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Hepatitis C Virus (HCV)-related Mixed Cryoglobulinemia (MC) is a unique condition with complex pathogen-
esis that involves HCV antigen-driven B-lymphocyte clonal proliferation and mutagenesis. Clinical spectrum of

MC ranges from asymptomatic state to clinically-apparent vasculitis involving multiple organs. In the era of
Direct-Acting Antiviral (DAA) therapy, patients with HCV-related MC achieve high rates of viral clearance that

is commonly accompanied by an improvement in clinical symptoms as well as immunological profiles.
Rituximab, either alone or in combination with DAA, has also been shown to be effective. Nevertheless, there

have been limited and somewhat conflicting data, particularly over the long-term, regarding the rate and degree

of clinical response of MC following DAA therapy. It appears that we have come quite a long way in the last
decade with this condition. As with non-MC related HCV, undoubtedly long term outcome data will be
forthcoming over the next few years. As we move forward successful therapy of HCV is not likely to be a
challenge in contrast to access to therapy. (J CLin Exp HepaToL 2018;8:81-94)

See Editorial on Pages 2-3.

epatitis C Virus (HCV) infection affects approxi-

mately 180 million individuals worldwide and is

aleading cause of chronic liver disease, cirrhosis,
and hepatocellular carcinoma. Considering that HCV is
both a hepatotrophic and lymphotrophic virus, it can
induce great number of extrahepatic manifestations—
including lymphoproliferative and immunological disor-
ders of various organ systerns.1 Among these conditions,
B-cell clonal proliferative disorders such as Mixed Cryo-
globulinemia (MC) and Non-Hodgkin’s Lymphoma
(NHL) have been shown to be strongly linked with
HCYV on the basis of epidemiological and biological stud-
ies. The pathogenetic insights behind HCV-related
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Lymphoproliferative Disorders (LPD) have been investi-
gated extensively, but are not yet completely elucidated.
Recent data suggests that HCV-induced B-lymphocyte
clonal proliferation and mutagenesis play an important
role in the pathogenesis of MC. Alas, in the era of Direct-
Acting Antiviral (DAA) therapy, patients with MC-vascu-
litis achieve high rates of viral clearance in addition to
improvement in clinical symptoms. Nevertheless, among
patients with late-stage, multi-phase cryoglobulinemia
vasculitis, a longer follow-up time may be needed to assess
clinical responses to DAA therapy. Rituximab, either alone
or in combination with antiviral therapy, has been shown
to be effective in the management of HCV-related MC.

PATHOGENESIS

The pathogenesis of HCV-induced cryoglobulinemia and
vasculitis is a complex, multistep process. Despite exten-
sive investigation, the exact mechanisms are not clearly
understood. HCV is recognized to be lymphotropic and its
replication in peripheral blood mononuclear cells may be
etiologically implicated in HCV-related lymphoprolifera-
tive and immunological disorders.”” Several studies have
highlighted the importance of sustained antigenic stimu-
lation in promoting B-cell clonal proliferation. The bind-
ing of the HCV E2 surface protein to the CD81 molecule
on the B-lymphocyte surface seems to be crucial for HCV-
driven autoimmunity. CD81 is complexed with CD21,
CD19, and Leul3, and this complex can reduce the thresh-
old for B-cell activation by bridging antigen-specific rec-
ognition and CD21-mediated complement recognition.4‘S
After strong and persistent antigenic stimulation, B-cells

Journal of Clinical and Experimental Hepatology | March 2018 | Vol. 8 | No. 1 | 81-94

HCV and Cryoglobulinemic

Vasculitis


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jceh.2017.11.012&domain=pdf
mailto:rajender.reddy@uphs.upenn.edu
https://doi.org/10.1016/j.jceh.2017.11.012

SHIINISDA
s1auingo|boAi) pup ADH

HCV AND CRYOGLOBULINEMIC VASCULITIS

accumulate genetic lesions through inherent genomic
instability during Activation-Induced Deaminase (AID)-
mediated Variable-Diversity-Joining (VDJ) class recombi-
nation® and/or somatic hypermutations. Both of these
reactions have been shown to produce DNA aberration,
which can lead to overexpression of immunoglobulin
genes and potential oncogenes’ '’ (Figure 1).

Apart from these mechanisms, HCV itself appears to
have a mutagenic effect on host genes. The expression of
HCYV core protein (C) and non-structural protein 3 (NS3)
are associated with the induction of Nitric Oxide Synthase
(NOS), DNA damage, and subsequent mutations in onco-
genes and tumor suppressor genes.'"'? Moreover, the
expression of HCV core protein contributes to B cell
proliferation and survival through the upregulation of
IL-10 and Bcl-2 proteins.'” Bcl-2 proto-oncogene is able
to inhibit apoptosis, leading to extended cell survival. 14,15
Multiple studies have shown a significant association
between Bcl-2 rearrangement (14;18 translocation) and
HCV infection, especially in those who develop MG,
% and lymphoma.19’20

The consequent B-lymphocyte expansion is responsible
for the wide autoantibody production observed in HCV-
infected individuals, including cryo- and non-cryopreci-
pitable immune complexes.”’ Eventually, persistent B-cell
activation results in MC and a variety of immunological
disorders. The prolonged B-cell survival can expose these
cells to other genetic aberrations, leading in some individ-
uals to overt malignant lymphoma..22 The mechanisms of
progression from B-cell proliferative state into certain
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overt disorders remain unclear. Factors, such as low stim-
ulation threshold of RE-B cell,”**> HCV-induced alter-
ation in regulatory and effecter T-cell function,”* %’ and
other viral or environmental factors might play a role in
this step (Figure 1).

Since a significant concentration of HCV-RNA has been
found in the cryoprecipitate, HCV may play some role in
facilitating  cryoglobulin precipitation.28’29 The Fc
gamma-receptor like activity on HCV core’® could possi-
bly lead to enhanced HCV-immune complex generation
between IgG, IgM, and complements. This circulating
HCV-immune complex can deposit in blood vessels caus-
ing vasculitis syndrome. Specifically, cryoglobulins have a
high affinity for plasma Clq which allows the complex to
bind to Clq receptors found on endothelial cells.’

