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Cryoglobulinemia  is defined  as the  persistent  presence  in serum  of  abnormal  immunoglobulins  (Igs)
that  precipitate  at low temperatures  and  dissolve  again  upon  warming.  Cryoglobulins  may  be  composed
only  of a monoclonal  Ig (simple  type  I cryoglobulinemia),  of  a monoclonal  Ig bound  to the  constant
domain  of  polyclonal  Ig  heavy  chains  (mixed  type  II cryoglobulinemia),  or only  of polyclonal  Igs (mixed
type III  cryoglobulinemia).  The  manifestations  of type  I cryoglobulinemia  are often  related  to  intravas-
cular  obstruction,  whereas  those  seen  in  the  mixed  cryoglobulinemias  often  originate  in true  immune
complex-mediated  vasculitis.  The  main  clinical  manifestations  affect  the  skin  (purpura,  necrotic  ulcers),
joints,  peripheral  nervous  system,  and  kidneys  (membranoproliferative  glomerulonephritis).  Patients
with  type  I  cryoglobulinemia  should  be investigated  for  hematological  malignancies  (myeloma  and  B-cell

lymphoma).  Hepatitis  C is  the main  diagnosis  to consider  in  patients  with  mixed  cryoglobulinemia,  fol-
lowed  by  connective  tissue  disease  and  B-cell  non-Hodgkin’s  lymphoma.  The  treatment  depends  mainly
on the  cause  of the  cryoglobulinemia.  For  instance,  hepatitis  C  virus  (HCV)  eradication  is  in order  in
patients  with  HCV-associated  cryoglobulinemia  vasculitis,  and  the underlying  hematological  malignancy
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. What is cryoglobulinemia?

A cryoglobulin is an abnormal immunoglobulin (Ig) that pre-
ipitates at low temperature then dissolves again when the
emperature is increased. This definition distinguishes cryoglob-
lins from cryoproteins and cold agglutinins. Cryoglobulinemia is
efined as the persistent presence of cryoglobulins in serum.

.1. Clinical and immunological classification of the
ryoglobulinemias

Brouet’s classification is the most widely used for distinguish-
ng among the various types of cryoglobulinemia [1]. The chemical
nd immunological features of the cryoglobulins are used to define

hree types. Type I cryoglobulinemia or simple cryoglobulinemia is
haracterized by a single monoclonal Ig, which is usually an IgM
r IgG. In type II cryoglobulinemia, polyclonal Igs form immune
omplexes with one or more monoclonal Igs. The most common

∗ Corresponding author at: Département de medecine interne et d’immunologie
linique, hôpital Pitié-Salpétrière, Batiment La Rochefoucauld, 83, boulevard de
’hôpital, 75013 Paris, France.
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th  type I  cryoglobulinemia.
d  by  Elsevier  Masson  SAS  on  behalf  of  Société  franç aise  de  rhumatologie.

form combines a monoclonal IgM and polyclonal IgGs (mixed mon-
oclonal cryoglobulinemia). When the Ig components are separated,
none precipitates at low temperatures. The monoclonal IgM has
rheumatoid factor activity and binds to the Fc of the IgGs, which,
in turn, are bound to an antigen (e.g., the hepatitis C virus [HCV]
genome). These numerous chemical interactions result in strong
stability of the IgG-IgM complex. Finally, type III cryoglobulinemia
involves only polyclonal Igs. Polyclonal IgMs and IgGs may  form
immune complexes (mixed polyclonal cryoglobulinemia). Type III
cryoglobulins are common and frequently detectable in low levels
in healthy individuals. In the absence of other abnormalities, their
clinical significance is unclear.

One of the benefits of this immunochemical classification is
that it provides guidance for both the etiological diagnosis and the
treatment (Table 1). Type I cryoglobulinemia, which accounts for
10%–15% of cases of symptomatic vasculitis, is often associated with
hematological malignancies such as myeloma or B-cell lymphoma
or with monoclonal gammopathy of undetermined significance
(MGUS). Mixed cryoglobulinemia (80%–85%), in contrast, is associ-
ated with infectious diseases, notably chronic HCV infection; B-cell

malignancies; and autoimmune diseases such as Sjögren’s syn-
drome and lupus. Mixed cryoglobulinemia remains idiopathic in
15% of cases.

umatologie.
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Table 1
Main clinical, laboratory, and associated manifestations according to the immuno-
chemical type of cryoglobulinemia [16,18,20,27].

