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ABSTRACT

Background. The cost-effectiveness of hepatitis C virus (HCV) direct-acting antivirals

(DAA) in patients with cryoglobulinemia vasculitis (CryoVas) is unknown.

Objective. To analyze the effectiveness and cost of all treatments used for HCV-CryoVas in

the DAA versus the pre-DAA eras.

Methods. A chart review of all HCV-CryoVas patients who received antivirals from 1993 to
2016 in a tertiary center was performed. Treatment effectiveness was analyzed for clinical,
immunological and virological responses. Cost analyses included anti-HCV treatments, non-
antiviral drugs, plasmapheresis, dialysis and hospitalizations. We compared the clinical and

cost outcomes from the pre-DAA to the DAA period.

Results. 201 HCV-CryoVas patients were included (women 53.2%; mean age 59.2 years;
Metavir score F3-F4 36.7%; genotype 1 64.2%). Patients in the DAA era (n=27) compared to
those in the pre-DAA era (n=174) showed higher rates of clinical (96.3% vs. 78.6%),
immunological (89.5% vs. 77.1%) and sustained virological response (75.0% vs. 42.8%). The
death rate was 14.8% vs. 24.4%, respectively. In the DAA compared to pre-DAA era, the
mean cost of anti-HCV drugs increased from €11,855 to €57,632, while the mean CryoVas-
related costs decreased for both hospitalizations (from €33,510 to €21,347) and non-antiviral

treatments (from €17,347 to €11,397).

Conclusion. Improved antiviral efficacy of HCV drugs in the DAA era led to increased
clinical and immunological effectiveness and a lower death rate. The use of DAAs was
associated with higher costs for HCV drugs, while costs related to both hospitalizations and

non-antiviral treatments decreased.
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Key points

e In patients with HCV-related cryoglobulinemia vasculitis, improved antiviral efficacy
of HCV drugs in the direct-acting antiviral era led to increased clinical and

immunological effectiveness, a better tolerability profile and a lower death rate.

e Use of direct-acting antivirals was associated with higher costs for HCV drugs, while

costs related to both hospitalizations and non-antiviral treatments decreased.

e Recently launched direct-acting antivirals have decreased treatment durations,
increased sustained virological response rates for patients with all genotypes and
markedly reduced prices; therefore, curing patients with HCV-related

cryoglobulinemia vasculitis will soon undoubtedly be a cost-saving intervention.
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Hepatitis C virus (HCV) is a global health care challenge, with approximately 80 million
people chronically infected (1). These patients are at risk of developing major liver
complications, i.e. cirrhosis and liver cancer, with an estimated liver-related mortality of
350,000 people/year. In addition, up to two-thirds of HCV-infected patients in large cohort
studies experienced extrahepatic manifestations (2). The latter include HCV-related
autoimmune and/or lymphoproliferative disorders (from mixed cryoglobulinemia to
lymphoma), and many other non-liver disorders, i.e. cardiovascular, renal, metabolic and
central nervous system diseases. Patients with HCV infection also showed a higher mortality
rate for extra-hepatic complications, while viral eradication significantly reduced the rate of
extra-hepatic deaths.

Mixed cryoglobulinemia vasculitis (CryoVas) is a systemic vasculitis that mainly
affects small-size wvessels. It reflects B-cell activation that generates pathogenic
immunoglobulin (Ig) M and IgG with rheumatoid factor activity (2-5). The most frequent
target organs are the skin, joints, kidneys and peripheral nervous system. The expression of
the disease varies from mild symptoms to more severe manifestations, such as
glomerulonephritis or widespread vasculitis (6). Interestingly, circulating mixed cryoglobulins
are detected in 40% to 60% of chronically infected HCV patients, while overt CryoVas is
observed in only 10%-15% of cases (7). The discovery of HCV as the etiologic agent for most
cases of CryoVas provided the opportunity to control the disease manifestations with antiviral
therapy, as the underlying infection drives immune complex formation and resultant
vasculitis. Despite initial successes with interferon alpha (IFN)-based antiviral treatment, with
or without immunosuppressive drugs, HCV-CryoVas remains a serious disease, with a 5-year

mortality rate of 25% (8). Major therapeutic concerns include the numerous side effects of
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IFN-based antivirals (including autoimmune reactions) and the potential adverse effects of

immunosuppressants and glucocorticosteroids on an underlying chronic viral infection.

Major therapeutic advances have recently been made in the treatment of HCV
infection, with the possibility of eradicating HCV using new direct-acting antiviral therapies
(DAA), which is of major importance for liver and non-liver manifestations of the disease. A
sustained virological response at twelve weeks after treatment (SVR12, i.e. HCV cure) is now
obtained in more than 90% of cases, with low side effect rates (<10%) compared to IFN-
based regimens (22%—65%) (9,10). In small cohorts of patients with HCV-CryoVas and with
a short-follow-up, DAAs have shown high rates of SVR and vasculitis remission using IFN-
based (11,12) or IFN-free combinations (13). In this population, however, there is no
published data from large cohorts of patients that compares the effectiveness and cost of

treatments used in the pre-DAA era to those used in the DAA era.

