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cryoglobulinemia vasculitis at the era of

direct-acting antivirals
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Abstract: Hepatitis C virus (HCV] infection is responsible for both hepatic and extrahepatic
manifestations. Before the era of direct-acting antivirals (DAA], cryoglobulinemia was related
to HCV infection in 70-90% of cases. Observed in 30% to 40% of patients with hepatitis C,
mixed cryoglobulinemia is mainly asymptomatic. Conversely, symptomatic cryoglobulinemia
vasculitis (CV) can occur in 5-10% of patients with HCV-associated cryoglobulinemia.

CV is a small-vessel systemic vasculitis, and organ damage results from circulation and
precipitation of cryoglobulins and complement activation. A wide range of clinical symptoms
can be observed during CV, and manifestations are potentially life-threatening. The most
frequent manifestations occurring in CV are cutaneous, with recurrent purpura, articular with
joint pains, neurologic with peripheric neuropathy, and renal with membranoproliferative
glomerulonephritis. DAA have drastically changed chronic HCV therapy. DAA induce
sustained virological response (SVR] rates greater than 95%, and also improve extrahepatic
manifestations such as CV. We review recent studies investigating the clinical and immune

effects of DAA therapy on HCV-CV.
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Introduction

The advent of direct-acting antivirals (DAA)
against hepatitis C virus (HCV) has dramatically
changed the management and the prevalence of
chronic HCV infection. DAA has improved treat-
ment efficacy of HCV infection, resulting in sus-
tained virological response (SVR) rates greater
than 95% and a very good safety profile, including
in patients previously considered difficult to treat
(patients with cirrhosis, hepatocellular carcinoma
(HCC), co-infected with HIV, or extra-hepatic
manifestations such as cryoglobulinemia vasculi-
tis).!*# Circulating mixed cryoglobulins, composed
of immune complexes of polyclonal IgG, mono-
clonal IgM with rheumatoid factor (RF) activity,
are detected in 40-60% of patients with chronic
HCYV infection. Cryoglobulinemia vasculitis (CV)
is observed in approximately 10% of patients with
HCV-associated cryoglobulinemia. Before the era
of DAA, HCV was identified as the main cause of

cryoglobulinemia. First-line treatment for HCV-
associated CV (HCV-CV) is antiviral therapy
because viral eradication is associated with clinical
improvement in most patients with CV.56
However, despite SVR, CV may persist or reap-
pear over variable lengths of time from the comple-
tion of therapy.>” Patients with HCV-associated
cryoglobulinemia have an increased risk of devel-
oping B-cell non-Hodgkin’s lymphoma.8

Despite successful treatment of HCV, circulat-
ing cryoglobulins, complement activation, RF
activity and clonal B-cell proliferation may per-
sist, and clinical relapse of CV is observed in
patients with SVR.%% A large majority of HCV-
infected patients achieve SVR following DAA
treatment; however, clinical and immunological
responses in HCV-CV are less consistent, show-
ing varied results depending on organ involve-
ment, reduction or disappearance of cryoglobulin,
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normalization of C4 level and/or disappearance
of RF activity. Partial clinical and immune
response after DAA treatment could be improved
with earlier administration.%10-11

We review recent studies investigating the effect
of DAA therapy on HCV-CV and exploring the
restoration of HCV-specific immune responses
following DAA therapy.