Immunochemical type Ia II–IIIb

Skin
Purpura 80% 75–90%
Raynaud’s phenomenon 25–40% 20–30%
Distal ulcers/necrosis 30–35% 5–15%
Cold-induced symptoms/cold urticaria 90–100% 0–10%
Livedo 10–15% 5–10%
Arthralgia/arthurite 25–30% 50–80%
Neurological involvement
Peripheral neuropathy 30–50% 50–75%
CNS involvement exceedingly rare 5–10%
Renal involvement 15–30% 30–40%
Gastrointestinal involvement exceedingly rare rare
Cardiac involvement exceedingly rare rare
Pulmonary involvement exceedingly rare rare

CNS, central nervous system.
a simple cryoglobulin composed of a monoclonal immunoglobulin.
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mixed cryoglobulins; type II: monoclonal and polyclonal immunoglobulins;
ype III: polyclonal immunoglobulins only.

.2. Detection of cryoglobulins and diagnosis of cryoglobulinemia

Several precautions are important to avoid false-negative
esults from cryoglobulin detection tests. To avoid premature
ryoprecipitation, the blood sample must be kept at 37◦ during
ransport to the laboratory then during centrifugation. Cryoglobu-
ins precipitate below 37 ◦C. After centrifugation, the serum sample
s stored at 4 ◦C for 8 days to ensure the detection of delayed
ryoprecipitation. The cryoprecipitate is dissolved by increasing
he temperature. After purification, immunoelectrophoresis is per-
ormed to identify the type of cryoglobulin as I, II, or III, as described
bove. The cryoprecipitate is quantified using immunofixation
r Western blotting. The severity of the clinical manifestations
oes not consistently correlate with the serum concentration of
ryoglobulin, although symptomatic patients have higher con-
entrations on average than do asymptomatic patients [2]. After
engthy debates, it was determined that a concentration above
0 mg/L is considered abnormal.

Cryoglobulin detection can be technically difficult due to the
onsiderable thermal instability of cryoglobulins, which precipi-
ate readily if the temperature of the blood sample falls below
7◦ before processing at the laboratory. Consequently, evalua-
ion for other laboratory features that suggest cryoglobulinemia is
mportant. Although inconsistently present, several complement
bnormalities are fairly specific, such as decreases in early com-
onents (C1q, C2, and C4) and in CH50 and increased levels of the

ate components (C5 and C9) and of C1 inhibitor; the C3 level is
sually normal. Rheumatoid factor activity is common in mixed
ryoglobulinemia but is rarely found in type I cryoglobulinemia
Table 2). Electrophoresis and immunoelectrophoresis show either

olyclonal hypergammaglobulinemia or a monoclonal peak.

Mixed cryoglobulinemic vasculitis manifests typically as vascu-
ar purpura, cryoglobulinemia, and low C4 levels. However, patients

able 2
ifferences according to cryoglobulin type.

Type I cryoglobulin 

Mechanism Occlusion of the capillary lumen
Vasculitis is uncommon.

Clinical manifestations Skin necrosis/ distal ischemia +++ Cold-induced s
Laboratory tests RF activity is rare.

Hypocomplementemia is inconsistent.
Type of monoclonal Ig IgM > IgG > IgA 

F: rheumatoid factor; Ig: immunoglobulin; C4: complement component 4.
oint Bone Spine 86 (2019) 707–713

with true cryoglobulinemic vasculitis may  have negative tests for
cryoglobulins.

Liver test abnormalities are extremely common in patients with
mixed cryoglobulinemia. About 50% to 70% have high transaminase
and alkaline phosphatase levels. These abnormalities are related to
chronic HCV infection in most cases and far less often to chronic
hepatitis B virus (HBV) infection.