The objective of the present study was to analyze the effectiveness (clinical,
virological and immunological) and the total costs of treatment (antiviral and non-antiviral
drugs, hospitalizations) used in the management of HCV-CryoVas patients, and to compare

the clinical and economic outcomes for patients in the pre-DAA versus the DAA era.
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PATIENTS AND METHODS

Patient selection

This is a retrospective study performed in a tertiary French center. A chart review was
of patients with HCV-CryoVas seen between January 1993 and January 2016 in the
Department of Internal Medicine and Clinical Immunology of La Pitié-Salpétriere Hospital,
Paris, France, was performed. To be eligible, the patient had to be at least 18 years of age o,
and present with HCV-CryoVas, defined by clinically active vasculitis with skin, joint, renal,
peripheral nerve, central neurological, digestive, pulmonary and/or cardiac involvement (no
histological evidence needed if patient had purpura), and chronic active HCV infection
(positive HCV viremia). If no cryoglobulinemia was detectable, patients were included if they
presented with a typical small-size vessel vasculitis and no evidence for a differential
diagnosis such as medium- and small-size vessel vasculitis [granulomatosis with polyangiitis,
microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis, polyarteritis nodosa,
IgA vasculitis, hypersensitivity vasculitis, infectious vasculitis unrelated to HCV,
hypocomplementemic urticarial vasculitis]. All patients met the international validated criteria
for CryoVas (14,15). For the purpose of the present study, only patients who received HCV
treatments were included. The exclusion criteria were medium- and small-size vessel
vasculitis unrelated to cryoglobulinemia, or patients with human immunodeficiency virus or

active hepatitis B virus infection.

The clinical evaluation included age, gender, recent weight loss, neurologic
involvement (peripheral and/or central nervous system), cutaneous involvement (Raynaud’s
phenomenon, purpura, distal ulcers, skin necrosis), arthralgia/arthritis, myalgia,
gastrointestinal tract involvement, renal involvement (proteinuria, hematuria and glomerular

filtration rate [GFR]), and clinical signs of hepatic involvement. The diagnosis of non-
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Hodgkin's lymphoma was based on the World Health Organization (WHO) criteria (16). HCV
genotyping was performed by NS5B gene sequencing according to the previously validated
consensual method (17). Laboratory evaluation included a complete blood count, serum
chemistry profile, alanine aminotransferase (ALT), rheumatoid factor activity, IgM level, C4
fraction of complement and cryoglobulin. Cryoglobulins were measured as previously
described (18). Cryoglobulins were classified according to the method described by Brouet et
al. as either type 1l mixed cryoglobulin, which includes a monoclonal component, or type IlI
mixed cryoglobulin, defined by the association of polyclonal immunoglobulins (19). The
estimation of GFR was determined by modification of diet in renal disease (MDRD) study
equations. Urine collection was also performed in order to quantify protein excretion. Kidney
involvement was defined as the presence of at least two of the following parameters at
diagnosis: GFR < 60 ml/min/1.73 m?, increase in daily proteinuria > 0.3g and/or hematuria.
Liver fibrosis was evaluated by liver biopsy and/or non-invasive tests according to the
previously validated Metavir scoring system (20). All evaluations except the liver fibrosis

evaluation were done at the beginning and at the end of each antiviral therapeutic sequence.
Characteristics of study population

A total of 201 patients with HCV-CryoVas met the criteria for the present study; 53.2% were
women, and the mean age at CryoVas diagnosis was 59.2 years (Table 1). The Metavir score
showed severe liver fibrosis (F3-F4) in 36.7% of patients. The main HCV genotypes were 1
(64.2%), 2 (11.9%) and 4 (10.9%). The most frequent manifestations of CryoVas were
purpura (68.7%), polyneuropathy (53.2%), arthralgia (50.2%), glomerulonephritis (28.5%)
and sicca syndrome (10.4%). The systemic nature of the vasculitis was reflected by the fact
that the mean number of CryoVas manifestations was 4.9 per patient. Testing for
cryoglobulinemia was positive in 92.0% of patients. The mean mixed cryoglobulinemia level

was 1.2 g/L; it was an IgM « in 71.5%. Twenty-seven (13.4%) patients presented with
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malignant blood disorders during follow-up, including twenty cases of low-grade B cell

lymphoma.
Definition of effectiveness endpoints
All endpoints were analyzed at the end of each new antiviral therapeutic sequence.

A complete clinical CryoVas response was defined as the remission of all the affected organs
involved at baseline, and the absence of clinical relapse. The skin and articular remissions
were evaluated clinically (i.e. disappearance of purpura and/or ulcers and/or skin necrosis;
disappearance of arthralgia and/or arthritis). Renal remission was evaluated biologically (i.e.
proteinuria < 0.3g/d, disappearance of hematuria and improvement of GFR > 20% if GFR <
60 ml/min/1.73 m? at baseline). Peripheral neurological remission was evaluated clinically
(i.e. improvement of pain and paresthesia per visual analogue scales, improvement of
muscular testing in case of motor impairment at baseline) and/or electrophysiologically (i.e.
improvement of electromyogram abnormalities compared to baseline). Patients defined as
partial responders had an improvement in at least half of the organs involved at baseline.

Patients with no clinical response were defined as treatment failure.

A sustained virological response (SVR) was defined as the absence of detectable
serum HCV RNA 12 or 24 weeks after the end of antiviral therapy (according to the treatment
era), with no reappearance during follow-up. The remaining patients were classified as
virological non-responders.

A complete immunological response was defined as the absence of detectable serum
cryoglobulin. A partial immunological response was defined as a decrease in the serum
cryoglobulin level of at least 50%. All other patients were considered as non-immunological
responders.

For patients who died, we recorded the cause(s) of death and the period of the antiviral

treatment sequence.
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Data collected for direct cost analyses

Medical costs were assessed from the perspective of the French national healthcare
insurance. All medical resources used for each patient were documented in patient charts for
each antiviral therapeutic sequence. These include data on antiviral treatments for HCV
infection (IFN, Pegylated [Peg] IFN, ribavirin, boceprevir, telaprevir, sofosbuvir, daclatasvir,
and simeprevir), non-antiviral treatments (erythropoietin, red blood cell transfusion,
glucocorticosteroids, rituximab, plasmapheresis, and immunosuppressants), dialysis (acute or
chronic) and hospitalizations (standard, intensive care unit, and rehabilitation care). Standard

prices in euros (€) were applied to resources (2015 prices).
Statistical analysis

Patients were first divided into four groups based on medical history, or in other
words, according to the first HCV therapeutic sequence received, i.e. (i) IFN plus ribavirin,
(i) PeglFN plus ribavirin, (iii) PeglFN/ribavirin plus boceprevir or telaprevir, or (iv) IFN-free
DAA combinations (including sofosbuvir, daclatasvir, or simeprevir, with or without
ribavirin). In order to maintain sufficient power in the statistical analysis, we then analyzed

the study outcomes in the pre-DAA group versus the DAA group.