EPIDEMIOLOGY

Cryoglobulinemia is a chronic systemic disease character-
ized by the presence of serum immunoglobulins that
reversibly precipitate at temperature <37 °C, but mostly
at 0-4 °C. Cryoglobulinemia is conventionally classified
into 3 subgroups by Brouet et al.>% type I, composed of a
monoclonal immunoglobulin and associated mainly with
overt LPDs (most commonly—multiple myeloma or Wal-
denstrom’s macroglobulinemia), and types II and III MC,
composed of polyclonal IgG and monoclonal IgM (type II)
or polyclonal IgG and polyclonal IgM (type III) with
Rheumatoid Factor (RF). MC can be associated with infec-
tious, immunological, and neoplastic disease. In general,

B-lymphoctye
BcR s34
s = . NOS
«~H &
Cpsill = l

E2

Mutation of oncogenesand
tumor suppressor genes

T(14;18)translocation — Bcl-2 activation
? Other mutations — Bcl-6, p53, c-myc, etc.

||

? Genetic factors

Prolonged B-cell survival I

? Other environmental __—»

Poly-oligoclonal B-cell expansion

? Other genetic
‘ " aberations

factors

Autoantobodies, cryoglobulins,

rheumatoid factor, other immune complexes

Immunological disorders
Glomerulonephritis, thyroiditis,
sicca syndrome, arthritis, etc.

polyclonal

Mixed cryoglobulinemia

B-cell ymphomas

Oligoclonal

Immunoglobulins

Monoclonal

Figure 1 Pathogenesis of HCV-related lymphoproliferative disorders. HCV, Hepatitis C Virus; NOS, Nitric Oxide Synthase; ROS, Reactive Oxygen

Species; AID, activation-induced deaminase.
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the analysis of the cryoprecipitate is carried out by means
of immunoelectropheresis or immunofixation, and MC
accounts for the majority of patients with cryoglobuline-
mia (type II 62.4%; type III 31.7%).™

The strong association between HCV and MC type 1II
and III has been supported by several epidemiological
studies. HCV appears to have an important etiologic role
in MC, since HCV infection (serum anti-HCV antibody or
HCV-RNA) can be found in 76-95% of patients with
MC.> % On the other hand, serum cryoglobulins can
be identified in 19-54% of patients with chronic HCV
infection, depending on the geographical area, population
selection, diagnostic method of MC, and lead-time
biases.”® *® However, serum cryoglobulins are generally
asymptomatic and present at low levels. Cryoglobulinemia
can be detected in all HCV genotypes, without a clear and
particular genotype preponderance, is more common in
females, and in those with a long duration of chronic HCV
infection.’®*”***! The clinically overt MC syndrome
appears to be evident in 10-30% of MC individuals and
in 5-10% of all HCV-infected patients.22’36‘3’7’42 The pres-
ence of symptomatic and persistent MC is associated with
advanced age, longer duration of HCV infection, type II
MC, and a higher MC serum level. ” Ina systematic review
of 21 studies (included 1530 cases of MC in 4145 HCV
individual), the pooled prevalence estimate of asymptom-
atic and symptomatic MC was 30.1% (95% CIL: 21.4-38.9%)
in HCV-infected population, while the prevalence in non-
HCV population (7 studies included 204 healthy controls
and 381 patients with HBV) was 1.9% (95% CI: 0.4-3.4%)."*
In addition, a large retrospective cohort of 160,875 HCV-
infected veterans has demonstrated that the risk of devel-
oping MC (adjusted HR = 0.61; 95% CI: 0.39-0.94) and
glomerulonephritis (adjusted HR = 0.62; 95% CI: 0.48-
0.79) were reduced in the SVR group compared with
untreated patients. Risk reductions were also observed
when patients with SVR were compared with treated
patients without SVR.*

The prevalence of MC seems to be geographically het-
erogeneous; MC is more prevalent in Southern Europe (up
to 60% of HCV-infected individuals) than in Northern
Europe, North America, and Asia.*** It is unclear
whether this variation is due to unidentified genetic or
environmental factors. Several studies have been con-
ducted to identify a linkage between MC and HLA alleles.
Despite the small size and heterogeneity among studies,
MC has been found to be associated with HLA DRB1#11
alleles and DR2, DR3, DRS, and DR6 serological
clusters.’’ ¢ A genome-wide association study identified
SNPs within NOTCH4 and in between HLA-DRBI and
HLA-DQA1 genes on chromosome 6 as significantly asso-
ciated with MC and vasculitis in HCV-infected individu-
als.”” In addition, certain polymorphic variants of BAFF
promoter and Fcy receptors have been found more com-
monly in HCV patients with MC than those without

(FcyR variants also seem to be crucial to the effectiveness
of rituximab therapy).”®

CLINICAL MANIFESTATIONS

MC can present with different clinical/serological patterns,
varying from subclinical isolated cryoglobulinemia, to
complete MC syndrome. The clinical syndrome of MC is
caused by the deposition of circulating immune complexes
in small to medium-sized blood vessels in multiple organs,
eventually leading to systemic vasculitis. The major man-
ifestations include palpable purpura (67-98%), arthralgia
(47-98%), weakness (80-100%), peripheral neuropathy (50-
86%), and hypocomplementemia (particularly C4). Palpa-
ble purpura is generally localized to the lower extremities
and sometimes associated with ulceration (10-25%).
Peripheral neuropathy is typically of a sensory or sen-
sory-motor axonal pattern, and can manifest as symmetri-
cal distal neuropathies, mononeuritis multiplex, or
mononeuropathies. Pure motor neuropathy and central
nervous system involvement are unusual >*?>49 Approx-
imately one third of patients with MC report sicca symp-
toms or dryness."’?”ss‘sg These patients show a low rate
(23%) for typical antibodies of primary Sjégren’s syndrome
(anti-Ro/SSA and anti-La/SSB).®” The combination of MC
and Sjogren’s syndrome seems to be related to poor prog-
nosis and evolution to malignant lymphomas.m’“