The presence of a cryoglobulin can alter the results of standard
blood tests such as the protein level and the erythrocyte sedimen-
tation rate. The gammaglobulin level may  be spuriously decreased
due to precipitation of the cryoglobulin.

Cryoglobulinemia is associated with nonnecrotizing leukocyto-
clastic vasculitis involving small vessels (arterioles, capillaries, and
venules) and medium-sized vessels. The inflammatory infiltrate
composed predominantly of lymphocytes and monocytes, with few
neutrophils, is present mainly around the blood vessels, where it
forms sheaths but shows little or no tendency to invade the vessel
walls. However, 20% of patients have necrotizing vasculitis with fib-
rinoid necrosis preferentially involving the medium-sized vessels
in a presentation similar to that of polyarteritis nodosa.

1.3. Cryoglobulinemic vasculitis: Clinical presentation

Cryoglobulinemia can cause vasculitides that belong to the
group of systemic immune-complex-mediated vasculitis (Fig. 1).
Vasculitis is most common in mixed cryoglobulinemia. Females are
affected more often than males, with a female/male ratio of 2/1.
Symptom onset is in the fourth or fifth decade, with no differences
across ethnic groups.

General symptoms are common, notably severe fatigue. Unex-
plained fever with or without weight loss may  be a feature. Table 1
lists the main clinical manifestations and their frequency in each
type of cryoglobulinemia.

1.4. Vascular purpura

Vascular purpura is often the inaugural manifestation. The lower
limbs are affected first but the lesions may  then extend to the
abdomen. The purpura follows an intermittent relapsing course.
The lesions are infiltrated non-pruriginous petechiae or papules.
Necrosis may  develop, notably in patients with type I cryoglobu-
linemia. Distal necrosis at the upper or lower limbs is also most
common in type I cryoglobulinemia. Cold-induced symptoms such
as Raynaud’s phenomenon occur in 25% of patients overall, with
higher rates in patients who  have type I cryoglobulinemia.

Cold urticaria is a chronic systemic non-pruriginous urticarial
rash with plaques that remain unchanged for more than 24 hours.
The trigger is exposure to cold. The rash can be induced by placing
an ice cube on the forearm.

1.5. Joint involvement
The joint manifestations (50%–75 %) often consist of non-
migratory pain that predominantly involves the hands and knees;
the elbows and ankles are less often affected. The distribution is

Mixed (type II/III) cryoglobulin

Small-vessel vasculitis++ Occlusion of the capillary
lumen is less common.

ymptoms Purpura, arthralgia, glomerulonephritis
RF activity
C4 consumption
IgM+++ (Kappa » Lambda)
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ig. 1. Clinical manifestations of cryoglobulinemic vasculitis; a: severe skin ulcer; b
:  distribution of the peripheral neurological involvement indicating length depen
esonance imaging of the brain showing vasculitis.

ilateral and symmetric. There are no joint deformities. True arthri-
is is less common and does not cause joint destruction. Spinal
nvolvement is even less frequent.

.6. Renal involvement

Renal involvement is usually a late manifestation. Proteinuria
nd microscopic hematuria are the main manifestations, although
enal failure may  develop. Atypical nephrotic syndrome or acute
ephritic syndrome occurs in some patients. Hypertension often
evelops shortly after the onset of the renal manifestations.

The renal biopsy evidences diffuse global membranoprolifera-
ive glomerulonephritis with mesangial proliferation, which may
ave a nodular appearance. Extra-capillary proliferation may  be
resent. Histological findings of adverse prognostic significance

nclude amorphous eosinophilic intraluminal thrombi and vasculi-
is affecting the small and medium-size vessels (25%) with fibrinoid
ecrosis of the vessel walls. Immunofluorescence shows suben-
othelial and intraluminal deposits of immunoglobulins identical
o those present in the cryoprecipitate; C3 is found only in the
ubendothelial deposits. By electronic microscopy, the suben-
othelial and intraluminal deposits are seen to be organized into
icrotubules measuring 10 to 25 nm in diameter.

