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ABSTRACT. Objective. Hepatitis C virus (HCV)-associated mixed cryoglobulinemia (MC) vasculitis is an
autoimmune disorder with significant morbidity and mortality. Renal involvement was associated
with an increased mortality, and was the most common cause of death; these data were obtained
before effective antiviral treatment was available. We studied causes of death and predictive factors
in patients with HCV-associated MC vasculitis treated with antivirals.

Methods. Case histories of 85 patients with HCV-associated MC vasculitis treated in a single center
between 1990 and 2006 were retrospectively reviewed. Prognostic factors affecting mortality were stud-
ied by comparing 23 patients who died with 62 survivors, using the Cox model regression analysis.
Results. The most common cause of death was infection, accounting for 34.7%, followed by end-
stage liver disease in 30.4% (including 4 patients with hepatocellular carcinoma), and cardiovascu-
lar disease in 17.4% of patients. Endstage renal disease accounted for only 8.7% of deaths, as did
central nervous system vasculitis and nonhepatic malignancy. Increased mortality was strongly asso-
ciated with immunosuppressive treatment [hazard ratio (HR) 6.51, 95% CI 2.75-15.37], cutaneous
ulcers (HR 5.37, 95% CI 1.79-16.14), and renal insufficiency (HR 3.25, 95% CI 1.37-7.72). A2
log10 decrease in HCV viral load at month 3 after starting antiviral treatment was associated with
decreased mortality (HR 0.39,95% CI 0.16-0.95).

Conclusion. While renal involvement is still associated with poorer prognosis, infectious processes
are now the most common cause of death in HCV cryoglobulinemia vasculitis. Immunosuppressive
treatment is associated with an increased risk of death, independently from disease severity.
Response to antiviral treatment is associated with significantly reduced mortality risk. (First Release
Feb 1 2010; J Rheumatol 2010;37:615-21; doi:10.3899/jrheum.090790)
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Mixed cryoglobulinemia (MC) vasculitis is a life-threaten-
ing, systemic vasculitis'> caused by a B cell proliferative
disorder*. MC may lead to clinical manifestations ranging
from MC syndrome (purpura, arthralgia, asthenia) to severe
vasculitis with nervous system and renal involvement?-3-3,
The identification of a causative role for hepatitis C virus
(HCV) in MC vasculitis, together with improving antiviral
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therapeutic options, dramatically changed the prognosis of
MC vasculitis. It has been demonstrated that antiviral treat-
ment can lead to clinical remission and can induce an
immunological response, i.e., a significant decrease in plas-
ma cryoglobulin levels®. Further, the clinical response is
closely related to effective viral elimination>9, supporting
the causal link between chronic HCV infection and the
autoimmune process. The clinical response to the vasculitis
progressively increased while antiviral efficacy increased
from initial use of standard thrice-weekly interferon (IFN)
to combination therapy with IFN and ribavirin (RBV)7-9,
and to a more recent combination with polyethylene glycol-
IFN (PEG-IFN) plus RBV.

HCV-induced MC vasculitis can still cause significant
morbidity and mortality. Traditionally, the worse prognostic
factors were age (older than 60 years at diagnosis) and renal
involvement!?, with 5-year survival ranging from 50% to
90% with renal involvement!!. In studies by Meltzer, et al'2
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and Gorevic, et al', renal involvement was the main cause
of death. Even in the absence of significant renal failure,
increased mortality from liver involvement, cardiovascular
disease, infection, and lymphoma has been reportedlo. In a
retrospective Italian study of 231 patients, 46% of deaths
were linked to vasculitis (over one-third were due to renal
disease), lymphoma, and hepatocellular carcinoma (23%),
or liver disease (13%)'0. In another study, life-threatening
MC complications were observed in up to 14% of the
patients, with a 66% mortality rate!3. Intestinal ischemia,

pulmonary hemorrhage, high cryocrit levels, and type II MC

were associated with poor prognosis'3.

However, most of the results of these studies were
derived from older data (for example, the Italian series
included patients as early as in 1972), and therefore may not
reflect recent changes in therapeutic practices. We have
reconsidered this question in order to assess whether
advancements in treatment options (in particular antiviral
treatment and improved therapeutic options for renal fail-
ure) have changed the causes as well as the prognostic fac-
tors in mortality in HCV-induced MC vasculitis.