Renal involvement is present in up to one third of
patients and represents a strong negative prognostic fac-
tor.>>764 Nephropathy is observed in 20% of patients at
the diagnosis of MC, and in 35-60% during follow up
(mostly over the course of a few years).”*>°® Clinically,
MC-associated glomerulonephritis may range from
asymptomatic abnormal urinalysis (microscopic hematu-
ria, or sub-nephrotic range proteinuria with normal, or
mildly impaired, renal function) to overt nephritis (20-
25%) and nephrotic syndrome (20%), with variable pro-
gression to end-stage renal disease in 10-33% of
patients.‘”’ss’(’s’(’(’ The typical renal histopathologic pat-
tern is type I Membranoproliferative Glomerulonephritis
(MPGN), which can be differentiated from idiopathic
MPGN by the presence of capillary thrombi, composed
of precipitated cryoglobulins, and diffuse IgM deposition
in the capillary Ioops.(’7’68

Mild to moderate chronic hepatitis has been reported in
two thirds of patients with MC and is generally caused by
HCV. Cryoglobulinemia has been found in association
with steatosis and fibrosis progression in HCV
patients.4(”59’69 In a meta-analysis of 2323 patients with
chronic HCV (1022 subjects with detectable cryoglobulins),
MC was found to be significantly associated with cirrhosis
(occurred in 40% of patients with MC) after adjustment of
age, gender, and estimated duration of disease.*®

Considering the intimate pathogenetic linkage between
HCV and LPD several types of lymphoid malignancies are
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more frequently observed in HCV patients in epidemio-
logical studies.”””%”! HCV-related B-cell derived NHL can
occur during the course of MC or as a non-MC related
form. Up to 10% of MC patients developed NHL during
long-term follow up.SS Results from a large retrospective
study of 1255 HCV patients with MC show that NHL was
diagnosed at an estimated rate of 660 new cases per 100,000
patient-years, which is about 35 times higher than the
general population (12 times higher if only aggressive
lymphomas are included). The median time from the diag-
nosis of MC to the clinical onset of NHL was 6.26 years.”'
The occurrence of MC generally hasa greatimpact on the
quality of life and survival. After adjustment for age, lower
survival rates were observed in males and in subjects who
had renal involvement, cutaneous ulcers, advanced liver
disease, and immunosuppressive treatment.””*>*” The
causes of death reported from 2 series include renal disease
(9-33%), infection (35%), liver failure (13-30%), malignan-
cies (NHL 13% and hepatocellular carcinoma 10%), cardio-
vascular disease (17%), and diffuse vasculitis (13%).”>”

DIAGNOSIS

Diagnosis of MC is based on clinical, pathological and
laboratory work-up including cryoglobulin testing, quan-
titative serum protein and globulins, complement levels,
virologic markers, and urine analysis. The cryoglobulin
determination is crucial and can be associated with false
negative and false positive results. The most important
variable confounding standardization of cryoglobulin
testing is improper sample handling.72 For the correct
evaluation of serum cryoglobulins, laboratories should
ensure that samples are collected and maintained in tubes
pre-warmed to 37 °C (from phlebotomy until the serum is
separated by centrifugation). Cryocrit determination and
cryoglobulin characterization should be conducted at
4°C (after 7 days). Anticoagulants should not be used
in order to avoid false positive results from cryofibrino-
gen.*®”” Biopsies from purpuric skin lesions showing
Leukocytoclastic Vasculitis (LCV), can often be helpful.
Kidney biopsy should be reserved for patients with renal
disease. The presence of a clonal expansion of B-lympho-
cytes in peripheral blood, bone marrow, and liver confirms
the lymphoproliferative nature of MC.”*”* Ferri et al. has
proposed a standardized criteria for the diagnosis and
classification of MC*®7® (Table 1). Cryoglobulin levels,
RF activity, and decreased C4 levels all weakly correlate
with MC disease activity.73’77 Despite these challenges,
these tests are useful for predicting treatment response.

TREATMENT OF HCV-RELATED MIXED
CRYOGLOBULINEMIA

Before HCV infection was identified as an important etiol-
ogy in MC, a variable combination of anti-inflammatory

84
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Table 1 Proposed Criteria for the Diagnosis and
Classification of Patients with Mixed Cryoglobulinemia.*®

Criteria Major Minor
Serological Mixed cryoglobulins  Rheumatoid factor+
Low C4 HCV+
HBV+
Pathological ~ Leukocytoclastic Clonal B-cell infiltrates
vasculitis (liver and/or bone marrow)
Clinical Purpura Chronic hepatitis

Membranoproliferative GN
Peripheral neuropathy
Skin ulcers

HCV+ or HBV+, markers of Hepatitis C Virus or Hepatitis B Virus infec-
tion (anti-HCV & HCV-RNA; HBV-DNA or HBsAg); C, Complement; GN,
Glomerulonephritis.

“Definite” mixed cryoglobulinemia syndrome: (a) Serum mixed cryoglo-
bulins (+low C4)+ purpura + leukocytoclastic vasculitis. (b) Serum
mixed cryoglobulins (xlow C4) + 2 minor clinical symptoms + 2 minor
serologic/pathologic findings.

“Incomplete” or “possible” mixed cryoglobulinemia syndrome: (a)
Mixed cryoglobulins or low C4 + 1 minor clinical symptom + 1 minor
serologic 4 pathologic findings. (b) Purpura and/or leukocytoclastic
vasculitis + 1 minor clinical symptom + 1 minor serologic + pathologic
findings. (c) Two minor clinical symptoms+ 2 minor serologi-
cal + pathologic findings.