.7. Neurological involvement
The peripheral nervous system is the main target. Distal sen-
ory or sensorimotor polyneuropathy predominating at the lower
imbs occurs in two-thirds of patients and mononeuritis multi-
lex in one-third of patients. Common inaugural symptoms include
e biopsy specimen showing vasculitis with a perivascular inflammatory infiltrate;
; d: renal biopsy showing membranoproliferative glomerulonephritis; e: magnetic

disorders in superficial sensation, with neuropathic pain and pares-
thesia. Motor loss is less common, delayed by a few months to a few
years, and sets in gradually; the anterolateral leg compartments are
preferentially affected, often asymmetrically [3].

2. Other, rare manifestations (< 5%)

2.1. Gastrointestinal involvement

Patients may  experience abdominal pain, which may  simulate
a surgical condition. Gastrointestinal tract bleeding or perforation
may  occur. These gastrointestinal manifestations are due to distal
vasculitis involving the mesenteric arterioles and capillaries.

2.2. Involvement of the central nervous system

Vasculitis of the brain, although rare, is probably under-
estimated [4]. The manifestations include acute or subacute
neurological deficits, headaches, seizures, cranial nerve impair-
ments and, in some cases, cerebrovascular events. Histological
proof of cerebral vasculitis is only very rarely obtained. The pre-
sumptive diagnosis rests on the findings from imaging studies,
notably magnetic resonance imaging angiography or computed
tomography. One or more ischemic lesions may  be visible, as well
as distal obstruction or irregularities in vessel diameter. The cere-

brospinal fluid is usually normal, although pleocytosis and protein
level elevation have been reported [5]. One suggested mechanism is
ischemia related to intravascular cryoglobulin precipitation within
small brain vessels free from vasculitis lesions [4].
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Box 1: Manifestations associated with cryoglobulin pro-
duction; the most common are in bold type.

1. B-cell malignancies
Waldenström macroglobulinemia
Multiple myeloma (Plasmacytoma)
MGUS
B-cell non-Hodgkin’s lymphoma
Chronic lymphocytic leukemia
Hairy-cell leukemia
2. Systemic and/or autoimmune diseases
Sjögren’s syndrome
Systemic lupus erythematosus
Rheumatoid arthritis
Schönlein-Henoch purpura
Dermatopolymyositis
Scleroderma
Granulomatosis with polyangiitis (e.g., Wegener granulo-

matosis)
Periarteritis nodosa
Behçet’s disease
Sarcoidosis
Autoimmune thyroiditis
Primary biliary cirrhosis
Celiac disease
Pemphigus vulgaris
Endomyocardial fibrosis
Idiopathic pulmonary fibrosis
3. Infections
a. Viral infections
Chronic hepatitis C
Chronic hepatitis B
Epstein-Barr virus infection
Cytomegalovirus infection
Acute hepatitis A
Human immunodeficiency virus infection
Human immunodeficiency virus infection
Adenovirus infection
Parvovirus B19 infection
Bacterial infections
Subacute endocarditis
Syphilis
Acute post-streptococcal glomerulonephritis
Lyme disease
Brucellosis
Coxiella infection
Mediterranean spotted fever
Atrioventricular shunt infection
Lepromatous leprosy
b. Parasitic infections
Paludism
Visceral leishmaniasis
Toxoplasmosis
Schistosomiasis
Echinococcosis
Tropical splenomegaly syndrome
c. Fungal infections
Coccidioidomycosis
4. Other
Extracapillary glomerulonephritis
Cancer: breast, nasopharynx, esophagus
10 A.C. Desbois, P. Cacoub and D. Saado

.3. Cardiac involvement

Cardiac involvement is rare but associated with increased mor-
ality. Microvascular disease develops and may  cause severe heart
ailure, which is among the causes of death in patients with cryo-
lobulinemia. The postmortem examination shows necrotizing
asculitis of the coronary arterioles. Myocardial infarction due to
esions of the large coronary arteries is also possible. Acute peri-
arditis is more common and rarely responsible for complications.

.4. Pulmonary involvement

Lung disease is extremely rare. Bronchiolitis obliterans organiz-
ng pneumonia and alveolar hemorrhage syndromes are probably
ue to vasculitis and o lymphocytic alveolitis.

