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A B S T R A C T

Hepatitis C virus (HCV) infection affects about 70 million people worldwide. HCV is responsible for both he-
patitis and extra-hepatic manifestations. Chronic infection has been shown to develop in about 70% of cases and
can progress to cirrhosis or hepatocellular carcinoma. Ten percent of HCV patients may develop extra-hepatic
manifestations, including mixed cryoglobulinemia (MC) and non-Hodgkin lymphomas. Many studies have de-
monstrated that, after antiviral therapy, MC can disappear along with HCV eradication. After the introduction of
the new direct antiviral agents (DAAs), the combination of pegylated interferon and ribavirin has been aban-
doned. Several studies on new DAAs have reported remarkable 90% to 100% eradication rates, regardless of
HCV genotype. Treatment with DAAs has comparable efficacy on viral eradication in patients with MC, but
definite clinical improvements of vasculitis can be observed only in half the patients. On the contrary, the
regression of renal disease and lympho-proliferative disorders, induced by HCV, appears to have a lower re-
mission rate after viral eradication with DAAs and most cases need immunosuppressive treatments. In HCV
related CV, the main clinical goal must be early eradication of HCV, to avoid organ complication and mani-
festation of lympho-proliferative diseases. This review focuses on the role of DAAs in treatment of HCV-related
cryoglobulinemic vasculitis.

1. Introduction

Seventy million people are estimated to have been infected with
Hepatitis C virus (HCV), which is responsible for both hepatitis and
extra-hepatic manifestations. Chronic infection has been shown to de-
velop in about 70% of cases [1], and it can progress to cirrhosis or
hepatocellular carcinoma (HCC). HCV can determine not only acute
and chronic hepatitis but also several extra-hepatic manifestations, in-
cluding autoimmune diseases, mixed cryoglobulinemia (MC) and non-
Hodgkin lymphomas (NHL) [2,3]. A large body of clinical, epidemio-
logical, biological, and molecular data suggest the association between

HCV and monoclonal lympho-proliferative disorders and supports a
causal relationship [4–8]. Many authors have demonstrated that both
MC and NHL could disappear together with HCV after antiviral therapy,
though with a largely unsatisfactory response rate as compared to HCV
cases without extra-hepatic manifestations [9–12].
Antiviral therapies have significantly improved in recent years; the

combination of pegylated interferon (Peg-IFN) and ribavirin (RBV), also
combined with boceprevir or telaprevir, has been abandoned after the
introduction of the new direct antiviral agents (DAAs) [13–15]. Several
studies on these new DAAs have reported a remarkable eradication rate,
ranging from 90% to 100% regardless of HCV genotype [16,17].

Abbreviations: CV, cryoglobulinemic vasculitis;; DAAs, direct antiviral agents;; HCC, hepatocellular carcinoma;; HCV, hepatitis C virus;; MC, mixed cryoglobuli-
nemia;; NHL, non-Hodgkin lymphomas;; RF, rheumatoid factor;; RBV, ribavirin;; RTX, rituximab;; SOF, sofosbuvir;; SVR, sustained virological response.

⁎ Corresponding author at: Clinical of Experimental Onco-Haematology Unit, Centro di Riferimento Oncologico di Aviano (CRO) IRCCS, Via Franco Gallini 2, 33081
Aviano, PN, Italy.

⁎⁎ Corresponding author at: Cancer Epidemiology Unit, Centro di Riferimento Oncologico di Aviano (CRO) IRCCS, Via Franco Gallini 2, 33081 Aviano, PN, Italy.
E-mail addresses: cesare.mazzaro@gmail.com (C. Mazzaro), epidemiology@cro.it (L. Dal Maso).