MATERIALS AND METHODS

Patients. The files of 85 chronically HCV-infected patients with MC vas-
culitis at the Department of Internal Medicine of a university hospital
between 1990 and 2006 were retrospectively studied. Twenty-three patients
who died (mean age at death 66.35 yrs; range 62—75 yrs) were compared to
62 consecutive patients who survived (mean age at end of study 59.21 yrs;
range 48.5-72.5 yrs). All had positive anti-HCV antibodies (detected by
third-generation enzyme-linked immunosorbent assay, Ortho Diagnostics,
Cardiff, UK) and HCV-RNA and were negative for hepatitis B surface anti-
gen and anti-HIV antibodies. The most common genotype was genotype 1
(71.5%), with genotype 1b accounting for 53% and la accounting for 26%
of the patients. All patients had an MC level in serum > 0.05 g/1, at at least
2 determinations. Symptomatic MC was defined by serum MC associated
with the triad of purpura-arthralgia-asthenia, sometimes associated with
renal or neurologic involvement. Histological evidence of vasculitis was
obtained in 78.2% of the patients, while in 21.8%, the MC vasculitis diag-
nosis was based on clinical and laboratory features!2. Followup included
visits at least every 2 months. All patients received IFN-based antiviral
therapy with or without immunosuppressive treatments.

Demographic information such as age at diagnosis, gender, and pre-
sumed mode of HCV transmission was recorded. Clinical details recorded
were manifestations of vasculitis; cause of death (obtained from patients’
files, certificates of death, or autopsy results); evidence of a lymphoprolif-
erative disorder; antiviral treatment type, dose, and duration; immunosup-
pressive treatment type, dose, and duration; and clinical, immunologic, and
virologic response to treatment at 3 and 12 months after beginning antiviral
treatment, at 6 months after stopping antiviral treatment, and at the end of
the followup (last data before death). The following laboratory data were
taken (all at the time of initial diagnosis): creatinine level (zmol per liter);
proteinuria (g per day); alanine aminotransferase (ALT) level expressed in
multiple of upper level of normal value (ULN) before and after treatment;
HCV genotype (second-generation line probe assay, Innogenetics,
Brussels, Belgium); viral load before and after treatment (expressed in
log10); cryoglobulinemia type and level (g/l); complement C4 (g/1);
rheumatoid factor (RF) activity by latex and Waaler-Rose test, before and
after treatment; and liver degree of fibrosis and necro-inflammation evalu-
ated on hepatic biopsy and/or fibrotest-actitest!* and expressed by the
Metavir score!® before and after treatment.

Antiviral treatment. Patients were treated with PEG-IFN with or without
RBV (45 patients, 52.9%) or standard IFN with or without RBV (40
patients, 47.1%), for a minimum of 6 months, according to common clini-
cal practice.

Different types of treatment responses were recorded. Clinical response
for patients with MC vasculitis was defined by analyzing the course of the
following main clinical signs: skin involvement (absence of purpura),
peripheral neuropathy (clinical and electrophysiologic improvement on 2
successive examinations), renal involvement (normalization of serum crea-
tinine level and disappearance of proteinuria), and the absence of arthral-
gia. A complete clinical response was defined as a full improvement in all
baseline clinical manifestations. Complete immunologic response was
defined by the absence of serum cryoglobulin (< 0.05 g/dl). Patients had
sustained virologic response when they had undetectable viremia 6 months
after stopping antiviral treatment. Of note, none of the patients received
rituximab.

Statistics. Data were summarized as incidences and percentages for cate-
gorical variables. Quantitative variables were described using means and
SD. We compared the 23 patients who died with a cohort of 62 patients
with HCV MC vasculitis followed at the same department during the same
period and still alive in March 2006. The Cox model adapted for survival
data was used to test the association between death and potential predictive
factors and to quantify the effect size measured by estimated hazard ratio
(HR) with 95% confidence interval (CI). This was an inception cohort with
baseline data taken at the time of MC vasculitis diagnosis. Considering that
no deaths occurred during the first 3 months in our study, response at 3
months was tested as a potential predictive factor.

Unadjusted and adjusted HR were computed, with adjustment per-
formed through the use of a multivariable model introducing factors asso-
ciated with the outcome at the 10% level in univariable analyses. The fac-
tor selections were determined using a backward procedure based on the
Akaike criteria. All tests were 2-sided with a significance level of 0.05.
Analyses were performed using the R statistical package (online at
http://www.R-project.org).

RESULTS

Clinical characteristics of mortality cohort. Between 1990
and 2006, 23 patients (14 men, 9 women) died. They were
infected with HCV with significant cryoglobulinemia (0.05
g/l) and followed for vasculitis in our department (main
clinical characteristics in Table 1). The most common mode
of transmission was blood transfusion for 7 patients (30.4%)
and intravenous drug use for 3 patients (13.1%), while in 13
patients (56.5%) the mode of transmission was unknown.
The mean delay between the diagnosis of HCV infection
and death was 15 years (range 1.5-35) and between first
vasculitis manifestation and death 65 months (range
16-172).