. Pathophysiology

The mechanism underlying the formation of cryoprecipitates
s unclear but depends on numerous parameters including the Ig
evel, pH, ionic force, and temperature, as well as the electrical
harge, which is governed by the amino acid sequences and sugar
oieties contained in the immunoglobulin.
Ischemic lesions may  be related to vascular obstruction by cryo-

lobulin precipitates, notably in type I cryoglobulinemia. Mixed
ryoglobulinemia causes true immune complex-mediated vasculi-
is. Why  symptomatic vasculitis does not occur consistently is
nclear. Recent studies indicate that the development of lesions

s heavily dependent on the physicochemical properties of the
gs, such as stereotactic properties and heavy-chain glycosylation.
epending on their physicochemical properties, Igs vary in their
ropensity to form immune complexes, precipitate, and induce
n inflammatory response (via recruitment of complement and of
he macrophage Fc receptor) [6]. More specifically, differences in
olubility and rigidity influence the tendency to form immune com-
lexes, and some Igs tend to undergo cleavage, which limits the size
f the immune complexes.

In chronic hepatitis C, the HCV envelope glycoproteins E1 and
2 help the virus enter into the hepatocytes and lymphocytes, pos-
ibly via the CD81 cell receptor [7]. Chronic HCV infection induces
ersistent stimulation of the intrahepatic and circulating B cells. In
atients with HCV-related cryoglobulinemia, several studies have
emonstrated oligoclonal or monoclonal expansion of the IgM+,

gD+ CD21low memory B cells. The expanded B-cell population is
haracterized by a distinctive repertoire, with predominance of cer-
ain clones, notably VH1-69, which produce an Ig with rheumatoid
actor activity, thereby leading to the formation of a cryoglobu-
in [8,9]. The chronic antigen stimulation results in the gradual
mergence of B-cell clones that produce polyclonal IgMs (type III
ryoglobulin) initially, then oligoclonal IgMs (type II/III cryoglob-
lin), and finally a monoclonal IgM (type II cryoglobulinemia) [2].

n patients with mixed cryoglobulinemia, HCV proteins have been
dentified in skin (E2 and core proteins) and kidney (core protein)
iopsies and genomic HCV RNA in nerve tissues in patients with
CV-related mixed cryoglobulinemia [10].

Although all B-cell non-Hodgkin’s lymphoma subtypes have
een reported in association with HCV, the most common are
arginal zone lymphoma and diffuse large B-cell lymphoma result-

ng from the transformation of low-grade lymphoma [11,12]. In
atients with symptomatic cryoglobulinemia, the risk of develop-

ng lymphoma may  be increased 35-fold compared to the general

opulation [13]. The current model for HCV-related lymphoma

nvolves an additional oncogenic event affecting a B-cell clone
reviously selected via chronic stimulation by HCV antigens (see
bove).
4. Causes of cryoglobulinemias

The vast number of varied conditions associated with the
production of cryoglobulins can be roughly classified into three

categories: chronic hepatitis C and other infections, autoimmune
diseases (Sjögren’s syndrome and lupus), and B-cell lymphoid
malignancies (Box 1 and Fig. 2).
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ig. 2. Diagnostic strategy for cryoglobulinemia. Determine the type of cryoglobulin
yeloma, Hepatitis C, lymphoma (Waldenström,B-cell non-Hodgkin’sConnective t

ther.

.1. Type I cryoglobulinemia

Simple monoclonal (type I) cryoglobulinemia is associated with
-cell malignancies, notably Waldenström macroglobulinemia and
yeloma, and with MGUS. The ability to form cryoprecipitates

s a feature of the monoclonal protein. The manifestations are
ften related to small-vessel obstruction by the monoclonal Ig
recipitates. Monoclonal IgM cryoglobulinemia suggests Walden-
tröm macroglobulinemia or another type of lymphoma and
onoclonal IgG cryoglobulinemia myeloma or MGUS. The clinical
anifestations of cryoglobulinemia may  antedate the diagnosis of
aldenström macroglobulinemia by several months or years.
Type I cryoglobulinemia may  also occur in patients with non-

odgkin’s lymphoma or B-cell chronic lymphocytic leukemia,
lthough mixed type II cryoglobulinemia is more common in these
onditions.