Accepted 2 March 2020

T

1

http://www.sciencedirect.com/science/journal/15689972
https://www.elsevier.com/locate/autrev
https://doi.org/10.1016/j.autrev.2020.102589
https://doi.org/10.1016/j.autrev.2020.102589
mailto:cesare.mazzaro@gmail.com
mailto:epidemiology@cro.it
https://doi.org/10.1016/j.autrev.2020.102589
http://crossmark.crossref.org/dialog/?doi=10.1016/j.autrev.2020.102589&domain=pdf


Presently, few published reports have documented novel DAAs regi-
mens, showing a comparable efficacy in patients with MC concerning
viral eradication, while a definite clinical improvement has been ob-
served only in a fraction of patients who obtained a sustained vir-
ological response (SVR) [18–28].
A clinical assessment of MC patients is difficult because a fraction of

them continues to assume steroids or other immunosuppressive agents
and because of the considerable clinical heterogeneity of the disease.
MC shows several pathological conditions and multi-organ involvement
within the same patient; therefore, follow-up becomes challenging as it
involves several specialists, and each haematology or hepatology center
enrolls only few cases, precluding the execution of randomized trials.
The American Association for the Study of Liver Diseases (AASLD) as
well as the European Association for the Study of the Liver (EASL)
suggest the use of the new DAAs for treatment of patients affected by
symptomatic MC even in absence of a chronic liver disease [29,30].
This review focuses on the role of DAAs in the treatment of HCV-

related cryoglobulinemic vasculitis (CV), taking into account that the
contribution of cryoglobulins to MC development of clinical symptoms
or the clinical recommendations for the management of MC-associated
life-threatening manifestations were comprehensively addressed in re-
cent reviews [31,32].

1.1. Main studies utilizing DAAs in HCV-related CV

Sadooun et al. [33] conducted a prospective study treating 24 HCV-
RNA positive CV patients (12 with cirrhosis) with sofosbuvir (SOF) plus
RBV for 24 weeks, 12 of them were genotype (Gt) 1. In this study, only
17/24 cases (71%) obtained a SVR (Table 1). Concurrently with SVR,
they observed purpura disappearance in 16 cases (100%), ulcer dis-
appearance in 3 cases (100%), and arthralgias disappearance in 14
cases (100%). Improvement of nephropathy was reported in 4 cases
(80%) while improvement of peripheral neuropathy was seen in 8 out
16 cases (50%). A reduction of cryocrit levels was reported in all cases
but disappearance of cryoglobulins only in 46% of cases. The C4 serum
levels increased in 20 patients. The ALT became normal in all patients
(Table 2). Main side effects of DAAs were mild fatigue (25%), anemia
(25%), insomnia (21%), and infection (17%). Grades 3 and 4 anemia
was observed in 3 patients (12.5%). Thirteen patients (54%) received
erythropoietin and 3 (12.5%) received blood transfusion. Antiviral
therapy was discontinued in 2 patients due to hallucination and irrit-
ability and to a grade 4 anemia.
In a retrospective study, Sise et al. [19] have reported the experi-

ence obtained in 12 patients (6 with cirrhosis and 7 with Gt1). Eight
patients received SOF plus simeprevir and 4 received SOF plus RBV for
12 or 24 weeks. All patients (100%) were HCV-RNA negative after
1 month of therapy. SVR at 12 weeks (SVR12) was achieved in 10 cases
(83%) (Table 1). After SVR12, they observed purpura disappearance in
83% of cases, arthralgias disappearance in 67%, neuropathy dis-
appearance in 75%, and nephropathy improvement in 43% of cases.
Six, out of 7 patients with nephropathy, received a combination of ri-
tuximab (RTX), corticosteroids and plasmapheresis before of DAAs
therapy. A cryocrit reduction was reported in 9 patients (75%) but
cryoglobulins disappearance was observed only in 4 cases (33%) after
treatment. The rheumatoid factor (RF) level was normal in 3 patients
(50%) and C4 serum levels increased from 11 to 16 mg/dl at 12 weeks.
ALT level became normal in all cases (Table 2). Mild side effects were
common during treatment, and 8 patients (67%) reported one adverse
event during therapy. Antiviral therapy was discontinued in 2 cases
(17%) for iperkalemia and for severe anxiety and insomnia. In a his-
torical control group, 10 patients received Peg-IFN plus RBV, and only 1
achieved SVR, and they observed clinical remission without immune
response.
Gragnani et al. [21] have conducted a prospective study on 44 HCV-