Safety and efficacy of DAA therapy in

HCV-CV

Patients with HCV-CV have high rates of SVR
(74-100%) and complete or partial clinical remis-
sion (61-100%) after treatment with DAA
(Table 1). Similar to the rate of SVR in HCV-
infected patients without extra-hepatic manifesta-
tion, patients with HCV-associated CV reach
SVR in 90% of cases.!>14 Most studies have
reported global clinical response in more than
80% of patients, with 20% partial clinical response
and complete clinical response in 60%. The rate
of complete clinical remission in HCV-CV after
DAA therapy varied, especially according to
organ involvement.2%%12 A greater rate of
response is observed in skin and skeletal manifes-
tations such as myalgia, arthralgia, purpura, and
skin ulcers (75-100%). The resolution of cutane-
ous manifestations is often described as rapid and
complete. The rates of complete improvement of
peripheral neuropathy and glomerulonephritis
are lower, ranging from 30% to 70% (Table 2).
Initial series of patients with HCV-CV treated
with DAA reported a rate of viral suppression of
100% and a SVR12 rate of 83%.2 This rate was
similar to the SVR12 rate reported with same reg-
imens in cohorts of non-cryoglobulinemic HCV
patients. No difference in SVR12 was observed
after DAA therapy between HCV patients with
and without cryoglobulinemia.!3 In a prospective
study of patients with HCV-CV treated with
Sofosbuvir (SOF) and Daclatasvir (DAC), our
group reported SVR achievement in all patients
(n=41). Complete clinical response was observed
in 90% of patients and partial clinical response in
10% after 12 or 24 weeks of SOF and DAC ther-
apy.'2 Gragnani ez al. reported prospectively that
93% of HCV patients with CV (n=41/44)
reached a complete response (CR) or partial
response (PR), and 100% achieved SVR.* Global
clinical responses increased to 100% at SVR24,
including 77% of complete clinical response.* A
recent Italian prospective study confirmed that

CV symptoms improved in 85% of cases, with
CR or PR after virological response and persisted
during follow up.!* The tolerance of DAA is
excellent, and no difference was observed between
the different DAA combinations (Table 1).
Severe adverse events (SAE) of DAA regimens
for HCV patients were rare [ribavirin (RBV)-
related anemia requiring blood transfusion,
hyperbilirubinemia]. SOF and dasabuvir have
minimal drug—drug interactions and few adverse
events (fatigue, symptomatic bradyarrythmias).
Adverse events most frequently reported with
DAC, ledipasvir, ombitasvir, and elbasvir (INS5A
inhibitors) were headache, fatigue, nausea, diar-
rhea, and insomnia. Across all studies using DAA,
SAE or early discontinuation was less than 3%.
Comparatively, SAEs, most frequently due to
severe anemia requiring erythropoietin or red
blood cell transfusion, were observed in more
than 40% in HCV patients receiving first-genera-
tion protease inhibitors (telaprevir or boceprevir)
associated with interferon (IFN) and RBV.!

Outcome of cryoglobulinemia vasculitis

after eradication of HCV

DAA regimens provide a safe and effective treat-
ment for HCV eradication. However, the cost of
DAA therapy remains more expensive than older
treatment options. Thus, it is important to assess
the long-term benefit on hepatic and extrahepatic
outcomes of a DAA-induced SVR. Despite sus-
tained clinical remission and virologic response
after DAA therapy, cryoglobulinemia may persist
or reappear. Symptoms of CV may reappear
shortly after end of treatment by DAA therapy.>’
Persistent HCV- CV following virus eradication
after DAA therapy has also been described.!®
Overall, 48% of HCV-CV patients had complete
disappearance of cryoglobulinemia, and an addi-
tional 17% experienced a decrease in cryoglobu-
lins. In a cohort of 18 HCV patients with
symptomatic CV, clinical response was worse in
HCV patients with severe vasculitis.1® Six among
seven (85.7%) patients with mild—moderate CV,
and one of seven (14.2%) patients with severe
CV, reached complete clinical response. Despite
HCV eradication in four patients with fulminant
CV, none achieved a complete clinical response
at the end of follow up. Bonacci ez al. described
five patients with relapse during follow up after
HCV eradication.? Patients with CV relapse had
more frequently underlying cirrhosis (four of five
relapses, 80%). Several months after the end of
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Table 2. Clinical response according to organ involvement in patients with HCV-associated CV after DAA therapy.