Vasculitis involvement of the peripheral nervous system
was demonstrated in 19 cases (82.6%), with clinical and
electromyographic features of sensory and/or motor
polyneuropathy for 13 patients and mononeuropathy multi-
plex for 6 patients. Cutaneous involvement was reported in
13 patients (56.5%), all with purpura, and 4 patients had
both purpura and leg ulcers. Arthralgia was reported in 12
cases (52.1%) and renal involvement in 9 (39.1%). Central
nervous system involvement was reported for 3 patients
(13%), Raynaud’s phenomenon for 3 (13%), and gastroin-
testinal involvement (presenting with abdominal pain and
melena secondary to bowel ischemia) for 2 patients (8.7%).
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Table 1. Main characteristics of patients with HCV cryoglobulinemia vasculitis, including a multivariate analy-
sis of patients who died compared with surviving patients at the end of the study.

Characteristics Surviving Patients Who Died HR (95% CI) p
Patients (n =23)
(n=63) n (%)
n (%)

Women/men 34/28 9/14 0.61 (0.26 to 1.44) NS
Age, mean + SD yrs 592 +137 66.3 = 14.5 1.02 (0.99 to 1.05) NS
Duration of HCV infection, yrs 282+99 149+92 0.92 (0.87 to 0.96) 0.0004
Arthralgia 29 (46.8) 11 (47.8) 1.04 (045t02.4) NS
Myalgia 8 (12.9) 2(8.7) 0.85 (0.2 to 3.66) NS
PNS disease 36 (58.1) 19 (82.6) 291 (1.02 to 8.71) 0.049
CNS disease 3(4.8) 3(13) 2.36 (0.7 to 8.03) NS
Purpura 44 (74.6) 13 (56.5) 0.58 (0.25 to 1.33) NS
Sicca syndrome 12 (20) 2(8.7) 0.25 (0.06 to 1.09) NS
Raynaud’s 232 3(13) 395 (1.13to 13.77) 0.03
Cutaneous ulcers 0 (0) 4(174) 537 (1.79 to 16.14) 0.003
GI disease 6(9.7) 2(8.7) 0.63 (0.14 to 2.78) NS
Immunosuppressive treatment 1(1.6) 10 (43.5) 6.51 (2.75t0 15.37) < 0.0001
Serum creatinine > 1.4 mg/l 7(11.3) 9 (39.1) 325(1.37t0 7.72) 0.008
Proteinuria 13 (21) 8 (34.8) 2.21 (091 to 5.37) NS
Cryoglobulinemia type II 42 (75) 17 (81) 0.71 (0.23 to 2.15) NS
Cryoglobulinemia type III 14 (25) 4(19) 0.71 (0.23 to 2.15) NS
HCV VL (log 10), mean + SD 5.86+0.7 597+06 1.37 (0.7 to 2.69) NS
Baseline cryoglobulin level > 0.65 g/1 29 (47.5) 2(333) 0.59 (0.11 to 3.24) NS
Baseline ALT > twice upper normal limit ~ 41.9 21.7 0.53 (0.2 to 1.44) NS
Elevated Metavir A (2-3) 23 (38.3) 11 (50) 1.38 (0.6 to 3.18) NS
Elevated Metavir F (3-4) 16 (26.7) 10 (45.5) 1.55 (0.65 to 3.69) NS

HCV: hepatitis C virus; HR: hazard ratio; PNS: peripheral nervous system; CNS: central nervous system; serum
cr: serum creatinine level; HCV VL: hepatitis C viral load before antiviral therapy; ALT: alanine aminotrans-
ferase; Metavir: scoring system for liver necro-inflammation activity (A) and fibrosis (F); NS: not significant.

Lymphoproliferative disorders were reported in 3 patients
(splenic lymphoma with villous lymphocytes, Waldenstrém’s
disease, and tonsillar T cell lymphoma). Pretreatment mean
creatinine serum level was 159 pmol/l (range 58-630), with
creatinine clearance of 55 ml/min (range 2—108), and mean
daily proteinuria of 1.08 g (range 0-6.8). At the last point of
followup before death, these were, respectively, 200 gmol/l
(range 55-729), 48 ml/min (range 2-94), and 1 g (range
0-5.9). Four patients were treated with dialysis, all for rap-
idly progressive membrano-proliferative glomerulonephri-
tis. Arthritic involvement was not noted in any patient in this
cohort.