“Essential” or “secondary” mixed cryoglobulinemia syndrome:
Absence or presence of well known disorders (infectious, immunologi-
cal, or neoplastic) at the time of the diagnosis.

and immunosuppressive agents had been used as the main
treatment strategy of MC. Soon after the importance of
HCV and B-cell clonal expansion were recognized in the
pathogenesis of MC, several studies assessed the effects of
antiviral therapy for HCV and biological therapies target-
ing B-cell proliferation.

Pegylated-Interferon (Peg-IFN) and Ribavirin
(RBV)

Pegylated-Interferon (Peg-IFN) and Ribavirin (RBV) ther-
apy has been associated with improvement in clinical MC
syndrome and immunologic parameters, such as cryoglo-
bulins, IgM, RF, and complement levels. Following a
Sustained Virologic Response (SVR), interferon-based
therapy yielded a beneficial effect in patients with HCV-
related MC (62-78%)® ' (Table 2). However, patients
with MC do not respond as well to Peg-IFN and RBV
combination therapy compared to patients without MC.
In a meta-analysis of combination therapy for HCV-asso-
ciated MC (10 clinical studies included 100 unique
patients; 4-39% had baseline renal involvement), Peg-
IFN and RBV yielded a virologic response rate of 52%
(95% CI: 40-63%)®* compared to 50% and 80% for geno-
type 1/4 and 2/3 patients without MC, respectively.®*"*
Patients with MC tend to be older and have several other
comorbidities (i.e. kidney disease, nephropathy, thrombo-
cytopenia, etc.) which could influence SVR.** Until

© 2017 INASL.
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Table 2 Effects of Pegylated-Interferon Plus Ribavirin in HCV-Related Mixed Cryoglobulinemia.

Author (year) N Population Treatment Response
Alric et al. 25  MC, active GN nephritic range [A] Peg-IFN 1.5 wg/kg/week SVR 66.7% (12/18)
(2004)7® proteinuria + RBV 600-1000 mg/day for Decreased proteinuria and cryoglob. in
Refractory to CS/PF/diuretic >24 week responders
- Divided into 2 groups; [A] [B] conventional Rx Increased serum albumin in responders
n=18, [B]n=7 FU > 6 months after Rx No change in serum Cr
(IS/PF are allowed) Improved purpura 12/12(SVR), 3/6(NR),
and 1/7[B]
Cacoub et al. 9 Active MC, Peg-IFN 1.5 wg/kg/week SVR 78%, partial response 11%, relapse
(2005)7° IFN naive (7) and IFN NR (3) + RBV 800-1200 mg/day for 11%
>24 week (short-term, low- Complete clinical response 89%
dose CS in 2 pt.) Complete/partial immunologic response
56%/44%
Mazzaro et al. 18  Active MC Peg-IFN 1.0 g/kg/week SVR 44%, EOT 83%
(2005)%° + RBV 1000-1200 mg/day for ~ Purpura and cryocrit improved in
48 week responders
Saadoun et al. 72  Active MC, [A] Peg-IFN 1.5 wg/kg/week SVR; [A] = 62.5%, [B] = 53.1%
(2006)3* IFN naive (52) and IFN NR + RBV 800-1200 mg/day Complete CR; [A]=67.5%, [B] = 56.3%
(20) > 24 week Complete IR; [A] =57.5%, [B]=31.3%
- Divided into 2 groups; [A] [B] IFN 3 mU x 3/week > 24 PF and IS were less likely to be used
n =40, seen in 2001 or later; week in [A]
[B] n =32, seen prior to 2001 Mean FU 39.7 + 24.4 months Factors associate with CR = EVR (OR
after Rx 3.53; 95% Cl: 1.18-10.59) and GFR
(CS/IS/PF are allowed) <70 ml/min (OR 0.18; 95% ClI:
0.05-0.67)
30 Active MC, Telaprevir 12 week (17) or SVR 67%

Saadoun et al.

(2015)%

IFN naive (7) and IFN NR (23)

boceprevir 44 week (13)
+ Peg-IFN/RBV 48 week

Complete CR 67%; PR 23%
Cryoglobulin clearance 56%; significant

improvement in BVAS, serum RF, C4
levels

MC, Mixed Cryoglobulinemias; RTX, Rituximab; Peg, Pegylated; IFN, Interferon; FU, Follow-Up; CS, Corticosteroid; IS, Immunosuppressive agents;
PF, Plasmapheresis; CLD, Chronic Liver Disease; CR, Clinical Remission; IR, Immunological Response; SVR, Sustained Virological Response; EVR,
Early Virological Response; NR, Non-Responder; GFR, Glomerular Filtration Rate; Cr, Creatinine; BVAS, Birmingham Vasculitis Activity Score; RF,

Rheumatoid Factor.

recently, a long-term outcome following HCV eradication
in patients with MC has been reported. In a large prospec-
tive cohort, 253 HCV patients with symptomatic/asymp-
tomatic MC, and 158 HCV patients without MC were
followed-up for 92.5 (35-124) months following Peg-
IEN plus RBV therapy. Overall SVR rate was significantly
lower in patients with MC compared to those without MC
(48.6% vs. 61.4%; P = 0.014). In the majority (57%) of SVR
patients all MCS symptoms persistently disappeared,
whereas all non-SVR patients were also clinical nonres-
ponders, in spite of a transient improvement in some
cases, thus suggesting that SVR is associated with amelio-
ration of the clinical manifestations of MC.®® Further,
eradication of HCV by IFN-based therapy can lead to
the resolution of MC-related low-grade lymphomas—par-
ticularly splenic villous lymphomas and
immunocytomas.®® ® It seems plausible that the anti-
proliferative activity of IFN could help contain B-cell
clonal expansion in addition to eradicating HCV and

preventing B-cell antigenic stimulation.®’

DAA Therapy

DAA therapy has vastly improved SVR rates in patients
with and without cryoglobulinemia vasculitis. Among
patients with cryoglobulinemia vasculitis, DAA regimens
yielded SVR rates of 74-100% (Table 3). In almost all
studies, a complete or partial reduction in MC clinical
symptoms occurred during or after DAA administration
and was correlated with SVR. In these studies, DAA ther-
apy eliminated or ameliorated clinical symptoms of MC in
61-100% of patients who achieved SVR12. A complete
clinical response was defined as improvement of all
affected organs and/or a Birmingham Vasculitis Activity
Score (version 3) of 0. The highest clinical response rate
was demonstrated in a prospective study by Saadoun et al.
in which all patients (n = 41) achieved SVR and a complete
(90%) or partial (10%) clinical response after 12 or 24
weeks of Sofosbuvir (SOF) and Daclatasvir (DAC). *°
Similar observations were reported in a prospective study
by Gragnani et al. in which 93% of patients (n = 41/44)
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Table 3 Virological and Clinical Responses to DAA Therapy in Patients with Cryoglobulinemic Vasculitis.