Author n Skin manifestation Peripheral Renal Others
neuropathy involvement
Sise et al.2 12 Purpura: 5/6, 83% 2/4, 50% 2/6, 33% Arthralgia: 3/7, 43%
disappearance disappearance disappearance disappearance
Ulcers (n=1): 100%
disappearance
Saadoun 24 Purpura (n=16): 100% 15/16, 94% 415, 80% Arthralgia (n=14): 100%
etal’ disappearance improvement improvement disappearance
Ulcers (n=3): 100% Motor symptoms: 4/8,
disappearance 50% improvement
Bonacci 35 Purpura: 21/23, 91% 13/18, 72% 5/7, 7% Arthralgia: 10/11, 91%
etal.t disappearance disappearance disappearance disappearance
Weakness: 24/25, 96%
disappearance
Gragnani A Purpura (n=32): 14/28, 50% 3/4, 75% Arthralgias (n=26):
etal* 28/32, 87.5% disappearance disappearance 12/26, 46% disappearance
disappearance 10/28, 36% 1/4, 25% 6/26, 23% improvement
2/32, 6.25% improvement  improvement improvement 8/26, 31% persistence
2/32, 6.25% persistence 4/28, 14% persistence Weakness (n=34):
Ulcers (n=46): 100% 19/34, 56% disappearance
disappearance 10/34, 29% improvement
5/34, 15% persistence
Sicca syndrome (n=18):
8/18, 44.5% disappearance
6/18, 33% improvement
4/18, 22% persistence
Renaud’'s phenomenon
(n=14):
11/14, 79% disappearance
1/14, 7% improvement
2/14, 14% persistence
Emeryetal’® 18 7/15, 47% disappearance  2/6, 33% 3/10, 30%
disappearance disappearance
Saadoun 41 Purpura (n=31): 100% 2/21, 9.5% 2/5, 40% Arthralgias (n=26): 100%
etal.? disappearance disappearance disappearance disappearance
Ulcers (n=7): 100% 17/21, 80% 1/5, 20% Myocarditis (n=1): 100%
disappearance improvement improvement disappearance
2/21, 9.5% persistence  2/5, 40% Gut (n=1): 100%
persistence disappearance
Bonacci 46 Purpura (n=23): 5/18, 14% persistence  2/7,5% Arthralgias (n=11): 1/11, 3%
etal.t 2/23, 6% persistence persistence persistence
Gragnani 85 Purpura (n=58): 18/37, 49% Proteinuria Arthralgias (n=41):
etal.* 48/58, 83% disappearance  disappearance (n=9): 12/41, 29% disappearance
5/58, 9% improvement 6/37, 16% 3/9, 33% 12/41, 29% improvement
5/58, 9% persistence improvement disappearance 17/41, 1% persistence
Ulcer (n=7): 100% 13/37, 35% 6/9, 67%
disappearance persistence persistence
Cacoub 148  Purpura: 97.2% 77.1% disappearance 91.5% Arthralgia: 85.7%
etal.V? disappearance disappearance disappearance

CV, cryoglobulinemia vasculitis; DAA, direct-acting antiviral; DAC, daclatasvir; HCV, hepatitis C virus.
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treatment, three patients presented episodes of
purpura. Relapse occurred respectively at 22, 24,
6, 12 and 15months after DAA. Nephrotic syn-
drome was observed in one patient. One death
occurred due to acute mesenteric ischemia 1year
after virologic eradication. Notably, cryoglobu-
linemia became positive or serum level increased
during relapse in four (80%) of five of the
patients.?> Our group described the long-term tol-
erance and efficiency of different IFN-free DAA
regimens in 148 patients with HCV-CV enrolled
in a prospective international multicenter cohort
study.!” CR was reported for 106 patients
(72.6%), PR for 33 patients (22.6%), and no
response for seven patients (4.8%). More than
95% of the patients had SVR. In addition, cryo-
globulinemia disappeared in more than half of
HCV-CV patients. DAA therapy was very well
tolerated, and withdrawal was reported for only
4% of patients. The severity of CV and peripheral
neuropathy were associated with no or PR to
DAA therapy [odds ratio (OR), 0.33; 95% confi-
dence interval (CI), 0.12-0.91; »p=0.03; and
OR=0.31; 95% CI, 0.11-0.84; p=0.02, respec-
tively]. After a median follow up of 15.3 months,
death occurred in four patients (2.8%). The
clearance of CV manifestation was observed in
97% for purpura, 91% for renal involvement,
86% for arthralgia, and 77% for peripheral neu-
ropathy. Cryoglobulinemia disappeared in 52%
of cases. SVR after DAA therapy was associated
with less severe complication of HCV infection,
such as cirrhosis, HCC, and extrahepatic
manifestations.!®