Statistical comparisons were performed by using the Student’s t-test or Wilcoxon test
for quantitative data, and the Chi-square test or Fisher’s exact test for qualitative data. All
statistical tests were two-tailed with a significance level of 0.05. The SAS software program,

version 9.3 (SAS Institute, Cary, NC) was used for statistical analyses.

The study was performed in accordance with the Declaration of Helsinki.
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RESULTS

Characteristics of the study population according to antivirals

A total of 201 patients with HCV-CryoVas were classified according to the first HCV
treatment received, i.e. IFN plus ribavirin (n=60), PeglFN plus ribavirin (n=114),
PeglFN/ribavirin plus boceprevir or telaprevir (n=11), or IFN-free DAAs (n=16) (Table 2).
The mean (SD) follow-up duration of these four groups was 88 (69), 56 (44), 17 (14) and 18
(11) months, respectively. Overall, 174 patients were treated during the pre-DAA era, and 27
during the DAA era. Of note, some patients who failed their treatment during the pre-DAA
era also received DAAs; effectiveness and total costs were considered only for the pre-DAA
era in those patients. The main characteristics of patients in the pre-DAA and DAA groups are
detailed in Table 1. There was no significant difference between the groups except that
patients in the DAA group had more frequent skin necrosis/ulcers and Raynaud’s
phenomenon, and (as expected) a shorter follow-up duration. Table 3 summarizes all other
medical treatments used for HCV-CryoVas patients, including non-antiviral drugs
(erythropoietin, red blood cell transfusion, corticosteroids, rituximab  and

immunosuppressants), plasmapheresis, hemodialysis and hospitalizations.

After a mean follow-up of 61 months, 46 (23.1%) patients had died. The main causes
of death (sometimes multiple causes) were sepsis (13 patients; 28.2%), hepatocellular
carcinoma (9; 19.6%), cardiovascular (7; 15.2%), lymphoma (5, 10.9%), other cancers (4;
8.7%) and miscellaneous (9; 19.6%). When we compared the causes of death between the pre-
DAA (n=42 out of 174 patients, 24.1%) and the DAA (n=4 out of 27 patients, 14.8%) groups,
we found that more patients in the pre-DAA than the DAA era died from: sepsis (12 vs. 1),
hepatocellular carcinoma (7 vs. 2), lymphoma (3 vs. 2), cardiovascular (7 vs. 0), other cancers

(4 vs. 0), and miscellaneous (9 vs. 0), respectively.
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Effectiveness of treatments

The clinical, virological and immunological responses of HCV-CryoVas patients to
treatments according to the two groups (pre-DAA and DAA eras) are summarized in Table 4.
A partial/complete clinical response of CryoVas was more frequent in patients treated during
the DAA era compared with the pre-DAA era (96.3% vs. 78.6%) (Figure 1). Improved results
during the DAA era were also observed for SVR (75.0% vs. 42.8%). For a partial/complete
immunological response, there was a trend in favor of the DAA era (89.5% vs. 77.1%). The

death rate was lower in the DAA vs. the pre-DAA group: 14.8% vs. 24.4%, respectively.
Costs of medical treatment for HCV-CryoVas

The mean total cost per patient for antivirals rose from €11,855 in the pre-DAA group
to €57,632 in the DAA group (Table 5). Conversely, there was a decrease in the mean total
CryoVas-related cost per patient from the pre-DAA era to the DAA era for both non-antiviral

treatments (from €17,347 to €11,397) and hospitalizations (from €33,510 to €21,347).
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DISCUSSION

The recent development of DAAs has dramatically improved the efficacy and
tolerability of HCV treatments. Nevertheless, the prices of DAAs are controversial, and in
many countries DAAs are only given to patients with advanced liver fibrosis or cirrhosis.
Patients with clinically significant extra-hepatic manifestations of HCV, such as CryoVas,
which can be life-threatening, should be prioritized for access to DAAs as recommended by
the European Association for the Study of the Liver (22). This study is the first, to our
knowledge, to assess the effectiveness and the economic impact of treatments used for HCV-
CryoVas patients, both in the pre-DAA and DAA eras. After a systematic chart review of all
patients who had received anti-HCV treatment for HCV-CryoVas in our center over the last
two decades, we found that, compared with the pre-DAA era, the DAA era was associated
with 1) higher clinical, immunological and virological effectiveness, and a lower death rate;
2) higher total costs per patient for HCV drugs; and, 3) lower per patient costs related to

hospitalizations and non-antiviral treatments.

Treatment with DAA showed higher clinical, immunological, and virological

effectiveness in HCV-CryoVas patients

Most HCV-CryoVas manifestations have been shown to respond, at least partially, to
viral clearance during antiviral therapy. Patients who relapse with HCV infection after
responding to antiviral therapy usually manifest CryoVas symptoms with the return of
viremia (23). Despite virological success with combination antiviral treatment, until recently
HCV-CryoVas remained a serious disease, with reported 1-year, 3-year, 5-year and 10-year
survival rates of 96%, 86%, 75% and 63%, respectively (8). The cornerstone of HCV-
CryoVas therapy has long been IFN. However, its overall tolerability is poor, and some