Author (year) N DAA regimens RTX (n) SVR (%) Clinical response (%) Complete cryoglobulin
at 12 week post-treatment reduction (%)
Complete Partial
Saadoun et al. (2016)°* 24 SOF/RBV x 24 week 4 74 87 - 46
Sise et al. (2016)°7 12 SOF/SIM (n = 8) 4 83 33 33 44 (n=4/9)
SOF/RBV (n = 4)
35 3D (n=10) 0 94 71 14 45

Bonacci et al. (2016)°°
SOF/LDV (n = 10)

SOF/SIM (n = 2)
DAC/SIM (n = 3)
SOF/DAC (n=2)
Peg-IFN/DAA (n =5)
Others (n = 3)

Use of RBV (n = 24)

Gragnani et al. (2017)? °2 17 3D (n =5)

3D/RBV (n =6)
SOF/RBV (n = 5)
SOF/DAC (n=1)
Gragnani et al. (2016)%° 44 SOF/RBV (n =18) 2

SOF/SIM/ £ RBV (n = 12)
SOF/DAC/+RBV (n = 4)
SOF/LDV/£RBV (n = 10)

41 SOF/DAC (n=32) x 12 week 2
SOF/DAC (n = 9) x 24 week

35 SOF/RBV (n = 13) x 24 week
SOF/IFN/RBV (n = 8) x 12 week
SOF/DAC (n = 5) x 12 week
SOF/SIM (n = 9) x 12 week

Saadoun et al. (2017)%°

Hegazy et al.” 37

Emery et al. (2017)%° 18 DAAs + IFN 3
Sollima et al. (2016)°°? 7 3D (n=2)

SOF/RBV (n = 2)

SOF/DAC (n = 2)

SOF/SIM (n = 1)
Tsuge et al. (2016)1°5 1 DAC/ASU x 24 week

Obata et al. (2017)104 1 DAC/ASU x 24 week

100 (week 8) 30 (week 8) 50 (week 8) 35 (week 8)

100 66 27 32
100 90 10 50
100 84-100 for

each

symptom (EOT)

89 39 22 29
100 0 14 14
100 100 0 0
100 100 0 0

3Assessments at treatment week 8.
PClinical assessments at end of treatment.
‘Clinical assessments at last assessment post-treatment.

DAA, Direct Acting Antivirals; RTX, Rituximab; SOF, Sofosbuvir; LDV, Ledipasvir; DAC, Daclatasvir; ASU, Asunaprevir; RBV, Ribavirin; SIM, Sime-
previr; 3D, paritaprevir/ritonavir/ombitasvir/dasabuvir; IFN, Fnterferon; SVR, Sustained Virological Response; EOT, End-of-Treatment.

achieved a complete or partial response in MC vasculitis in
the background of 100% achieving SVR. At SVR24, the
cohort clinical responses improved to 100% with 77% of
patients achieving a complete clinical response.89 Interest-
ingly, one study showed a higher clinical response rate
compared to the SVR rate; 74% of patients achieved SVR
after 24 weeks of SOF + RBV (n=24), while 87% of
patients achieved a complete clinical response.91 Mean-
while, Sollima et al. showed that MC-related vasculitis can
persist or relapse in high proportion of patients who
achieve SVR. This study included 7 patients who were
treated with DAA regimens and achieved SVR. Five
patients had nephropathy and 6 patients failed previous
antiviral therapy and/or rituximab. At the end of DAA
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treatment, cyrocrit levels were undetected in 4 patients,
but upon follow-up, only 1 patient exhibited cryoglobulin
disappearance and a partial clinical response.g2 These
results suggest that longer follow-up is needed to assess
the course of MC, and especially in patients with late
stage, multi-phase cryoglobulinemia vasculitis.”> Overall,
vasculitis symptoms improved after the administration of
DAA therapy and subsequent viral clearance. The type of
DAA regimen used throughout all studies might have
different impacts on clinical responses to MC. For
instance, higher SVR rates and clinical responses have
been reported by Saadoun et al. among patients treated
with SOF and DAC in comparison to patients treated with
SOF and RBV.”>”!
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An evidence-based review and recommendations has
been performed by the International Study Group of Extra-
hepatic Manifestations related to HCV (ISG-EHCV) in
2016. Among 170 HCV patients with extrahepatic mani-
festations, mainly MC, 50 patients being treated with IFN-
free regimens and 120 with IFN-containing regimens, there
was a clearly higher rate of SVR in patients treated with
IFN-free regimens (92% vs. 68%), but with slightly lower
rates of complete clinical response (68% vs. 76%) and
cryoglobulin clearance (47% vs. 56%) compared with
patients treated with IFN-containing regimens,94 Caution
on the interpretation of these data must be exercised due to
the large degree of heterogeneity in patient characteristics,
the different DAA regimens used and the uncontrolled
design of the studies. Nevertheless, DAA-based, IFN-free
regimens should be considered as a first-line therapy for
HCV patients with MC (with similar regimens as recom-
mended for non-MC patients) due to their superior safety
and efficacy profiles, particularly in terms of viral clearance,
as compared with IFN-based regimens.94 The benefits of
the addition of RBV in DAA regimens remain debatable.
Based on a systematic review of 120 patients with MC
treated with multiple DAA regimens with or without
RBV, a few more patients treated with RBV-containing
regimens had a complete clinical response (74% vs. 64%),
with similar rate of cryoglobulin clearance (47% vs. 48%)
but with a lower rate of SVR (88% vs. 97%) compared with
those treated with RBV-free regimens.g4