related CV patients (23 were Gt1) of whom, 27 had chronic hepatitis
and 17 had cirrhosis. The majority of these patients (57%) failed Ta
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previous treatments with IFN-based regimens. Forty four patients were
treated with different SOF-based DAAs therapy. All patients (100%) had
undetectable HCV-RNA viremia after one month of therapy, which re-
mained undetectable until the 12th week (SVR12) and 24th week after
therapy in all cases. After 24 weeks from therapy, all patients had CV
clinical response; 41% were clinically complete responders (dis-
appearance of all clinical signs of disease), and 23% were partial re-
sponders (improvement of the clinical symptoms; reduction of the
purpura score > 50% and reduction of at least half of the baseline
arthralgias and weakness), and 7% were non responders (clinical im-
provements less than half of baseline symptoms or stable disease)
(Table 1). Purpura disappeared in 87% of cases, arthralgias in 46%,
Raynaud phenomenon in 79%, Sicca syndrome in 44%, and relief of
peripheral neuropathy in 50% (Table 2). Among 4 patients with renal
involvement, the one with membrano-proliferative glomerulonephritis
had a reduction of proteinuria and normalization of blood pressure,
another had complete remission of the nephrotic syndrome, and two
showed a marked improvement of the glomerular filtration rate with
normalization of proteinuria (Table 2). Two patients, one with chronic
skin ulcers and one with kidney disease, were treated with RTX, in
combination with DAAs. In the first patient ulcers completely healed at
week 8 and in the other complete remission of the nephrotic syndrome
was observed at week 4 of treatment. Two cases with MC and indolent
NHL (B-cell lymphocytosis and marginal zone lymphoma) showed
partial regression of vasculitis and a decrease of cryocrit; neither cases
had regression of either vasculitis or of monoclonal lymphocitosys. A
reduction of cryocrit and RF levels were reported in the majority of
cases 24 weeks after therapy. Forty percent of patients showed normal
C4 levels 24 weeks after therapy (Table 2). A slight decrease of the
model for End-Stage Liver Disease score was observed in 17 patients
with F4 fibrosis after 24 weeks. Main side effects of DAAs were mild,
and no case interrupted treatment. Anemia occurred in 13 patients
(29%), all receiving RBV, eight (61%) of them required reduction of
RBV dose, one suspension of RBV, and three were treated with ery-
thropoietin. One patient required blood transfusion.
In another prospective study, Sollima et al. [34] recruited 7 patients

(1 with cirrhosis; 1 Gt1a; 2 Gt1b) who were treated with different DAA
combination according to Gt (Table 2). All patients (100%) achieved
SVR12. Serum cryoglobulins were undetectable in 4 patients at the end
of treatment but reversed to detectable during follow-up (Table 2). A
clinical response at SVR12 was observed only in two patients. However,
8 weeks later one patient had a recurrence of CV despite the HCV-RNA
clearance (Table 1).
Bonacci et al. [24], in a prospective study, enrolled 64 patients (35

with CV and 29 without CV) for antiviral treatment. Ten patients (16%)
received IFN plus DAA combination treatment while the remaining 54
received IFN –free therapy. In CV patients, 15 (44%) had cirrhosis and
5(14%) Gt 1a, and 28 (80%) Gt 1b. Five (71%), out of 7 patients with
renal involvement, had a renal biopsy confirming a membrane-pro-
liferative glomerulonephritis (Table 2). In the overall population, 94%
of patients achieved SVR12; no significant differences in SVR12 rates
were observed in patients with or without CV (93 and 94%, respec-
tively). Among CV affected patients, 71% achieved complete clinical
response and 14% had partial response while 15% had no response.
Overall, antiviral treatment tolerance was excellent. Anemia occurred
in 11 cases (31%). Four patients treated with RBV received ery-
thropoietin. None discontinued antiviral therapy. Renal involvement
was achieved in 5 cases (71%) along with disappearance of purpura,
arthralgias and weakness with a significant improvement in GFR, de-
crease of proteinuria and disappearance of hematuria. Peripheral neu-
ropathy improved in 13 cases (72%). All immunological parameters
improved in both groups at SVR12. Circulating cryoglobulins became
undetectable in 45% and 62% in patients with or without CV, respec-
tively (Table 2). Normalization of C4 and RF was reported in 42%, and
29% subjects with CV or without CV, respectively.
In a open-label, prospective multicenter study, Sadoon et al. [22]