Colussi ez al. showed that patients who achieved
SVR had a higher survival rate free from HCC
than patients who did not reached SVR [hazard
ratio (HR): 0.035, 95% CI: 0.015-0.084,
$<<0.0001].2% Importantly, mixed cryoglobuline-
mia predicted the occurrence of HCC. The per-
sistence of cryoglobulinemia independently of
SVR was associated with a higher mortality from
any cause (HR: 5.982, p=0.028 in patients with
SVR and HR: 5.633, p=0.047 in patients without
SVR).20 Mortality could be reduced after SVR,
even in patients without significant hepatic fibro-
sis. Predictive factors of new HCC occurrence or
death from any cause during the follow up were
high levels of HCV viremia (HR: 0.808, 95% CI:
0.666-0.980, p=0.030), platelet count (HR:
0.910, 95% CI: 0.831-0.996, p=0.041), pres-
ence of cryoglobulinemia (HR: 3.460, 95% CI:
1.035-11.56, p=0.044), and presence of SVR

(HR: 0.070, 95% CI: 0.025-0.194, p<<0.001).20
However, even after SVR and if the fibrosis score
decreases during follow up, HCV patients with cir-
rhosis continue to have a higher risk of HCC (>2%/
year) for many years. Thus, patients with cirrhosis
should continue long-term surveillance.?!

DAA therapy is also favorable for global survival
of patients with HCV-related lymphoma.2?2 In a
study of 46 patients with indolent B-cell non-
Hodgkin lymphomas (INHL) or chronic lympho-
cytic leukemia (CLL) associated with HCV
infection, Arcaini er al. reported that virological
response after DAA therapy and lymphoprolifera-
tive disease response (LDR) are associated.?? In
this study, DAA therapy induced a high SVR rate
(98%) and a high LDR rate in HCV-associated
indolent lymphomas (67%). However, even after
HCV eradication, the eventual appearance of
B-NHL is also possible.8

The annual economic burden of extrahepatic
manifestations seems to be significant and may be
mitigated partly by treatment with DAA.2*
However, future studies are needed to evaluate
the long-term durability of treatment response
and for accounting amelioration of extrahepatic
manifestations into the cost effectiveness of DAA
regimens.

Immune restoration following DAA therapy

The mechanisms that lead to HCV-induced cryo-
globulinemia, and the reasons why cryoglobuline-
mia can be symptomatic or asymptomatic, are not
well understood. HCV envelope glycoproteins E1
and E2 help the virus enter into the hepatocytes
and lymphocytes, possibly via the CD81 cell
receptor.2> HCV induced chronic stimulation of
B cells by HCV, which generated clonal expan-
sion of CD21-CD27" memory B cells. These
memory B cells release monoclonal or oligoclonal
IgM cryoglobulins with RF activity. Immune
complexes formed by immunoglobulins and HCV
proteins precipitate in plasma below 37°C and
activate complement, resulting in vascular dam-
ages and cryoglobulinemia vasculitis.26-2° Clonal
expansion of CD27 IgM*CD21"°% memory B
cells is highly prevalent in HCV-associated lym-
phoproliferation. These clonal cells are autoreac-
tive as they produce RF autoantibodies. However,
autoreactive CD27+tIgM*CD21"°% memory B
cells express reduced CD21, which mirrors an
anergic state. Anergy is a well-known regulatory
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mechanism for maintaining immune tolerance of
autoreactive cells. To explain why only some
HCV-infected individuals develop symptomatic
cryoglobulinemia with severe vasculitis manifes-
tations, whereas the majority remains asympto-
matic, we hypothesize that anergic mechanisms
fail to prevent autoimmune complication in some
patients with HCV-related cryoglobulinemia.
Our results suggest that TLRO activation of
CD27+IgM*CD21°% memory B participate to
break tolerance in patients with HCV-CV in driv-
ing HCV-CV autoimmunity through RF produc-
tion and type 1 T cell responses(p9).3°