CryoVas manifestations may worsen, such as peripheral neuropathy or skin ulcers (24).
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Assessments of both the efficacy and safety of DAAs, whether IFN-free or not, in patients
with HCV-CryoVas have been performed in a limited number of clinical trials. The first use
of DAA (Peg-IFN/ribavirin plus boceprevir or telaprevir) in HCV genotype 1 CryoVas
patients showed a complete clinical response in 56.5% of patients (11,12). However, grade 3
or 4 adverse events were observed in up to 43.5% of patients, and antiviral therapy
discontinuation was required in one-third (11). Over the last two years, all types oral IFN-free
DAA regimens have been used in HCV-CryoVas, which has allowed for the avoidance of IFN
and its potential to exacerbate autoimmune disease. In the VASCUVALDIC study, twenty-
four patients (56 years, 54% males, 50% cirrhotic) received sofosbuvir plus ribavirin for
twenty-four weeks, and seven patients also received immunosuppressive therapy (13). A
complete clinical response was reported in 87.5% of patients, and 74% had an SVR12. The
cryoglobulin level decreased from 0.35 to 0.15 g/L. Two (8%) patients had serious adverse
events. Sise et al. reported a retrospective case series of twelve HCV-CryoVas patients treated
with sofosbuvir-based regimens (61 years, 58% males, 50% cirrhotic), including four patients
who received rituximab (25). SVR12 was achieved in 83% of patients, and cryoglobulin
levels decreased in 89%. Two (17%) patients experienced serious adverse events. Sofosbuvir
based IFN-free DAA therapy was given to a cohort of forty-four Italian HCV-CryoVas
patients (65 years, 64% females, 39% cirrhotic) (26). All patients showed an SVR post-
treatment, and all had a CryoVas clinical response. The cryocrit fell from 7.2% to 1.8%. A
small case series reported on five HCV-CryoVas patients who received twenty-four weeks of
PeglFN/ribavirin plus DAA (boceprevir, telaprevir or sofosbuvir) with good effects on

CryoVas manifestations but no rapid clearance of serum cryoglobulins (27).

Despite the evidence of a viral etiology and the role of effective antivirals,
immunosuppression is still regarded as a major treatment option in HCV-CryoVas. In case of

severe CryoVas manifestations or in patients with failure or contraindications to antivirals,
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rituximab has shown better efficacy than conventional immunosuppressive treatments (i.e.,
glucocorticoids, azathioprine, cyclophosphamide or plasmapheresis) or placebo (28,29). In
HCV-CryoVas patients, the addition of rituximab to Peg-IFN/ribavirin led to a shorter time to
clinical remission, better renal response rate and higher rates of cryoglobulin clearance
(30,31). The overall tolerability of rituximab was good, although flares of HCV-CryoVas
have been reported shortly after rituximab infusion in some patients (32). Interestingly, in the
present study, patients in the DAA era received steroids, rituximab and immunosuppressants
less frequently, while they showed higher rates of partial/complete clinical response of
CryoVas and lower death rates. This underlines the major role played by rapid and powerful
anti-HCV treatment in controlling most HCV-CryoVas manifestations. Taking into account
the very rapid antiviral efficacy of IFN-free DAAs and their favorable tolerability profile, the

exact role of rituximab remains in the treatment of HCV-CryoVas to be defined.

Treatment of HCV-CryoVas patients with DAAs were associated with higher costs for

HCV drugs and lower costs related to hospitalizations and non-antiviral treatments.

The total cost of medical care in France in 2014 was estimated at 191 billion euros, or
8.9% of the gross domestic product (33). Previous studies evaluating the economic impact of
DAA treatment in France have only considered hepatic complications of chronic HCV
infection, i.e. fibrosis, cirrhosis and hepatocellular carcinoma. The cost of extra-hepatic
manifestations related to HCV was evaluated to be 1,506,000 dollars in the United States in
2014. The main annual costs were related to diabetes mellitus (443 million), depressive
symptoms (197 million) and CryoVas (120 million) (34). Only one small study tried to
evaluate the cost and effectiveness of non-antiviral treatments used in HCV-CryoVas patients.
Visentini et al. reported on a retrospective chart review of thirty patients with HCV-CryoVas,
including eight severe and twenty-seven mild/moderate forms of vasculitis, who were

ineligible, intolerant or non-responders to IFN-based treatment (35). None received DAAs.
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All 8 patients with severe vasculitis received rituximab, plasma exchange or both. The clinical
response was transient in 6 patients and sustained in only 1 patient. Two patients died after a
transient response. Costs for hospitalizations and treatment related to Cryovas complications
were estimated from 28,648 to 81,153 US dollars. However, these costs did not include those

of antiviral therapy (35).

DAA regimens used in the present study were very expensive; however, between the
first generation protease inhibitor-based treatments (which no longer represent the standard of
care) and the more recent sofosbuvir-based combinations, DAA prices decreased
significantly. Prices for sofosbuvir-based combinations in 2016 were markedly lower
compared to earlier regimens, especially in the context of shorter durations of antivirals. We
can therefore anticipate that in the near future, with lower prices and/or shorter durations of
DAA:s, the net benefit of antivirals in HCV-CryoVas patients will increase even further. The
cost of medical care for other small-size vessel vasculitis conditions, such as granulomatosis
with polyangiitis, have been estimated to be between 24,000 and 61,000 US dollars per year
(36), which is lower than our estimation of the cost of medical care for HCV-CryoVas.
However, in granulomatosis with polyangiitis, immunosuppressant therapy is given for many
years due to the high risk of relapse, whereas in HCV-Cryovas effective antiviral therapy can

cure the viral disease, and the CryoVas as well.

We acknowledge some limitations to this study. Patients were treated in a unique
specialized center, and our analysis could therefore reflect management and practices that are
not completely generalizable to other centers. The population of patients or their recruitment
might have evolved over time. For this reason, we did not perform formal comparisons
between the pre-DAA and DAA eras, and the statistical tests were only indicative.
Nevertheless, we did not observe differences between patient characteristics in the pre-DAA

and DAA groups that could have a significant impact on efficacy. Due to the relatively low
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number of patients treated with DAAS, such treatment could be only considered as a class
effect, and no specific analysis was performed for individual regimens. Lastly, some patients
from the pre-DAA era required retreatment with DAAs. The total treatment costs of DAAs
administered to patients who failed pre-DAA treatments were similar to the total treatment

costs of patients in the DAA era.