Clinical and Immunologic Responses

In a prospective clinical trial of patients with HCV-related
MC, DAA-based therapy has shown to restore disturban-
ces in peripheral B- and T-cell homeostasis.” However,
clinical symptoms of cryoglobulinemia vasculitis may
resolve at different rates. In a retrospective study by Emery
et al., skin manifestations resolved at a higher rate (39%)
compared to renal and neurological manifestations (11%)
(n = 18).”° Gragnani et al. assessed clinical responses at 12
and 24-weeks post-treatment and showed that palpable
purpura, kidney disease, and skin ulcers resolved over a
faster duration of time compared to fatigue, sicca syn-
drome and peripheral neuropathy (n = 44).”” Neurological
symptoms and sicca syndrome might not resolve at all in
patients with chronic HCV-associated MC and irreversible
nerve/gland damage.

Most studies observed reduced cryocrit levels after
HCV treatment; nevertheless, cryoglobulin levels can per-
sist in 20-100% of patients in spite of viral clearance
(immunological responses are highly variable among
studies).”*#0819091.93.96°98 - After multivariate analysis,
Bonacci et al. found that a baseline cryocrit level
below 2.7% was independently associated with a complete
immunological response—defined as the absence of circu-
lating cryoglobulins and normalized levels of complement

and/or RE.”” The mechanisms underlying the persistence
of cryoglobulin production and its manifestation after
HCV clearance are not clear. In cryoglobulinemia vasculi-
tis, B-cell proliferation may eventually reach an HCV-
independent autonomous phase, evidenced by the persis-
tence of t(14;18) positive B-cell clones and small quantities
of HCV-RNA in the lymphatic system even after successful
antiviral therapy.mo 102 Among patients who have been
cured of HCV, but maintain clinical manifestations of
MC, a different underlying condition can be consid-
ered—such as B-cell NHL etiology.'”

Renal Involvement

HCV eradication has been associated with improvementin
renal function among patients with HCV-related MC.
Thus far, several studies have shown positive effects of
DAA therapy in patients with MPGN or other HCV related
renal manifestations.®”?1 2797104105 Gice et al. showed
significant improvement in creatinine levels and protein-
uria post-DAA treatment in 7 patients with renal involve-
ment (5 confirmed MPGN by biopsy and cryoglobulin
deposits noted on electron microscopy).”” Similar results
were seen in a study by Bonacci et al. where 7 patients with
renal involvement (5 confirmed MPGN by biopsy) experi-
enced improvement in hematuria (P = 0.03) and estimated
glomerular filtration rate (eGFR) (P =0.03).”” Addition-
ally, Gragnani et al. reported that 4 patients with renal
involvement (1 confirmed MPGN by biopsy) expenenced
improvement in eGFR and improvement in proteinuria.
Although DAA regimens are effective for patients with
MC, SOF remains contraindicated in patients with
chronic kidney disease stage 4-5 because its inactive
metabolite GS-331007 accumulates as it is mostly filtered
and eliminated by the kidneys.l(m Therefore, non-SOF-
based DAA regimens should be considered for patients
with MC in the context of severe renal impairment. So far,
the safety and efficacy of DAC and Asunaprevir (ASU) has
been explored in genotype 1b patients undergoing hemo-
dialysis.lw’m8 In two case studies from Japan, a 24-week
regimen of DAC/ASU achieved positive clinical and viro-
logic response in patients with HCV-associated cryoglo-
bulinemic MPGN/renal impairment. In one study, a 70-
year-old man with MC and MPGN achieved SVR after
completing a 24-week regimen of DAC/ASU. During treat-
ment, his hematuria and proteinuria dramatically
decreased while his creatinine, total protein, and comple-
ments slowly normalized; azilsartan was added for persis-
tent proteinuria. During follow-up, his HCV and MPGN
completely resolved despite persistent cryoglobuline-
mia.'”* In another study, a 51-year-old woman with cir-
rhosis, chronic renal failure and chronic heart failure
achieved SVR after 24 weeks of DAC/ASU. At treatment
initiation, she exhibited mild ascites, severe leg edema,

mild anemia, proteinuria and hematuria. During
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treatment, her ALT and creatinine levels initially spiked
and then normalized. At SVR12, her leg edema and albu-
minuria almost completely resolved, and her serum cry-
oglobulin decreased.’”” Recently, highly effective DAA
regimens including, grazoprevir/elbasvir and glecapre-
vir/pibrentasvir, have been approved for use in patients
with severe renal impairment with expected SVR rates
similar to that of patients with normal renal function.
However, the experience on their use in HCV patients with
MC and severe renal impairment are very limited. It
should be kept in mind that although these case series
present promising results for patients with HCV-associ-
ated MC, more studies with larger sample sizes and longer
follow-up are needed to evaluate DAA treatment for
patients with MPGN/renal impairment.

Adverse Events

Adverse events were observed frequently with IFN-contain-
ing regimens ranging from 49-100%. Anemia was reported
in 17-31% of patients, and blood transfusions were
required in patients with severe anemia).”****"”* RBV dose
reductions for anemia occurred frequently; suspension of
therapy was less common. There had been a potential risk
of developing or worsening of autoimmune diseases due to
IEN use, particularly in patients with extrahepatic mani-
festations who may already have had or had some increased
susceptibility to autoimmune disorders; a scenario unlikely
with IFN-free regimens. IFN-free DAA therapy with or
without RBV is generally well-tolerated in HCV-related
MC patients.”””"?>?”7 The common side effects of
DAA therapy in MC vasculitis included anemia, fatigue,
insomnia, and nausea. A small number of serious adverse
events were reported in a few studies. Notably, treatment
with DAA regimens must be individualized, especially in
the setting of severe renal and liver disease. RBV ideally
should not be given if baseline hemoglobin levels are
<10 g/dL, particularly since MC is associated with anemia
(severe autoimmune cytopenias and severe glomerulone-
phritis).”* If RBV is used, the dose should be adjusted
preemptively according to the patient’s eGFR and then
should be closely monitored during the treatment.