Some studies have reported immunologic response
of HCV-CV to DAA therapy. Complete disap-
pearance of cryoglobulinemia was reported in
48% of HCV-CV (Table 1). Normalization or
significant decrease of RF levels were observed in
8 of 28 (28%) patients.?*6:1231 Normalization or
significant increase of C4 levels was reported in
20 of 41 patients (49%).>46:1231 Despite high
rates of HCV elimination after DAA therapy
(95%), only half of patients with HCV-CV pre-
sented normalization of cryoglobulinemia or
complement level.

Bonacci er al. showed that immunologic response
was associated with clinical improvement in 73%
of patients.® Conversely, clinical response was
associated with normalization of immunologic
parameters in only 37% of patients.® Complete
immunologic response was more frequently
observed after 24weeks of DAA therapy than
after 12weeks of DAA therapy (70% and 37%,
respectively). At baseline, a low cryoglobulinemia
was independently associated with a good immu-
nological response.®

Resolution of CV seems to be inversely correlated
with severity of lymphoproliferative disease and
severity of organ damage. These data support that
HCV elimination need to be achieved earlier as
possible. Schiavinato ez al. described HCV-infected
patients with (z=9) or without (z=20) associated
lymphoproliferative disease and the impact of
interferon-free antiviral therapy on peripheral
blood lymphocytes.® SVR was reached in all
patients. After HCV eradication, HCV-infected
patients with lymphoproliferative disease pre-
sented a B-cell compartment reduced of 39%, and
a less important reduction of 9% in HCV patients
without lymphoproliferative disease. Among nine

patients with HCV-associated lymphoproliferative
disease, six patients showed persistent clonal
expansion of B cells even 1year after end of treat-
ment. Furthermore, three patients showed a
reduction or normalization of the immunoglobulin
light chain level. Thus, clonal expansion of mem-
ory B cells could reduce after HCV eradication by
DAA treatment in the peripheral blood of patients
with HCV-associated lymphoproliferative disor-
ders. Conversely, persistence of monoclonal popu-
lations after virologic response have been
reported.1® Persistence of clonal expanded B cell
might underlie the risk of relapses of vasculitis,
independently of viral infection. Depletion of B
cell compartment with rituximab could be an addi-
tional therapeutic option to reduce the risk of vas-
culitis relapse, especially in patients with persistent
cryoglobulinemia and detectable clonal memory B
cells after the HCV eradication.

In our experience, amelioration of immune dis-
orders of peripheral B- and T-cell populations
in patients with HCV-associated cryoglobuline-
mia vasculitis is observed after HCV elimina-
tion induced by successful DAA therapy.!! In
HCV-associated cryoglobulinemia vasculitis, an
increase rate of follicular helper T cells (TFH)
has been positively correlated with T Helper 1
(Th1) and T Helper 17 Cells (Th17) polarization,
clonal expansion of IgM+CD21-/low memory B
cells. Expansion of TFH was also associated with
lower rate of regulatory T cells (Tregs). B-cell dis-
orders could be ameliorated after SVR following
successful DAA therapy. Clonal anergic and auto-
reactive memory B cells and cryoglobulin levels
decrease after HCV elimination. In addition, we
demonstrated restoration of T-cell homeostasis by
recovering Th1/Th17 balance and enhancing T
lymphocyte activation pathway.