.2. Type II and III mixed cryoglobulinemia

HCV infection is the leading cause of mixed (type II and III) cryo-
lobulinemia, with 70% to 90% of cases being due to this virus.
ixed cryoglobulinemia is found in 25% to 30% of patients with

epatitis C but is generally asymptomatic. Thus, symptomatic vas-
ulitis develops in only 10% to 15% of patients with hepatitis C. In
tudies conducted in various geographic regions, the prevalence of
erum anti-HCV antibodies among patients with mixed cryoglob-
linemia ranged from 56% to 95% [14,15]. In the vast majority of
CV-positive patients, the viral RNA was found in the serum and
ithin the cryoprecipitate.

About 10% to 30% of cases of mixed cryoglobulinemia (types
I and III) are not related to HCV. The many causes include other
nfections, B-cell lymphoid malignancies, and autoimmune dis-
ases (Table I). In a recent study of 242 patients with noninfectious
ryoglobulinemia vasculitis, connective tissue disease (Sjögren’s
yndrome, followed by lupus and scleroderma) was  diagnosed in
0% of cases and a B-cell malignancy (chiefly marginal zone lym-
homa, B-cell non-Hodgkin’s lymphoma, and lymphoplasmacytic

ymphoma) in 22% of cases, with the remaining 48% of patients
eing classified as having idiopathic cryoglobulinemia [16]. Mixed

ype II or III cryoglobulinemia is not uncommon in patients with
rimary Sjögren’s syndrome but long remains asymptomatic. The
evelopment of vasculitis with cutaneous and peripheral nervous
ystem involvement should prompt an evaluation for lymphoma.
 I cryoglobulinemia, Mixed cryoglobulinemia, IgM++, IgG > IgA, B-cell non-Hodgkin’s
disease, marginal zone. . .), lymphoma (Sjögren’s, lupus), MGUS B-cell lymphoma,

Table 2 lists the main differences in the clinical and laboratory
features of simple (type I) and mixed (types II and III) cryoglobu-
linemia.

5. Prognosis

The course and outcome of cryoglobulinemia varies consid-
erably across individuals. The prognosis depends chiefly on the
severity of the organ involvement and more specifically of the renal,
gastrointestinal, cardiac, and/or central nervous system manifes-
tations. An underlying hematological malignancy is also a major
prognostic factor. In a retrospective study of 242 patients with
noninfectious symptomatic mixed cryoglobulinemia, compared to
the type III subgroup, the type II subgroup was characterized by
higher prevalences of purpura, renal involvement, and peripheral
neurological involvement; higher cryoglobulin concentrations; and
lower C3 and C4 concentrations [16].

Among the manifestations of cryoglobulinemic vasculitis, the
gastrointestinal and myocardial involvements lead to the high-
est risk of death. Prognostic factors in early case-series studies
included age older than 65 years and renal involvement. In keeping
with these data, a more recent study of noninfectious mixed cryo-
globulinemic vasculitis found poorer outcomes in patients with
pulmonary involvement, gastrointestinal involvement, a creatinine
clearance below 60 mL/min, and age older than 65 years [16]. Sur-
vival rates after 1, 2, 5, and 10 years were 91%, 89%, 79%, and 65%,
respectively.

The main causes of death in patients with HCV-related cryoglob-
ulinemic vasculitis are infections related to immunosuppressive
therapy, liver cirrhosis, cardiovascular involvement, and severe
renal dysfunction. The main adverse prognostic factors reported to
date are severe hepatic fibrosis (METAVIR Score ≥ 3) and involve-
ment of the central nervous system, kidneys, or heart (hazard
ratios: 2.7, 1.9, and 4.2, respectively) [17].