Rituximab

Rituximab is a chimeric monoclonal antibody directed at
CD20 antigen on the surface of B-lymphocytes, and it is
highly effective in eliminating B-cells through comple-
ment-dependent and antibody-mediated cellular toxic-
ity.109 By depleting B-cells, rituximab has the potential
to reduce the clonal B-cell expansion, and the develop-
ment of plasma cells, thereby limiting cryoglobulin pro-
duction. Rituximab at the standard dose of 375 mg/m?‘
weekly for 4 weeks has proved to be safe and effective in
the treatment of HCV-related MC (Tables 3 and 4).
Rituximab is indicated for patients with progressive renal
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disease, mononeuritis multiplex, and skin ulcers.
patients with disease refractory to immunosuppressive
agents and/or antiviral therapy, rituximab monotherapy
leads to significant clinical (skin, renal, and neuropathy)
and immunological (cryoglobulins, IgM, and RF activity,
complements, and anti-HCV titers) improvement in 80-
100% of patients.111 115 Reversal of B-cell expansion in
both peripheral blood and bone marrow were reported in
most patients."'' ' Interestingly, complete remission of
MC-related NHL was reported in 2/3 of patients in one
study.l !2 Rituximab has been associated with significantly
elevated HCV viremia, presumably due to partial reduc-
tion of humoral control.'’® These changes are generally
transient and do not appear to have an adverse effect on
liver function.'* Clinical benefits of rituximab therapy are
usually observed within 5 months after treatment and can
last up to 1-2 years. Although B-cell repletion and vascu-
litis may develop in up to one third of patients, these
symptoms can still be responsive to rituximab retreat-
ment." """ Among patients who had a relapse in
anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis, rituximab and glucocorticoid retreatment was
noted to be successful.''®

The effectiveness of combination therapy with rituxi-
mab and Peg-IFN/RBV has been demonstrated in many
studies (Table 4). Despite a variation in study populations
and treatment regimens, treatment seemed to be safe and
offered additional benefits beyond each agent, in terms of
clinical/immunological and virological responses, in both
treatment naive and treatment refractory patients.' " '*1*°
Treatment was well-tolerated with no infectious complica-
tions. When SVR is achieved, a long-term clinical-immu-
nological response is usually observed. A randomized
controlled trial showed that Peg-IFN/RBV combined with
rituximab was more effective than Peg-IFN/RBV alone in
MC patients and its effect lasted for more than 3 years.120
In a few recent studies, a small proportion of patients with
MC received rituximab in conjunction with DAA treatment
(Table 4). These patients had progressive forms of MC, and
no significant differences were found in virologic responses
to DAA treatment alone compared to patients who received
additional rituximab.®%?1?%7

Rituximab is currently considered the best biological
target option for patients with MC and its use should be
exercised with a reasonable individualized assessment of
the benefits and risks. It is still debatable whether it should
be administered concomitantly with DAAs or sequen-
tially.94 The advantage of administering DAAs and ritux-
imab to patients at the same time includes lowering the
autoimmune response triggered by the virus while also
lowering the viral load. Moreover, rituximab has a non-
immediate pharmacodynamic profile; thus, earlier admin-
istration of rituximab could lead to a better outcome.
However, hematological toxicity remains a potential risk
with concomitant use of both therapies. The sequential
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Author (year) N Population Treatment Response
Sansonno 20 Active MC, refractory to RTX 375 mg/m? CR 80% (reduced cryocrit + clinical
et al. IFN weekly x 4 improvement)
(2003)*** FU 12 months Overall response rate occurred in 5 months
(no IS were added) Decreased RF, anti-HCV titer and B-cell
HCV-RNA increased (x2) in responders, and
remained much the same in non-responders
Zaja et al. 12 Active MC, refractory to RTX 375 mg/m? Improved purpura and neuropathy 90-100%
(2003)*12 CS/IS/IFN/PF weekly x 4 Decreased cryocrit, RF and IgM 100%
3 pt. had NHL FU response at 6 months Streroid-sparing effect 100%
with add. 3-28 months FU B-cell depletion in PB (100%), in BM (2/7)
(low-mod. dose CS are Clinical relapse 33%
allowed) In NHL: 2/3 CR, 1/3 partial response
Roccatello 12 Active MC, resistance (6), RTX 375 mg/m? Improvement of clinical signs and symptoms
et al. or intolerance (3) to weekly x 4 + add. 2 doses Decreased cryocrit, ESR, IgM, and proteinuria
(2008)*2 conventional Rx, or monthly HCV-RNA and IgG remained stable
significant BM infiltrates FU at least 18 months BM abnormalities reversed to normal 100% (3/
(3) (no IS were added) 3)
Patrarca 19 Active MC with CLD (F3-4) RTX 375 mg/m2 Clinical improved (CR 12, partial response 7)
et al. intolerant or weekly x 4 9 negative cryocrit, 5 decreased cryocrit
(2010)"** contraindicated to IFN (15 FU 6-48 months HCV-RNA increased during Rx—3 months after
pt. had cirrhosis, 6 pt. had (low-mod. dose CS are Rx
ascites) allowed) Improved liver synthetic functions and ascites
Saadoun 16 Active MC, resistance (11) RTX 375 mg/m?® Clinical and immunological improved 93.7%
et al. or relapser (5) to previous weekly x 4, then Peg-IFN CR 62.5% (all had SVR), clinical relapse 18.8%
(2008)**° Peg-IFN or IFN + RBV 1.5 pg/kg/week + RBV SVR 68.7%
600-1200 mg/day Predictors of CR = shorter vasculitis duration
FU > 6 months after Rx before Rx and lower HCV-RNA at 3 months
(mean 19.4 months)
Terrier et al. 32 Active MC [A] RTX 375 mg/m? SVR; [A] 55%, [B] 0%*
(2009)"7 - Divided into 2 groups; [A] weekly x 4 or 100 mg on Clinical response; [A] = 95%, [B] = 67%*
n =20, IFN naive (9), NR day 1 and day 15, then Immunological response; [A] = 100%, [B] = 82%
or relapser (11); [B] Peg-IFN 1.5 pg/kg/week *
n =12, failed previous + RBV 600-1200 mg/day Clinical relapse; [A] = 15%, [B] 33%*
Peg-IFN Rx or IFN for 12 months (range 3- Immunological relapse; [A] = 25%, [B] = 50%*
intolerant 20) All relapses associated with no SVR
[B] RTX alone 6 pt. had re-Rx by RTX—clinical response
FU 23 4+ 12 months 100%
*P=ns
Dammacco Si7 Active MC, naive to IFN/IS [A] RTX 375 mg/m? CCR at 12 months; [A] = 54.5%, [B] = 33.3%**
et al. - Randomized into 2 weekly x 4 + add. 2 doses CCR at 36 months; [A] = 83.3%(10/12), [B]
(2010)*2° groups; [A] n =22, [B] 5-monthly, with Peg-IFN = 40%(2/5)***
n=15 alfa-2b 1.5 wg/kg/week or **P < 0.05, ***P < 0.01
alfa-2a 180 wg/week Cryoglobulins persisted at 36 months; [A]
+ RBV for 48 week =22.7%, [B]33.3%
[B] Peg-IFN + RBV
FU 36 months after Rx
Visentini 27 Active MC, resistance (6), RTX 250 mg/m? x 2 week CR 79%
et al. or intolerance (3) to Relapse 42% (mean time of relapse 6.5
(2011)"38 months)