B-cell activating factor (BAFF) is a critical factor
for B-cell maturation and survival.??> BAFF is also
involved in the regulation of TFH, T-cell prolif-
eration and cytokine production.3® Rituximab
treatment is marked by an increase in serum BAFF
concentration and a decrease in B-lymphocyte
stimulator receptor (BAFF-R).3* After B-cell
depletion by rituximab, the repopulation of the
B-cell compartment in a BAFF-rich environment
may favor long-lived autoreactive B cells,?> which
may be of special importance in HCV-induced
B-cell proliferation. In contrast, BAFF-R expres-
sion on B-cells increase after DAA therapy.!!
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Altogether, these data suggest that immune disor-
ders observed in patients with HCV-associated
CV may be partially resolved or improved after
HCV eradication. It will be very interesting to
analyse if the persistence of immune disturbances
is associated with relapse of cryoglobulinemia
vasculitis.

Management of patients with HCV-CV in the

era of DAA

Nowadays, simplified anti-viral therapy with gle-
caprevir (300mg)/pibrentasvir (120mg) during
8weeks, or SOF (400 mg)/velpatasvir (100mg)
during 12weeks, is recommended in HCV
patients without cirrhosis and who have not pre-
viously received HCV treatment.3%37 Simplified
anti-viral therapy is not based on HCV genotype.
Simplified anti-viral therapies are not recom-
mended in patients with prior HCV treatment,
cirrhosis, end-stage renal disease [estimated glo-
merular filtration rate (¢GFR) <30 ml/min/m?],
co-infected with HIV or HBV, pregnant, hepato-
cellular carcinoma, or liver transplantation. In
patients with renal disease, anti-viral therapy
depends on the severity of renal damage.?® DAA
for the antiviral therapy of HCV in patients with
mild or moderate renal impairment (chronic kid-
ney disease (CKD) stage 1, 2, or 3), have been
approved without dose adjustment. However,
other drugs may interact with DAA, requiring
dose adjustment. Two regimens based on DAAs
have been approved recently for the antiviral ther-
apy of HCV in patients with severe renal impair-
ment (CKD stage 4/5, eGFR less than 30ml/
min/1.73m? or end-stage renal disease requiring
hemodialysis): elbasvir/grazoprevir and gle-
caprevir/pibrentasvir.?® SOF has predominant
renal excretion. Safety and efficacy of SOF have
not been established in patients with severe renal
impairment.

Across all studies, long-term follow up after DAA
therapy show high level of clinical response
(85%), either partial (20%) or complete disap-
pearance of vasculitis symptoms (65%) (Table 1).
SVR achievement is correlated to clinical response.
However, clinical remission of vasculitis is also
observed in patients with virological relapse.2%12,16
Overall, more than 50% of HCV-CV patients
who achieve SVR after DAA therapy, had a com-
plete clinical remission. Complete clinical
response is defined as amelioration or disappear-
ance of all the baseline vasculitis symptoms and

absence of clinical relapse. Some symptoms of
CV seem to be more prone to resolve after SVR.
Cutaneous manifestation such as purpura and
skin ulcers, articular manifestations, and myalgia
were most frequently reported to respond with
rapid improvement and complete resolution
(ranging from 75% to 100%) (Table 2).
Peripheral neuropathy and renal disorders had
less frequent CR compared with cutaneous and
articular manifestations (30-70% wversus 75—
100%, respectively).2-46,12,13,16,17