enrolled 41 patients HCV- related CV (18 with cirrhosis; 25 Gt1). All
patients received therapy with SOF plus declatasvir for 12 months or
24 weeks. All patients (100%) had undetectable HCV-RNA viremia after
one month of therapy that remained undetectable at the end of therapy.
At SVR12 and 24 weeks after therapy, 90% of patients had complete
clinical response, and 10% had partial clinical response (Table 1). They
observed disappearance of the purpura, arthralgias and skin ulcers in
100% of patients at the end of therapy, which remained unchanged at
the 36th week in all cases. (Table 2). The disappearance of peripheral
neuropathy was observed in 38% of patients at 36th week after therapy.
Nephropathy improvement was observed in all five patients, of whom 3
had complete response of renal function (Table 2). One patient with
stage 4, marginal zone, B-cell lymphoma with villous lymphocytes was
considered in complete remission of lymphoma and in partial remission
of vasculitis at the end of antiviral therapy (Table 2).
Emery et al. [23], in a retrospective study, compared 18 patients

with HCV and CV with 65 with HCV without CV. In CV patients, 12 had
cirrhosis and 9 were Gt1. In patients without CV, 41 had cirrhosis and
40 were Gt 1. Eleven patients (79%) with CV and 55 (85%) without CV
received IFN-free therapy, while 7 cases (20%) with CV and 10 (15%)
without CV received Peg-IFN- based regimes. Overall, virological re-
sponse rates were similar in the two with or without CV groups (89% vs
91%, respectively). IFN-free regimens had similar success rates, 91% in
CV patients and 93% without CV. Virological response with Peg-IFN-
based regimens were 82% in CV and 91% in patients without CV. In CV
patients, complete clinical response at SVR12 was obtained in 29% of
cases with 47% of partial response and 23% of no response (Table 1).
Specifically, 44% of patients with skin manifestation, 22% with neu-
ropathy, and also 39% of patients with nephropathy who had complete
symptom resolution. Median creatinine at baseline and median pro-
teinuria was reduced after therapy in 7 (70%) patients with nephro-
pathy (Table 2). Safety and tolerability were excellent in the patients
treated with DAAs. Patients administered IFN-based regimens had sig-
nificantly more adverse events. Importantly, in patients with renal in-
sufficiency, IFN-free regimens were well tolerated without negative
impact on renal function, even in those who received SOF with crea-
tinine clearance below 30 ml /min.
In a prospective study, Lauletta et al. [25] recruited 22 HCV-related

CV patients, of whom 6 (27%) had cirrhosis without signs of hepatic
decompensation, 14 (64%) were Gt 1. Three patients were treated with
other DAAs therapy and 19 with different SOF-based therapy plus RBV
(Table 2). All 22 patients (100%) obtained SVR12. Furthermore, they
observed disappearance of the Meltz's triad symptoms in 100% of pa-
tients at SVR12. Two (100%) patients with peripheral neuropathy had a
partial benefit during antiviral treatment and showed progressive im-
provement after the end of treatment. Three (75%) patients with ne-
phropathy improved after therapy but 1 (25%) patient experienced a
worsening of renal function at SVR12. Three cases with B-cell NHL, one
with stage 4 small lymphocytic lymphoma (SLL) who received SOF/
RBV therapy for 24 months, despite clearance virus, followed by four
RTX infusions. One marginal zone B-NHL, previously treated with Peg-
IFN–alfa+RBV+ RTX, and one with diffuse centrocyte B-cell NHL who
had received chemotherapy 2 years before, resulted in CR. In this pa-
tient treated with DAAs SVR12 was reported.
One patient with SLL treated with DAAs, despite viral clearance,