In summary, in this large cohort of patients with HCV-CryoVas, the improved
antiviral efficacy of HCV drugs in the DAA era led to increased clinical and immunological
effectiveness with a lower death rate. Use of DAAS was associated with higher costs for HCV
drugs, while total CryoVas-related costs related to both hospitalizations and non-antiviral
treatments decreased. Since this analysis was performed, DAA treatment durations have
decreased, DAA regimens have evolved to treat patients beyond only genotype 1, sustained
virological response rates have increased, and prices have markedly decreased. With these
factors taken into account, curing this patient population will soon likely become a cost-

saving intervention.

17/29



References

10.

11.

12.

13.

14.

OMS | Hépatite C [Internet]. WHO. Available:
http://www.who.int/mediacentre/factsheets/fs164/fr/

Cacoub P, Poynard T, Ghillani P, Charlotte F, Olivi M, Piette JC, et al.
Extrahepatic manifestations of chronic hepatitis C. MULTIVIRC Group.
Multidepartment Virus C. Arthritis Rheum. 1999 Oct;42(10):2204-12

Cacoub P, Comarmond C, Domont F, Savey L, Desbois AC, Saadoun D. Extrahepatic
manifestations of chronic hepatitis C virus infection. Ther Adv Infect Dis. févr
2016;3(1):3- 14.

Charles ED, Dustin LB. Hepatitis C virus-induced cryoglobulinemia. Kidney Int. oct
2009;76(8):818- 24.

Dammacco F, Racanelli V, Russi S, Sansonno D. The expanding spectrum of HCV-
related cryoglobulinemic vasculitis: a narrative review. Clin Exp Med. ao(t
2016;16(3):233- 42.

Cacoub P, Comarmond C, Domont F, Savey L, Saadoun D. Cryoglobulinemia
Vasculitis. Am J Med. sept 2015;128(9):950- 5.

Dammacco F, Sansonno D. Therapy for hepatitis C virus-related cryoglobulinemic
vasculitis. N Engl J Med. 12 sept 2013;369(11):1035- 45.

Terrier B, Semoun O, Saadoun D, Sene D, Resche-Rigon M, Cacoub P. Prognostic
factors in patients with hepatitis C virus infection and systemic vasculitis. Arthritis
Rheum. juin 2011;63(6):1748- 57.

Webster DP, Klenerman P, Dusheiko GM. Hepatitis C. Lancet. 2015 Mar
21;385(9973):1124-35.

Ward JW, Mermin JH. Simple, Effective, but Out of Reach? Public Health Implications
of HCV Drugs. N Engl J Med. 2015 Dec 31;373(27):2678-80.

Saadoun D, Resche Rigon M, Pol S, Thibault V, Blanc F, Pialoux G, et al.
PeglFNo/ribavirin/protease inhibitor combination in severe hepatitis C virus-associated
mixed cryoglobulinemia vasculitis. J Hepatol. janv 2015;62(1):24- 30.

Gragnani L, Fabbrizzi A, Triboli E, Urraro T, Boldrini B, Fognani E, et al. Triple
antiviral therapy in hepatitis C virus infection with or without mixed cryoglobulinaemia:
a prospective, controlled pilot study. Dig Liver Dis. sept 2014;46(9):833- 7.

Saadoun D, Thibault V, Si Ahmed SN, Alric L, Mallet M, Guillaud C, et al. Sofosbuvir
plus ribavirin for hepatitis C virus-associated cryoglobulinaemia vasculitis:
VASCUVALDIC study. Ann Rheum Dis. oct 2016;75(10):1777- 82.

De Vita S, Soldano F, Isola M, Monti G, Gabrielli A, Tzioufas A, et al. Preliminary
classification criteria for the cryoglobulinaemic vasculitis. Ann Rheum
Dis. 2011 Jul;70(7):1183-90.

18/29


https://www.ncbi.nlm.nih.gov/pubmed/10524695
https://www.ncbi.nlm.nih.gov/pubmed/10524695
https://www.ncbi.nlm.nih.gov/pubmed/25687730
https://www.ncbi.nlm.nih.gov/pubmed/26575359
https://www.ncbi.nlm.nih.gov/pubmed/26575359
https://www.ncbi.nlm.nih.gov/pubmed/21571735
https://www.ncbi.nlm.nih.gov/pubmed/21571735

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Quartuccio L, Isola M, Corazza L, Ramos-Casals M, Retamozo S, Ragab GM et al.
Validation of the classification criteria for cryoglobulinaemic vasculitis. Rheumatology
(Oxford). 2014 Dec;53(12):2209-13.

Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe ES. The 2008 WHO
classification of lymphoid neoplasms and beyond: evolving concepts and practical
applications. Blood. 12 mai 2011;117(19):5019- 32.

Laperche S, Saune K, Dény P, Duverlie G, Alain S, Chaix M-L, et al. Unique NS5b
hepatitis C virus gene sequence consensus database is essential for standardization of
genotype determinations in multicenter epidemiological studies. J Clin Microbiol. févr
2006;44(2):614- 6.

Musset L, Diemert MC, Taibi F, Thi Huong Du L, Cacoub P, Leger JM, et al.
Characterization of cryoglobulins by immunoblotting. Clin Chem. juin
1992;38(6):798- 802.

Brouet JC, Clauvel JP, Danon F, Klein M, Seligmann M. Biologic and clinical
significance of cryoglobulins. A report of 86 cases. Am J Med. nov 1974;57(5):775- 88.