Mixed cryoglobulinemia is detected in 40—60% of
HCV-infected patients. In most HCV patients,
the presence of cryoglobulinemia is asympto-
matic. Manifestations of cryoglobulinemia vascu-
litis, ranging from mild symptoms to fulminant
life-threatening complications, are observed in
approximately 15% of patients. Although cryo-
globulinemia without symptoms is possible in
HCV patients, viral clearance is strongly associ-
ated with clinical response of CV. Consistent with
international guidelines on HCV treatment, anti-
viral therapy should be started without delay for
HCV patients with extrahepatic manifestations
such as vasculitis manifestations.4%4 Most HCV-
associated CV manifestations have been shown to
disappear after HCV clearance after antiviral
therapy with DAA. To treat HCV-CV, it is always
recommend to eliminate HCV infection using
DAA therapy.*® Management of patients with
HCV-CV by combining antiviral treatment with
plasmapheresis and/or deletion of B-cell clonal
expansions using rituximab should be tailored
according to the severity of CV disease. Patients
with symptomatic disease that persists after anti-
viral therapy remain candidates for immunother-
apy. Patients with mild-to-moderate CV should
be treated with an optimized DAA therapy.
Severe CV manifestations, such as renal involve-
ment (membranoproliferative glomerulonephri-
tis), skin necrosis, peripheral neuropathy,
gastrointestinal vasculitis (intestinal ischemia),
lung involvement, heart and/or CNS vasculitis,
may require additional immunosuppressive drugs
to DAA therapy (Figure 1).#2 Rituximab is dis-
cussed for HCV-CV patients with severe systemic
manifestations, including renal involvement,
large necrotizing ulcers, and polyneuropathy.40-43
Rituximab is administered intravenously at a dose
of 375 mg/m? on days 1, 8, 15, and 22.4% In severe
cases, rituximab 375mg/m? every week for
4weeks should be administered, with plasma-
pheresis if necessary, associated with DAA
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HCV cryoglobulinemia vasculitis
Therapeuticstrategies

|

|

Mild, moderate
Arthralgia, purpura,
polyneuropathy

Severe
Renal disease, mononeuropathy
multiplex, skin necrosis

Fulminant, catastrophic
Rapidly progressive GN, CNS,
digestive, pulmonaryinv.

| DAA

DAA

DAA

RTX RTX, PE, steroids iv

Figure 1. Summary of additional treatments suggested according to the severity of HCV-related CV (adapted

from Cacoub et al.2)

CV, cryoglobulinemia vasculitis; DAA, direct-acting antivirals; GN, glomerulonephritis; HCV, hepatitis C virus;
inv., involvement; iv, intravenous; PE, plasma exchange; RTX, rituximab.

therapy.*> During plasmapheresis, the exchange
solution should be warmed to body temperature
to avoid cryoglobulin precipitation. In case of
acute cryoglobulinemic symptoms, 3-8 proce-
dures should be considered, every 1-3 days: 1-1.5
total plasma volume.>%% In fulminant cases such
as diffuse alveolar hemorrhage and/or rapidly pro-
gressive  glomerulonephritis  (pulmonary-renal
syndrome), or if there is hyperviscosity syndrome,
plasmapheresis is usually performed. Removal of
circulating cryoglobulins by therapeutic plasma-
pheresis is accepted as an adjunctive therapy for
fulminant cases or severe exacerbation of vasculi-
tis, especially with rapidly progressive glomerulo-
nephritis, central nervous system involvement,
cardiac manifestations, ulcers or cutaneous
necrotizing vasculitis.4#”¥® Complementary and
alternative therapies after treatments previously
mentioned, are limited. Low-dose corticosteroids
may help to control inflammatory symptoms such
as articular manifestations but do not succeed in
case of major organ involvement. Other immuno-
suppressants should be given only in case of
severe and refractory forms of CV, frequently
associated with B-cells lymphoproliferative dis-
ease.® After HCV clearance following DAA ther-
apy, patients with partial clinical response,
persistence of cryoglobulinemia, or relapse of vas-
culitis symptoms will need to be monitored and
alternative therapies assessed.

Safety and efficiency of DAA regimens are excel-
lent in patients with HCV-associated CV. A large
majority of patients with HCV-CV (>95%)
achieve CR or clinical PR after DAA therapy.
Less than 5% of patients discontinue DAA treat-
ment. Mortality was fewer than 3%. The achieve-
ment of SVR is necessary, but not sufficient, to

achieve a complete immunological and clinical
response. SVR with DAA is associated with a
rapid control of most vasculitis manifestations.
However, cryoglobulins remain positive in about
50% of patients and a small proportion of HCV-
associated cryoglobulinemia vasculitis patients
remain at risk of clinical relapse and of B-NHL. In
cirrhotic patients, the risk of hepatocellular carci-
noma should be monitored. Severe forms of CV
and peripheral neuropathy seem associated with a
lack of response of HCV-CV to DAA therapy.
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