experienced a tumor progression that required chemotherapy in addi-
tion to RTX. Two patients who had previously received diagnosis of
HCC were treated with loco-regional ablation therapies, treated with
DAAs, obtained SVR12, no recurrence of disease progression was re-
corded. The treatment induced a reduction of cryocrit levels and RF in
the majority of cases, but only 18% showed undetectable levels of
cryoglobulins at the end of treatment and at SVR12. The C4 serum level
increased in 13 (59%) patients at SVR12 (Table 2). Complete response
was obtained in 14 (64%) patients and partial clinical response in 5
(23%) (Table 1). After few weeks of treatment, DAAs induced nor-
malization of the ALT serum levels at SVR12. During therapy, no severe
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adverse events related to DAAs therapy were observed. Two (1%) pa-
tients presented anemia secondary to RBV treatment that required do-
sage reduction and erythropoietin administration, but no patient in-
terrupted treatment.
Sollima et al. [35] recruited 17 HCV-related CV patients treated

with SOF-based DAAs therapy, all achieved SVR12. At post treatment
follow-up (i.e., 17 months), a complete clinical response was observed
in 5 (29%) cases and a partial response in 6 (35%) cases. Serum cryo-
globulins were undetectable in 7 (41%) patients (Table 1). However,
one patient with purpura, nephrotic syndrome and chronic kidney
disease, who had achieved complete clinical and immunological re-
sponse, had a relapsed of vasculitis after influenza immunization. One
patient with nephrotic syndrome had obtained improvement of renal
function during follow-up. Three (18%) patients, who were non re-
sponders, showed clinical and immunological improvement after RTX
therapy.
A previous study [27] recruited 22 HCV-related CV patients of

whom 13 (59%) had cirrhosis: 12 (54%) GT1. Nineteen (86%) patients
were treated with different SOF-based therapy and 3 (14%) patients
received other DAAs (Table 2). All patients (100%) achieved SVR12 but
1 (5%) who relapsed four months after the end of treatment with HCV-
RNA positive, cryocrit increase, purpura and arthralgias recurrence
(Table 1). This patient had genotype 1b and was affected by cirrhosis.
Disappearance of the purpura in 8 (67%) patients and arthralgias in 9
(75%) were observed at week 48 of follow-up, in all cases. Symptoms
relief of peripheral neuropathy was observed in 7 (70%) patents at end
therapy and remained in complete response at week 48, while three
cases did not show any improvement of neuropathic pain and par-
esthesias. Two patients with indolent NHL (marginal zone) did not
show any clinical response (purpura and arthralgia) and any radi-
ological improvement in number and size of nodes (Table 2). Complete
clinical response was achieved in 75% of cases and no response in 25%
of cases (Table 1). The treatment induced a reduction of cryocrit levels
in 15 (68%) cases, but only 1 (5%) showed undetectable levels of
cryoglobulins 48 weeks after therapy. The RF levels decreased in 16
(72%) patients, but a normal RF level was observed in only 1 (5%). A
normalization of the C4 levels was not observed in any case at week 24.
Only one patient (5%) obtained the complete immunological response,
while 10 (45%) patients obtained a partial response. ALT became
normal at end of therapy, in all 10 (100%) patients with elevated ALT
that remained normal after 48 weeks of therapy (Table 2). Main side
effects of DAAs were mild, with no case of therapy interruption. Six
(27%) patients presented anemia secondary to RBV treatment. Four of
them required reduction of RBV dose and they completed the treat-
ment.
In a prospective, study Bonacci et al. [36] assessed the long term