Intraobserver and interobserver variations in liver biopsy interpretation in patients with
chronic hepatitis C. The French METAVIR Cooperative Study Group. Hepatol Baltim
Md. juill 1994;20(1 Pt 1):15- 20.

Gragnani L, Visentini M, Fognani E, Urraro T, De Santis A, Petraccia L, et al.
Prospective study of guideline-tailored therapy with direct-acting antivirals for hepatitis
C virus-associated mixed cryoglobulinemia. Hepatol Baltim Md. nov
2016;64(5):1473- 82.

European Association for Study of Liver. EASL Recommendations on Treatment of
Hepatitis C 2015. J Hepatol. juill 2015;63(1):199- 236.

Misiani R, Bellavita P, Fenili D, Vicari O, Marchesi D, Sironi PL, et al. Interferon alfa-
2a therapy in cryoglobulinemia associated with hepatitis C virus. N Engl J Med. 17 mars
1994;330(11):751- 6.

Saadoun D, Resche-Rigon M, Thibault V, Piette J-C, Cacoub P. Antiviral therapy for
hepatitis C virus--associated mixed cryoglobulinemia vasculitis: a long-term followup
study. Arthritis Rheum. nov 2006;54(11):3696- 706.

Sise ME, Bloom AK, Wisocky J, Lin MV, Gustafson JL, Lundquist AL, et al. Treatment
of hepatitis C virus-associated mixed cryoglobulinemia with direct-acting antiviral
agents. Hepatol Baltim Md. févr 2016;63(2):408- 17.

Gragnani L, Fognani E, Piluso A, Boldrini B, Urraro T, Fabbrizzi A, et al. Long-term
effect of HCV eradication in patients with mixed cryoglobulinemia: a prospective,
controlled, open-label, cohort study. Hepatol Baltim Md. avr 2015;61(4):1145- 53.

Cornella SL, Stine JG, Kelly V, Caldwell SH, Shah NL. Persistence of mixed

cryoglobulinemia despite cure of hepatitis C with new oral antiviral therapy including
direct-acting antiviral sofosbuvir: A case series. Postgrad Med. mai 2015;127(4):413- 7.

19/29


https://www.ncbi.nlm.nih.gov/pubmed/24994905

28.

29.

30.

31.

32.

33.

34.

35.

36.

De Vita S, Quartuccio L, Isola M, Mazzaro C, Scaini P, Lenzi M, et al. A randomized
controlled trial of rituximab for the treatment of severe cryoglobulinemic vasculitis.
Arthritis Rheum. mars 2012;64(3):843- 53.

Sneller MC, Hu Z, Langford CA. A randomized controlled trial of rituximab following
failure of antiviral therapy for hepatitis C virus-associated cryoglobulinemic vasculitis.
Arthritis Rheum. mars 2012;64(3):835- 42.

Saadoun D, Resche Rigon M, Sene D, Terrier B, Karras A, Perard L, et al. Rituximab
plus Peg-interferon-alpha/ribavirin compared with Peg-interferon-alpha/ribavirin in
hepatitis C-related mixed cryoglobulinemia. Blood. 22 juill 2010;116(3):326-334-505.

Dammacco F, Tucci FA, Lauletta G, Gatti P, De Re V, Conteduca V, et al. Pegylated
interferon-alpha, ribavirin, and rituximab combined therapy of hepatitis C virus-related
mixed cryoglobulinemia: a long-term study. Blood. 22 juill 2010;116(3):343- 53.

Sene D, Ghillani-Dalbin P, Amoura Z, Musset L, Cacoub P. Rituximab may form a
complex with IgMkappa mixed cryoglobulin and induce severe systemic reactions in
patients with hepatitis C virus-induced vasculitis. Arthritis Rheum. déc
2009;60(12):3848- 55.

Les dépenses de santé en 2014 - Résultats des Comptes de la santé - Comptes nationaux
de la santé - Ministere des Affaires sociales et de la Santé [Internet]. [cité 23 ao(t 2016].
Available at: http://drees.social-sante.gouv.fr/etudes-et-statistiques/publications/recueils-
ouvrages-et-rapports/recueils-annuels/comptes-nationaux-de-la-sante/article/les-
depenses-de-sante-en-2014-resultats-des-comptes-de-la-sante

Younossi Z, Park H, Henry L, Adeyemi A, Stepanova M. Extrahepatic Manifestations of
Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden.
Gastroenterology. juin 2016;150(7):1599- 608.

Visentini M, Colantuono S, Granata G, de Santis A, Fiorilli M, Casato M. The case for
cost-effectively treating cryoglobulinemic vasculitis with interferon-free anti-hepatitis C
virus therapy. Hepatol Baltim Md. sept 2015;62(3):975.

Raimundo K, Farr AM, Kim G, Duna G. Clinical and Economic Burden of

Antineutrophil Cytoplasmic Antibody-associated Vasculitis in the United States. J
Rheumatol. déc 2015;42(12):2383- 91.

20/29



Acknowledgements

We thank all patients and all physicians involved in the care of the patients. We also thank

Mariane Doz and Bastien Peiffer for their input in statistical analyses.

21/29



Table 1. Characteristics of patients with HCV-mixed cryoglobulinemia vasculitis according

to HCV treatment era (i.e. pre- or post-direct-acting antivirals [DAA]).