Mixed cryoglobulinemia, according to Brouet classifica-
tion'®, was type II IgM K (78%) or type III (22%).
Pretreatment and last followup cryoglobulinemia mean
levels were, respectively, 0.52 g/l (range 0-1.35) and 0.36
g/l (range 0-2.55), C4 levels were 0.086 g/ (range 0.02-0.2)
and 0.13 g/l (range 0.01-0.33), and RF levels were 57 TU/I
(range 0-301) and 40 IU/I (range 0-301). Pretreatment ALT
levels were 1.6 ULN (range 1-4), mean Metavir activity
score was 1.3 (range 0-3), and the mean Metavir fibrosis
score was 2.3 (range 1-4). At last followup, those levels
were, respectively, 1.4 (range 1-3), 1.2 (range 0-3), and 2.7
(range 1-4).

All patients received antiviral treatment. The mean
number of treatment courses was 1.87 (range 1-5) with a
mean total antiviral treatment duration of 27.4 months
(range 6-108). Only 4 out of 23 patients who died had a
duration of antiviral treatment < 9 months. Eleven patients
(48%) were treated by IFN alone, 2 (8.7%) by PEG-IFN
alone, 5 (21.8%) by a combination of IFN plus RBV, and 5
(21.8%) by PEG-IFN plus RBV. Mean dose of RBV was
875 mg/day (range 600-1200 mg) and 1.2 ug/kg/week
(range 1-1.5) for PEG-IFN-02b. Efficacy of antiviral
treatment on clinical, virological, and immunological fea-
tures is summarized in Table 2. Main adverse effects of
antiviral treatment were depression (40%), hemolytic ane-
mia (16.6%), and thrombocytopenia (15%). Immuno-
suppressive treatments were administered in 15 patients
(65.2%); all received corticosteroids for a mean duration
of 18.5 months (range 3-84), at a mean dose of 0.82
mg/kg/day (range 0.2—1). Methylprednisolone pulses were
administered to 8 patients, cyclophosphamide to 7, and
methotrexate to 1 patient. A mean of 10.9 (range 4-28)
plasma exchanges were performed for 11 patients. Of note,
no case was noted of cessation of immunosuppressive
treatment due to infection.

Causes of death. Causes of death were available for 22 of
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Table 2. Response to antiviral treatment in patients with HCV cryoglobulinemia vasculitis after 3 months of
treatment. Patients who died are compared with surviving patients at the end of the study.

Surviving Patients Hazard Ratio p
Patients Who Died (95% CI)
Response at Month 3 (%) (n=63) (n=23)
Clinical 21 (33.9) 2 (8.7) 0.28 (0.06-1.19) NS
Virological 38 (61.3) 7(304) 0.39 (0.16-0.95) 0.04
Immunological 20 (32.3) 6 (26.1) 0.99 (0.38-2.56) NS

HCV: hepatitis C virus; NS: not significant.

the 23 patients who died (Table 3). Most deaths occurred
during the first 4 years of followup (Figure 1).

The most common cause of death was infection, account-
ing for 8 patients (34.7%). Septic shock was the common
final pathway, secondary to pneumonia in 3 patients, peri-
tonitis related to dialysis catheter in 1 patient, cutaneous
abscess for 1 patient, and with undetermined origin for the
remainder. In 2 patients, the infection occurred in the setting
of mesenteric ischemia secondary to gastrointestinal
involvement of the MC vasculitis. Among these 8 infection-
related deaths, 5 patients received immunosuppressive treat-
ment (corticosteroid treatment in 5, cyclophosphamide and
plasmapheresis in 4, and methothrexate in 1 patient),
although only 1 patient was receiving immunosuppressive
treatment at the time of death. Four patients had renal insuf-
ficiency, 4 had cirrhosis, and 2 had lymphoproliferative dis-
orders (Waldenstrom’s macroglobulinemia and splenic lym-
phoma with villous lymphocytes).

Death occurred as a result of endstage liver disease in 7
patients (30.4%), i.e., 4 hepatocellular carcinoma and 3
direct complications of cirrhosis. Death was related to a car-
diovascular disease in 4 patients (17.4%), i.e., heart failure
in 2, sudden cardiac death in 1, and myocardial infarction in
1.In 2 patients, the cause of death was cerebral involvement
of the MC vasculitic process, in 2 cases the cause was end-
stage renal disease, and 2 additional patients died from a
malignant disease (tonsillar T cell lymphoma, lung cancer).

Prognostic factors for mortality. Factors associated with

Table 3. Causes of death in patients with HCV cryoglobulinemia vasculi-
tis. For 3 patients, 2 different causes contributed to death.