outcomes of HCV eradication with DAA in 46 patients with HCV-related
CV and in 42 without CV. All (100%) patients achieved SVR12; no
significant differences in SVR12 rates were observed in patients with CV
or without CV. Most baseline features were similar between groups,
including treatment regimen and duration (data not shown). At
24 months from therapy, the last follow-up evaluation, complete clin-
ical response increased from 70% to 80% and partial clinical response
from 9 to 11%. Only 4 (9%) patients were non responders at the last
follow-up. In patients with CV, disappearance of purpura was observed
in 14 (61%) cases, weakness in 12 (52%), and arthralgias in 5 (22%).
Among patients with peripheral neuropathy, symptoms improved in 16
out of 19 patients at SVR12. Among patients with nephropathy, 6 out of
9 experienced a complete recovery at SVR12 (Table 2). At immunologic
level, cryoglobulins persisted in 59% patients with CV and 45% without
CV at SVR 12 (Table 2). RF values also improved in both CV and
without CV in the most cases at SVR12 (Table 2). Five patients with CV
relapsed during follow-up and 4 with underlying cirrhosis (Table 1).
Three patients had transient episodes of purpura, one patient developed
nephrotic syndrome, and another died of acute mesenteric ischemia
1 year after SVR12. None of the patients without CV developed an overt

CV during the study. Three patients received RTX, but the last cycle was
administrated more than 36 months before DAAs. Overall clinical and
immunologic responses were similar between patients who received
immunosoppressive therapy concomitant DAA and those who did not.
Cacoub et al. [28], in a prospective multicentre study, recruited 148

consecutive patients with HCV-associated CV, of whom 70 had Child-
Pugh class A cirrhosis and 79GT1. Antiviral therapy included different
SOF-based DAAs therapy. SVR12 was obtained in 141 (97%) of pa-
tients. One hundred six (73%) patients showed a complete clinical re-
sponse, 33 (22%) a partial response, and 7 (5%) had no response of
their CV manifestations (Table 1). They observed disappearance of
purpura in 65(76%) of cases, arthralgias in 73 (66%), skin necrosis in
11 (10%), and symptoms relief of peripheral neuropathy in 63 (54%)
patients. Among patients with B-cell lymphoma, 10/13 (77%) cases
showed a complete clinical response and 2 (15%) partial response of
cryoglobulinemic manifestations (Table 1). Moreover, improvements of
nephropathy, in 15/25 (60%) patients and of a severe form of vasculitis
in 28/43 (65%) were observed. The treatment reduced cryolobulinemia
levels in complete response and in partial response. They did observe an
increase of the mean C4 level in 47(44%) patients in complete response.
Normalization of the ALT serum levels was observed at 24 weeks.
During therapy, adverse events related to DAAs were observed in 20%
of cases. Main side effects of DAAs were mild, and no case interrupted
the therapy. Nineteen patients presented anemia secondary to RBV
treatment.
Visentini et al. [37] investigated 45 HCV-related CV patients treated

with guideline-tailored DAAs and followed-up for a median time of 18.5
(9–38) months. A complete clinical response was observed in 78% of
cases, a partial response in 18% of cases and only 4% of patients were
non-responders (Table 1). Thirty-eight percent of patients showed a
complete laboratory response with negativization of cryoglobulins and
normalization of C4 levels and 42% of patients still had detectable
cryoglobulins at the end of follow-up (Table 1). The authors described
the behavior of circulating B-cell clones, detected at baseline in 40% of
the patients, until the end of follow-up and found that their size re-
mained substantially unchanged and did not correlate with the persis-
tence of cryoglobulins or vasculitis manifestations. In this cohort of
patients three cases experienced a clinical relapse, characterized in all
cases by purpura and in one case by progression of neuropathy.