No. of patients

Female gender

Age at first vasculitis signs

Liver fibrosis score, Metavir
0

1
2
3
4
ND

HCV genotype
1

2
3
4
5
ND

Arthralgia/arthritis

Myalgia

Neuropathy

Polyneuropathy

Mono neuropathy multiplex

CNS vasculitis

Purpura

Skin necrosis/ulcers

Livedo

Raynaud’s phenomenon

Sicca syndrome

Kidney involvement

Hypertension

Gl involvement

Heart involvement

Total
201
107 (53.2%)
59.2 (12.6)

19 (10.1%)

43 (22.9%)

57 (30.3%)

30 (16.0%)

39 (20.7%)
13

124 (62.2%)
23 (11.9%)
17 (8.8%)
21 (10.9%)
8 (4.1%)
8
101 (50.2%)
29 (14.4%)
135 (67.2%)
107 (53.2%)
29 (14.4%)
20 (10.0%)
138 (68.7%)
14 (7.0%)
10 (5.0%)
6 (3.0%)
21 (10.4%)
66 (32.8%)
56 (27.9%)
22 (10.9%)
8 (4.0%)

Pre-DAA era
174
95 (54.6%)
57.1(12.9)

16 (9.9%)
40 (24.8%)
46 (28.6%)
27 (16.8%)
32 (19.9%)

13

106 (63.9%)
22 (13.3%)
16 (9.6%)
16 (9.6%)
6 (3.6%)
8
92 (52.9%)
26 (14.9%)
119 (68.4%)
94 (54.0%)
26 (14.9%)
17 (9.8%)
122 (70.1%)
9 (5.2%)
9 (5.2%)
2 (1.1%)
20 (11.5%)
59 (33.9%)
51 (29.3%)
16 (9.2%)
7 (4.0%)
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DAA era
27

12 (44.4%)

59.7 (11.0)

3 (11.1%)
3 (11.1%)
11 (40.7%)
3 (11.1%)
7 (25.9%)

18 (66.7%)
1(3.7%)
1(3.7%)
5 (18.5%)
2 (7.4%)
9 (33.3%)
3 (11.1%)
16 (59.3%)
13 (48.1%)
3 (11.1%)
2 (7.4%)
16 (59.3%)
5 (18.5%)
1 (3.7%)
4 (14.8%)
1 (3.7%)
7 (25.9%)
5 (18.5%)
6 (22.2%)
1 (3.7%)

p-value

0.32
0.58
0.41

0.23

0.058
0.77
0.34
0.56
0.77
1.00
0.25

0.025
1.00

0.003
0.31
0.41
0.24
0.08
1.00




Number of vasculitis
manifestations

1

© 00 N o 0o A W0 DN

=
o

11
Cryoglobulinemia
Type 2 IgMk cryoglobulinemia
Baseline cryoglobulin level, g/L
Hemopathy
Hemopathy type
B cell lymphoma
B-Non Hodgkin
Diffuse large B cell
Marginal zone
SLVL
MALT
ND
T cell lymphoma
Follow up duration, months
Deaths

Total

3 (1.5%)
14 (6.9%)
24 (11.9%)
50 (24.9%)
40 (19.9%)
35 (17.4%)
15 (7.5%)
12 (5.9%)
6 (2.9%)
1 (0.5%)
1 (0.5%)
185 (92%)
132 (71.5%)
1.2 (1.5)
27 (13.4%)

24
10 (37.0%)
4 (14.8%)
4 (14.8%)
4 (14.8%)

2 (7.4%)

1

2 (7.4%)
61.0 (54.9)
46 (23.1%)

Pre-DAA era

2 (1.1%)
12 (6.9%)
18 (10.3%)
43 (24.7%)
37 (21.3%)
32 (18.4%)
12 (6.9%)
11 (6.3%)

5 (2.9%)

1 (0.6%)

1 (0.6%)

162 (93.1%)
123 (75.9%)

1.2 (1.4)

24 (13.8%)

21
9 (37.5%)
3 (12.5%)
3 (12.5%)
4 (16.7%)

2 (8.3%)

1

2 (8.3%)
67.0 (55.6)
42 (24.4%)

DAA era

1(3.7%)
2 (7.4%)
6 (22.2%)
7 (25.9%)
3 (11.1%)
3 (11.1%)
3 (11.1%)
1(3.7%)
1(3.7%)

23 (85.2%)
9 (39.1%)
13(2.1)
3 (11.1%)

3
1 (33.3%)
1 (33.3%)
1 (33.3%)

22.0 (27.5)
4 (14.8%)

p-value

0.24
0.0001
0.98
1.00
0.73

<0.0001
0.2711

ND, not determined; HCV, hepatitis C virus; Gl, gastrointestinal;

SLVL, splenic lymphoma with villous lymphocytes;
MALT, mucosa-associated lymphoid tissue
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Table 2. Anti-HCV treatments used for patients with HCV cryoglobulinemia vasculitis,
according to the first treatment sequence*.

Sequence 1 Sequence 2 | Sequence 3 | Sequence 4
No. of patients 60 114 11 16
Interferon alpha, n (%) 60 (100.0%) -- -- --
million IU/week 9.3(2.7) -- -- --
duration, months 21.0 (17.2) -- -- --
Ribavirin, n (%0) 46 (76.7%)
mg/day 844 (209)
duration, months 46 (76.7%)
Peg IFN2a, n (%) -- 26 (22.8%) -- --
ug/week -- 170.8 (29.3) -- --
duration, months -- 12.4 (6.2) -- --
Peg IFN2b, n (%) -- 93 (81.6%) | 11 (100.0%) --
Hg/week 93.5(20.1) | 142.7 (44.9)
duration, months -- 13.7 (9.4) 9.7 (3.2 --
Ribavirin, n (%) 113 (99.1%)
mg/day 906 (175)
duration, months 13.2 (8.3)
Boceprevir, n (%) 5 (45.5%)
mg/day -- -- 2400 (-) --
duration, weeks -- - - 36.4 (13.9) --
Telaprevir, n (%) -- -- 6 (54.5%) --
mg/day -- -- 2250 (-) --
duration, weeks -- - - 11.3(1.6) --
Ribavirin, n (%) 11 (100%)
mg/day 627 (358)
duration, months 9.7 (3.2)
Sofosbuvir, n (%) -- -- -- 16 (100%)
mg/day -- -- -- 400 (-)
duration, weeks -- -- -- 19.4 (9.0)
Daclatasvir, n (%) -- -- -- 4 (25.0%)
mg/day -- -- -- 60 (-)
duration, weeks -- -- -- 14.0 (4.0)
Simeprevir, n (%) -- -- -- 1 (6.3%)
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Sequence 1 Sequence 2 | Sequence 3 | Sequence 4
mg/day - - - - -- 150 (-)
duration, weeks -- -- -- 12.0 (-)
Ribavirin, n (%) 14 (87.5%)
mg/day 643 (195)
duration, months 4.2 (1.9)