MC, Mixed Cryoglobulinemias; RTX, Rituximab; Peg, Pegylated; IFN, Interferon; FU, Follow-Up; CS, Corticosteroid; IS, Immunosuppressive agents;
PF, Plasmapheresis; BM, Bone Marrow; PB, Peripheral Blood; CLD, Chronic Liver Disease; NHL, Non-Hodgkin’s Lymphoma; SVR, Sustained
Virological Response; CR, Clinical Remission; CCR, Complete Clinical Response (disappearance of symptoms, cryoglobulins, serum HCV-RNA,
and B-cell clonalities from the blood).

administration of rituximab and DAAs could be under-
taken to mitigate major adverse events. Rituximab admin-
istration before DAA therapy could further increase the
odds of achieving SVR by depleting B cells—a potential

. .94
reservoir for the virus.

Rituximab is often associated with mild infusion reac-
tions such as fever, chill, nausea, vomiting, bronchospasm,
urticaria, and orthostatic hypotension. However, in a few
MC patients, particularly with high baseline cryoglobulin

levels, rituximab can form a complex with RF-positive
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IgMkappa leading to accelerated cryoprecipitation which
may eventually cause severe systemic drug reactions, flare
of MC vasculitis and serum sickness syndrome. 2 Thus, it
is suggested that rituximab be administered with caution
in MC vasculitis, with use of the 375 mg protocol and
plasma exchanges prior to rituximab infusion in patients
with high baseline levels of mixed cryoglobulin.121

Immunosuppressive and Cytotoxic Agents

Systemic Corticosteroids (CS), either high-dose oral pred-
nisone or intravenous methylprednisolone, have success-
fully been used to treat the acute phase of vasculitis
symptoms. Cytotoxic drugs, particularly cyclophospha-
mide, in combination with CS, have been shown to be
effective in inducing clinical remission in severe MC
patients.””'**!*? However, these agents are not curative
and are associated with significant side effects, liver tox-
icity, and subsequent increase in HCV viremia.'** %7
Although severe exacerbations of HCV in non-trans-
planted immunosuppressive settings is uncommon, fatal
cases of Fibrosing Cholestatic Hepatitis (FCH) with con-
ventional cytotoxic agents have been reported..lzg‘129 A
meta-analysis of controlled clinical trials suggested that
standard IFN was more effective than immunosuppressive
agents in lowering proteinuria in HCV-related cryoglobu-
linemic glomerulonephritis.13’0 Therefore, CS and cyclo-
phosphamide should be reserved for patients with severe
vasculitis with relatively preserved liver function and
should be administered for a short-term until vasculitis
activity is controlled. Other agents, such as mycopheno-
late mofetil,””'*! anti-tumor necrotic factor (TNF) anti-
bodies,"** and cyclosporine,133 have been used for MC
patients; however, supporting data are limited.

Plasmapheresis

Removal of circulating cryoglobulins by therapeutic plas-
mapheresis is accepted as an adjunctive therapy for severe
exacerbation of vasculitis, especially with renal insuffi-
ciency. In combination with immunosuppressive agents,
it generally induces temporary clinical remission. Several
apheretic procedures have been used in MC, including
non-selective plasma exchange,134 more selective proce-
dure such as double-filtrating plasma exchamge,135 or

immunoadsorption apheresis.'*

SUMMARY

HCV-related MC is a unique condition with complex
pathogenesis that involves HCV antigen-driven B-lympho-
cyte clonal proliferation and mutagenesis. Clinical spec-
trum of MC ranges from asymptomatic state to clinically-
apparent vasculitis involving multiple organs. In the era of
DAA therapy, patients with HCV-related MC achieve high
rates of viral clearance that is commonly accompanied by

20
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an improvement in clinical symptoms as well as immuno-
logical profiles. Rituximab, either alone or in combination
with DAA, has also been shown to be effective. Neverthe-
less, there have been limited and somewhat conflicting
data, particularly over the long-term, regarding the rate
and degree of clinical response of MC following DAA
therapy. It appears that we have come quite a long way
in the last decade with this condition. As with non MC
related HCV, undoubtedly long term outcome data will be
forthcoming over the next few years. As we move forward
successful therapy of HCV is not likely to be a challenge in
contrast to access to therapy.
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