1.2. Relapses of mixed cryoglobulinemic vasculitis after DAAs

In the era of antivirals, interferon-based treatments, relapses of
mixed cryoglobulinemic vasculits despite viral eradication have been
described and usually associated with the development of NHL [38].
The main studies reported in this review, in particular those with longer
follow-up, have found several cases of vasculitis relapses, and addi-
tional small case series or case reports have described the recurrence of
MC after viral eradication with DAAs [35–37,39,40]. Relapses seemed
not to be limited to a determined time-space after DAA treatment, as
they were observed 3 and 25 months after therapy. The majority of
patients who relapsed had mainly a genotype 1 and were affected by
cirrhosis. All patients relapsed with a positive cryocrit and vasculitis
manifestations ranged from single and transient episodes of purpura to
severe and life threatening manifestations (Table 1). Visentini et al.
[37] and other authors [41] showed that clonal RF positive B cells
expanded in MC patients, persisting in peripheral blood long after the
eradication of chronic antigen stimulation provided by HCV. In addi-
tion, it has been suggested that vasculits recurrence might be related to
the activation of these persisting clonal B-lymphocytes [42]. Con-
comitant diseases, as infections and cancers, might contribute to the
pathogenic mechanisms involved in vasculits relapses through the
production of high amounts of immune complexes that activate RF
positive clonal B cells [40].
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2. Discussion

The association of Peg-IFN plus RBV has been considered for many
years the best antiviral therapy in HCV infections and in HCV related
CV [13,14]. This therapy showed a virological response rate lower than
that found in patients with HCV without CV. Since 2015, Peg-IFN
therapy has been substituted by the new DAAs therapy, which have
shown a nearly 100% virological response rate. Several study have
reported that virological response in CV patients is similar to those
without CV. In all these studies, no serious side effects causing treat-
ment suspension were observed. The most common adverse reactions
were mild fatigue, insomnia, and anemia in patients receiving RBV
[19,21,27,43,44].
Today RBV-associated anemia is overcome by the new approved

DAAs, such as glecaprevir/pibrentasvir [45] or SOF/velpatasvir [46] or
grazoprevir/elbasvir [47] combinations, no longer including RBV. The
clinical and immunological responses seem less satisfactory than the
virological response. In fact, despite the viral eradication, the cryo-
globulins in the serum and RF persisted in half the patients. Also C4
level resulted unchanged in most cases. In almost 50% of the patients,
immunological response was associated whit clinical response. These
findings have indicated that production of cryoglobulins and RF had
become independent of virus replication, as previously suggested by
Artemova et al. [48]. This means that several independent clones of B-
cells, which continue to produce both cryoglobulins and auto-reactive
immunoglobulins, are present even in absence of the B-cell-receptor or
CD81 stimulation by the viral proteins.
In the studies included in this review, the disappearance or im-

provement of the vasculitis symptoms such as purpura and arthralgias,
became evident in 265/313 (84%) cases, after the end therapy and
during follow-up (Figure1). In our historical series of patients affected
by CV treated with Peg-IFN, we observed a relief from purpura and
arthralgias symptoms in 59% of cases, even in patients with still de-
tectable HCV-RNA [13]. In these studies, improvement of peripheral
neuropathy after few months of DAAs therapy emerged in 110 out of
240 (42%) of patients (Fig. 1). Few cases achieved improved prevalent
motor peripheral neuropathy after DAAs therapy.
The patients affected by sensory motor peripheral neuropathy

treated with DAA who achieved virus clearance, but remained clinically
non responders, during follow-up were treated with RTX, achieving
clinical and immunological improvement. Rituximab can be considered
in patients with severe sensory motor peripheral neuropathy prior to
induction of antiviral therapy, to obtain a reasonable and timely ther-
apeutic response [49].
In our historical series of patients treated with Peg-IFN plus RBV, we

observed improvement of symptoms of prevalent sensory neuropathy in
32% of cases [13].