*Each treatment sequence corresponds to the first HCV treatment received for HCV mixed cryoglobulinemia
vasculitis, i.e. sequence 1=Interferon alpha w/wo Ribavirin; sequence 2=Peg-Interferon alpha plus Ribavirin;
sequence 3= Peg-Interferon alpha plus Ribavirin plus first generation protease inhibitor (Boceprevir/Telaprevir);
and sequence 4= Interferon-free DAA combination w/wo Ribavirin.

All results are expressed as number, n (%) or mean (SD).
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Table 3. Non-antiviral treatments used for patients with HCV cryoglobulinemia vasculitis,

according to the first HCV treatment sequence™.

Sequence 1 | Sequence 2 | Sequence 3 | Sequence 4
No. of patients 60 114 11 16
Erythropoietin 5 (8.3%) 37 (32.5%) 9 (81.8%) | 10 (62.5%)
Red blood cell transfusion 9 (15.0%) 17 (14.9%) 5 (45.5%) | 3(18.8%)
Mean number (SD) 5.3(5.3) 5.4 (4.0) 8.0 (7.5) 6.3 (5.9)
Steroids 23 (38.3%) 41 (36.0%) 3(27.3%) | 3(18.8%)
Total dose, mg (SD) (18 ggg) (162627817) (i %%) é gg%
Rituximab -- 58 (51%) 5 (46%) 4 (25%)
Immunosuppressants** 11 (18.3%) 8 (7.0%) -- --
Duration, months 14.2 (18.3) 5.0 (4.0 -- --
Plasma exchange 26 (43.3%) 9 (7.9%) -- 6 (37.5%)
Number 12.8 (7.5) 10.6 (9.3) -- 13.3 (5.6)
Hemodialysis 3 (5.0%) 6 (5.3%) -- 1 (6.3%)
Hemodialysis, chronic 2 3 -- --
Duration, months 46.5 (30.4) 24.0 (14.4) -- --
Hospitalization, n (%) 47 (78.3%) 92 (80.7%) 7 (63.6%) | 9 (56.2%)
Duration, days 52.4 (54.1) 37.3(52.4) | 30.0(34.7) | 43.7 (41.1)
Rehabilitation, n (%) 12 (20.0%) 10 (8.8%) 1(9.1%) 1 (6.3%)
Duration, days 65.8 (48.2) 67.2 (102.6) 2.0(-) 40.0 (-
Intensive care unit 5 (8.3%) 10 (8.8%) -- 4 (25.0%)
Duration, days 19.4 (17.8) 12.5(9.5) -- 5.8 (4.6)

*Each treatment sequence corresponds to the first HCV treatment received for HCV mixed cryoglobulinemia
vasculitis, i.e. sequence 1=Interferon alpha w/wo Ribavirin; sequence 2=Peg-Interferon alpha plus Ribavirin;
sequence 3= Peg-Interferon alpha plus Ribavirin plus first generation protease inhibitor (Boceprevir/Telaprevir);
and sequence 4= Interferon-free DAA combination w/wo Ribavirin.

** Include cyclophosphamide, azathioprine, or methotrexate.

All results are expressed as number, n (%) or mean (SD).
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Table 4. Clinical, virological, and immunological responses to treatments in patients with
HCV-mixed cryoglobulinemia vasculitis.

Pre-DAA era DAA era
N=174 N=27 P-value
Clinical response
Complete/partial 132 (78.6) 26 (96.3) 0.0292
No response 36 (21.4) 1(3.7)
ND 6 0
Virological response
Sustained virological response 71 (42.8) 18 (75.0) 0.0031
No response 95 (57.2) 6 (25.0)
ND 8 3
Immunological response
Complete/partial 111 (77.1) 17 (89.5) 0.3709
No response 33(22.9) 2 (10.5)
ND 30 8

Data are presented as n (%); ND, not determined; DAA, direct-acting antivirals.
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Table 5. Cost of the medical management per patient with hepatitis C virus cryoglobulinemia

vasculitis, in euros (€).

Pre-DAAcera® DAA era
N=174 N=27 Prvalue
Antiviral treatments
Mean (SD) 11,855 (8,174) 57,632 (38,483) <0.0001
Median (min-max) 11,259 (495-37,854) 43,028 (11,606-155,261)
Non-antiviral treatments
Mean (SD) 17,347 (67,529) 11,397 (13,203) 0.0461
Median (min—max) 1,163 (0-568,821) 5,683 (0-46,314)
Hospitalization
Mean (SD) 33,510 (51,185) 21,347 (33,354) 0.1264
Median (min—max) 10,464 (0-258,924) 4,185 (0-135,336)
Total cost per patient
Mean (SD) 62,712 (96,567) 90,377 (55,744) <0.0001

Median (min—max)

30,300 (1,034-769,667)

86,057 (15,924 255,264)

DAA, direct-acting antivirals.
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Figure 1. Clinical, virological, and immunological responses to treatments in patients with
mixed cryoglobulinemia vasculitis, according to HCV treatment era [i.e. pre- or post-DAAS].

BCR/SVR mPR ®NR
75,0%
63,2%
57,2%
42,8%
25,0%
PRE DAA PRE DAA DAA PRE DAA DAA
Clinical Immunological Virological

CR, complete response; PR, partial response; NR, non-response; SVR, sustained virological response; DAA,
direct-acting antivirals.
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