Cause of Death N (%)
Infection 8 (34.7)
Liver disease 7(304)
Hepatocellular carcinoma 4(174)
Cirrhosis 3(13.0)
Cardiovascular disease 4(174)
CNS vasculitis 2(8.7)
Renal failure 2(8.7)
Non-liver malignancy 2 (8.7)
Unknown 1(4.3)

HCV: hepatitis C virus; CNS: central nervous system.

mortality were studied by comparing the 23 patients who
died with 63 patients who were alive at the time of analysis.
In a Cox model regression analysis (values expressed as HR,
95% CI), increased mortality was strongly associated with
immunosuppressive treatment (6.51, 2.75-15.37), cuta-
neous ulcers (5.37, 1.79-16.14), and renal insufficiency
(3.25, 1.37-7.72; Table 1). Other factors associated with
increased mortality were Raynaud’s phenomenon (3.95,
1.13-13.77) and peripheral nerve involvement (2.91,
1.02-8.71). A 2 log10 decrease in HCV viral load at month
3 after starting antiviral treatment was associated with a
lower mortality rate (0.39, 0.16-0.95; Table 2). Only 4 of
the 23 patients who died had a genotype 2 or 3. Genotype
(genotype 1 compared with other genotypes grouped togeth-
er) did not have a statistically significant effect on mortality
(0.53,0.21-1.34).

In a multivariate analysis with model selection based on
the Akaike criteria, the strongest factors influencing mortal-
ity rates were immunosuppressive treatment (HR 5.1, 95%
CI 2.1-12.6), renal insufficiency (2.9, 1.2-7.3), and virolog-
ical response at month 3 after starting antiviral treatment
(0.4,0.2-0.9). Virological response at month 12 of treatment
and at the end of followup was far more common in patients
who were alive at analysis compared with the patients who
died (74.2% vs 17.4% and 62.9% vs 4.3%, respectively).
Clinical response was more frequent at month 12 of treat-
ment among patients who died, but less frequent at end of
followup (30.6% vs 47.8% and 72.6% vs 21.7%), while
immunological response was lower in patients who died at
both timepoints (48.4% vs 34.8% and 48.4% vs 39.1%).

DISCUSSION

We evaluated the causes of death and prognostic factors
associated with mortality in a large group of patients with
HCV-associated MC vasculitis. Our first main finding was
that the most common cause of death, accounting for over
one-third of the patients, was infection. Infectious etiology
was followed by liver disease, including endstage cirrhosis
and hepatocellular carcinoma, heart disease, and in only a
small proportion of patients, endstage renal failure or other
vasculitis target-organ involvement. This is a stark differ-
ence from earlier studies in which vasculitis renal disease
was the most common cause of death. This finding is par-
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Figure 1. Kaplan-Meier plot showing the cumulative incidence of death by years of followup. Broken lines represent

95% confidence interval.

ticularly interesting considering the second major finding —
that immunosuppressive treatment was the strongest nega-
tive prognostic factor, even after controlling for disease
severity measurements.

In one of the largest case series, published by Ferri, et al,
the most common cause of death for 231 patients with MC
vasculitis was endstage renal disease, responsible for 33%
of deaths with known cause!?. The second most common
cause was malignancies, accounting for 23% of deaths, fol-
lowed by liver involvement, diffuse vasculitis, B cell lym-
phomas, and lung involvement. In an earlier report by
Monti, ef al!’, liver disease and endstage renal disease were
the most common causes of death, and others have reported
similar findings'®. Interestingly, although it is difficult to
directly compare because of different definitions used,
infectious causes have not been marked as an important
cause of mortality in the previous large case series.
Although in our study renal disease remained an important
negative prognostic factor, renal disease is no longer the

foremost cause of mortality, a difference that may stem from
improved care and improved survival rates among patients
with endstage renal disease, as demonstrated by the US
Renal Data System cohort!®.

When first described early in the 20th century, the vas-
culitidis syndromes were regarded as uniformly fatal.
However, the use of corticosteroids and cytotoxic agents,
notably cyclophosphamide, has significantly increased
5-year survival rates?’. In most studies, mortality was most
often a result of the primary vasculitic disorder?!?2, because
of either renal failure or other target-organ involvement23-20,
However, infection remained an important cause of mortal-
ity, particularly in more recent case series?224232728  ag
well as among patients in intensive care?”. Predictors of
poor prognosis were predominantly older age®>2>27, renal
dysfunction???730  central nervous system involve-
ment??30, and hepatic involvement®?. Immunosuppressive
treatment or its intensity were not found in multivariate
analysis to be linked with increased mortality?2. Our find-
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