In the majority of the analyzed studies, the improvement of HCV-
related CV with nephropathy became evident at the end of DAA therapy
or, during follow-up in 46/95 (48%) cases (Table 1, Fig. 1). This data is
relevant since renal involvement in CV is associated with poor prog-
nosis [50]. The patients affected by CV with nephropathy treated with
DAA, but without clinical response, were treated during follow-up with
RTX or apheresis, achieving immunological and kidney function im-
provement [33,35,51]. Rituximab is currently the first-line im-
munosoppressive agent for HCV-related glomerulonephritis [52].
The failure of the DAAs treatment on the B lymphocyte alterations

induced by HCV is even more evident in the observations of the he-
matological responses. In fact, among patients with an overt indolent
NHL B-cells, a complete or partial hematological response was observed
in these studies at the end DAA therapy or at follow-up in 5/22 (23%) of
patients (Table 1). However, in one center among patients with NHL,10
showed a complete clinical response and 2 patients showed a partial
response of cryoglobulinemia manifestation [28]. A fraction of these
patients required conventional chemotherapy or monotherapy with
anti-CD20 antibodies some months after the antiviral treatment for
progressive disease [28,33]. Even most cases with clonal B-cells in
peripheral blood without overt lymphoma did not show a dis-
appearance of neoplastic cells from peripheral blood [27]. These find-
ings pose the question about a relationship between HCV and NHL. In
fact, previous studies had observed the efficacy of antiviral treatment
with IFN-based regimens in HCV-related B-cell NHL [53–55]. There-
fore, it has been demonstrated that HCV-positive lympho-proliferative
diseases are associated with HCV replications and that the viral eradi-
cation is associated with the disappearing of the clonal B cells. It is
likely that the previous satisfactory results on HCV-positive NHL were
more correlated to the anti-proliferative activity of alfa-IFN than to its
antiviral properties. Alfa-IFN, given its powerful anti-proliferative ac-
tivities, has been used for decades in treatment of several chronic
lymphoproliferative syndromes such as myeloma. A review of clinical
studies on alfa-IFN in the management of multiple myeloma [56], hairy
cell leukemia [57], indolent NHL [58], chronic lymphocytic leukemia
[59,60], and it continues to be proposed for treatment of primary
thrombocythemia [61]. Alfa-IFN, together with the clearance of HCV-
RNA, could counteract the clonal expansion of B-lymphocytes and the
cryoglobulin production. The DAAs are able to eliminate viral replica-
tion very efficiently; nevertheless, they have less efficient anti-pro-
liferative properties and are less able to prevent B-cell monoclonal
proliferation and cryoglobulins production. These observations are also
in contrast with the theory of the pathogenesis of the HCV-NHL, always
thought as driven by the chronic antigen stimulation [62,63], although
the possibility of other mechanisms can be supposed.
Arcaini et al. [64] described the efficacy of the DAAs therapy in a

significant number of indolent NHL patients. In this study, the
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hematological responses were not satisfactory, since only a small frac-
tion of cases (21%) obtained complete NHL remission, while most
cases, after a partial remission, relapsed or had a disease progression
and they had to be treated with immunotherapy and chemotherapy.
Our previous paper [12], as well as other authors [65], has shown that
IFN-based treatments were efficient in HCV-positive indolent NHL. In
those cases, the anti-proliferative feature of alfa-IFN had a possibility in
the cure of lympho-proliferative diseases, rather than its antiviral
properties. It has been reported that RTX can be effective in various
clinical manifestations of CV, including purpura, skin ulcers, ar-
thralgias, glomerulonephritis, and peripheral neuropathy, in addition to
inducing a complete hematological response in a large fraction of low-
tumor-burden follicular lymphoma [66–68] (Table 1).

3. Conclusion

The studies included in this review demonstrated that IFN-free
DAAs therapy in HCV-CV reported high virological responses, while
immunological and clinical responses were less satisfactory. On the
contrary, the nephropathy and lympho-proliferative disorders altera-
tions induced by HCV seemed to respond poorly to DAAs, and most
cases needed immunotherapy or chemotherapy. In case of a lack of
clinical response, more often in severe CV (in case of nephropathy
progressive or peripheral neuropathy motor progressive or NHL non
responder a DAAs) a second line treatment with RTX might be used. In
HCV related CV, the main clinical goal must be early eradication of
HCV, to avoid organ complication and manifestation of lympho-pro-
liferative disease.
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