic hepatitis C. Lancet 2001; 358: 958-
65.

. FRIED MW, SHIFFMAN ML, REDDY KR et

al.: Peginterferon alfa-2a plus ribavirin for
chronic hepatitis C virus infection. N Engl J
Med 2002; 347: 975-82.

HADZIYANNIS SJ, SETTE H JR, MORGAN
TR et al.. PEGASYS International Study
Group. Peginterferon-alpha2a and ribavirin
combination therapy in chronic hepatitis C: a
randomized study of treatment duration and
ribavirin dose. Ann Intern Med 2004; 140:
346-55.

STROFFOLINI T: Clinical epidemiology of
Probe. Proceedings of the 3™ Probe Investi-
gators Meeting Venice 2008.

SAADOUN D, RESCHE-RIGON M, THIBAULT
V, PIETTE JC, CACOUB P: Antiviral therapy
for hepatitis C virus-associated mixed cryo-
globulinemia vasculitis: A long-term follow-



25.

26.

217.

28.

29.

30.

3

—_

32.

33.

up study. Arthritis Rheum 2006; 54: 3696-
706.

CACOUB P, LIDOVE O, MAISONOBETT et al.:
Interferon-alpha and ribavirin treatment in
patients with hepatitis C virus-related sys-
temic vasculitis. Arthritis Rheum 2002: 46:
3317-26.

FABRIZI F, LUNGHI G, MESSA P, MARTIN
P: Therapy of hepatitis C virus-associated
glomerulonephritis: current approaches. J
Nephrol 2008: 21: 813-25.

RIZZA P, MORETTI F, BELARDELLI F: Recent
advances on the immunomodulatory effects
of IFN-alpha: implications for cancer immu-
notherapy and autoimmunity. Autoimmunity
2010: 43: 204-9.

LAMPRECHT P, MOOSIG F, GAUSE A et al.:
Immunological and clinical follow up of
hepatitis C virus associated cryoglobulinae-
mic vasculitis. Ann Rheum Dis 2001; 60:
385-90.

SUGIMURA T, MOTOMURA S, SAKAI H,
NAWATA H: Increased serum soluble IL-2
receptor levels following interferon therapy
in patients with chronic hepatitis C. Hepato-
gastroenterology 1999; 46: 1827-30.

DI CESARE E, SPADARO A, AJELLO A et al.:
Soluble CD30 serum levels before and after
treatment with alpha-interferon in patients
with chronic hepatitis C. Clin Chem Lab Med
2005; 43: 823-6.

. LIAO YR, YEN CP, LIN CC, FU LS, CHIU CC,

CHI CS: Soluble CD26/30 levels before and
after treatment with interferon-alpha and
ribavirin combination therapy in a pediatric
hepatitis C patient. J Microbiol Immunol In-
fect 2004; 37: 67-70.

HALFON P, BOURLIERE M, OUZAN D et al.:
Occult hepatitis C virus infection revisited
with ultrasensitive real-time PCR assay.
J Clin Microbiol 2008; 46: 2106-8.

PHAM TN, MACPARLAND SA, MULROONEY
PM, COOKSLEY H, NAOUMOV NV, MICHA-
LAK TI: Hepatitis C virus persistence after

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

Peg-interferon and ribavirin in mixed cryoglobulinemia / C. Mazzaro et al

spontaneous or treatment-induced resolution
of hepatitis C. J Virol 2004; 78: 5867-74.
RADKOWSKI M, GALLEGOS-OROZCO JF,
JABLONSKA J et al.: Persistence of hepatitis
C virus in patients successfully treated for
chronic hepatitis C. Hepatology 2005; 41:
106-14.

TARANTINO A, CAMPISE M, BANFI G ef al.:
Long-term predictors of survival in essential
mixed cryoglobulinemic glomerulonephritis.
Kidney Int 1995; 47: 618-23.

FERRI C, SEBASTIANI M, GIUGGIOLI D et
al.: Mixed cryoglobulinemia: demographic,
clinical, and serologic features and survival
in 231 patients. Semin Arthritis Rheum 2004;
33:355-74.

ALRIC L, PLAISIER E, THEBAULT S et al.:
Influence of antiviral therapy in hepatitis C
virus-associated cryoglobulinemic MPGN.
Am J Kidney Dis 2004; 43: 617-23.
BRUCHFELD A, LINDAHL K, STAHLE L,
SODERBERG M, SCHVARCZ R: Interferon and
ribavirin treatment in patients with hepatitis
C-associated renal disease and renal insuf-
ficiency. Nephrol Dial Transplant 2003; 18:
1573-80.

JOHNSON RJ, GRETCH DR, YAMABE H et al.:
Membranoproliferative  glomerulonephritis
associated with hepatitis C virus infection.
N Engl J Med 1993; 328: 465-70.

ROSSI P, BERTANI T, BAIO P et al.: Hepatitis
C virus-related cryoglobulinemic glomeru-
lonephritis: long-term remission after antivi-
ral therapy. Kidney Int 2003; 63: 2236-41.
SANSONNO D, DE RE V, LAULETTA G et al.:
Monoclonal antibody treatment of mixed
cryoglobulinemia resistant to interferon with
an anti-CD20. Blood 2003; 101: 3818-26.

. DELLA ROSSA A, BALDINI C, TAVONI A,

BOMBARDIERI S: How HCV has changed
the approach to mixed cryoglobulinemia.
Clin Exp Rheumatol 2009; 27 (Suppl. 52):
S115-23.

QUARTUCCIO L, PETRARCA A, MANSUTTI

941

44,

45.

46.

47.

48.

49.

50.

5

E et al.: Efficacy of rituximab in severe and
mild abdominal vasculitis in the course of
mixed cryoglobulinemia. Clin Exp Rheuma-
tol 2010; 28 (Suppl. 57): 84-7.
ROCCATELLO D, BALDOVINO S, ROSSI D et
al.: Long-term effects of anti-CD20 mono-
clonal antibody treatment of cryoglobulinae-
mic glomerulonephritis. Nephrol Dial Trans-
plant 2004; 19: 3054-61.

QUARTUCCIO L, SOARDO G, ROMANO G et
al.: Rituximab treatment for glomerulone-
phritis in HCV-associated mixed cryoglob-
ulinaemia: efficacy and safety in the absence
of steroids. Rheumatology 2006; 45: 842-6.
PETRARCA A, RIGACCI L, CAINI P et al.:
Safety and efficacy of rituximab in patients
with hepatitis C virus—related mixed cry-
oglobulinemia and severe liver disease.
Blood 2010; 116: 335-42.

TERRIER B, SAADOUN D, SENE D et al.:
Efficacy and tolerability of rituximab with
or without PEGylated interferon alfa-2b plus
ribavirin in severe hepatitis C virus-related
vasculitis: a long-term followup study of
thirty-two patients. Arthritis Rheum 2009;
60: 2531-40.

SAADOUN D, RESCHE RIGON M, SENE D et
al.: Rituximab plus Peg-interferon-/ribavirin
compared with Peg-interferon-/ribavirin in
hepatitis C-related mixed cryoglobulinemia.
Blood 2010; 116: 326-34.

DAMMACCO F, TUCCI FA, LAULETTA G et
al.: Pegylated interferon-, ribavirin, and
rituximab combined therapy of hepatitis C
virus—related mixed cryoglobulinemia: a
long-term study. Blood 2010; 116: 343-53.
BACON BR, GORDON SC, LAWITZ E et al.:
Boceprevir for previously treated chronic
HCV genotype 1 infection. N Engl J Med
2011; 364: 1207-17.

. MCHUTCHISON JG, MANNS MP, MUIR AJ et

al.: Telaprevir for previously treated chronic
HCV infection. N Engl J Med 2010; 362:
1292-303.