6. Treatment strategy

6.1. Type I cryoglobulinemia
In patients with symptomatic cryoglobulinemia type I, the
treatment strategy focuses on the underlying hematological malig-
nancy. Thus, lymphoma requires combination chemotherapy and
myeloma treatment with drugs such as bortezomib, thalidomide,
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enalidomide, or alkylating agents [18]. Autologous bone marrow
ransplantation may  be in order in myeloma-related cryoglobuline-

ia. IgG MGUS, which indicates plasma cell proliferation, is treated
ith those myeloma drugs that target the plasma cells, whereas

ituximab is generally preferred for IgM MGUS, which indicates
ymphoplasmacytic proliferation [19]. Plasma exchange therapy is

arranted in selected patients with severe renal involvement or
xtensive leg necrosis [21]. Exposure to low temperatures exac-
rbates cryoglobulin formation and should therefore be avoided
20,21].

.2. Mixed cryoglobulinemia

.2.1. HCV-related cryoglobulinemia vasculitis
Sustained suppression of HCV replication is associated with a

ignificantly higher rate of complete clinical remission in patients
ith cryoglobulinemia vasculitis [22]. In studies reported in

011 and 2013, antiviral therapy combining pegylated interferon
PegIFN) and ribavirin for 12 months produced a sustained virolog-
cal response in 50% to 60% of patients with HCV-related vasculitis
17,18]. Virological relapses after an initial response were usu-
lly accompanied with relapsing vasculitis [19]. When PegIFN
nd ribavirin were combined with direct-acting antivirals, i.e., an
S3/4A protease inhibitor such as boceprevir or telaprevir, the

ate of sustained virological response increased to 65%–70% in
atients infected with HCV genotype 1 [13,14]. Prolonged therapy
48 weeks) was required however, and the rate of serious adverse
vents was 47% [13].

The introduction of other direct-acting antivirals has radically
ransformed the management of HCV-related cryoglobulinemic
asculitis. All these new drugs allow substantially shorter treat-
ents, without interferon, and produce sustained virological

esponse rates greater than 95% with relatively few adverse
ffects. In the earliest open-label prospective study, 24 patients
ith HCV-related cryoglobulinemic vasculitis, including 50% with
CV genotype 1 and 50% with cirrhosis of the liver, combined

ofosbuvir and ribavirin therapy induced a complete clinical remis-
ion in 87.5% of cases with a sustained virological response
2 weeks after treatment discontinuation in 74% of patients
15].

Other studies of these new antivirals showed similar results,
ith high rates of virological response and clinical vasculitis remis-

ion [23–25]. In 44 consecutive patients with vasculitis related to
he HCV (genotypes 1, 2, 3, and 4 in 23, 13, 5, and 3 patients, respec-
ively), the treatments used were sofosbuvir with ribavirin alone
n = 18) or with simeprevir (n = 12), ledipasvir (n = 10), or daclatasvir
n = 4), combined in 9 patients with ribavirin [17]. Low-dose ritux-
mab was given to 2 patients with severe vasculitis. After 12 and
4 weeks, the HCV was undetectable and all patients had a clinical
asculitis response. The mean Birmingham Vasculitis Activity Score
ecreased from 5.41 at baseline to 2.35 at week 4, 1.39 at week 12,
nd 1.27 at week 24. The mean cryocrit value fell from 7.2% at base-
ine to 1.8% at week 24. Adverse drug events were recorded in 59%
f patients but all were minor except 1 case of ribavirin-related
nemia requiring blood transfusion.

Despite the marked efficacy of antivirals on the symptoms
f HCV-related cryoglobulinemic vasculitis, immunosuppressive
rugs remain a valid option in selected patients. Immunosuppres-
ant therapy is indispensable in patients with severe vasculitis
anifestations such as severe kidney dysfunction, skin necrosis,

nd/or involvement of the gastrointestinal tract or central nervous
ystem. Rituximab has demonstrated greater efficacy than conven-

ional immunosuppressants or placebo therapy [20,21]. In earlier
tudies, adding rituximab to Peg-IFN and ribavirin shortened the
ime to clinical remission and increased the renal response and
ryoglobulin clearance rates [22,23].

[

oint Bone Spine 86 (2019) 707–713

Direct-acting antivirals should be viewed as first-line treat-
ments in patients with HCV-related cryoglobulinemic vasculitis.
Selection of the antiviral combination is guided by the clin-
ical manifestations of vasculitis, HCV genotype, and severity
of fibrosis. Rituximab targets the clonal B-cell population
upstream from cryoglobulin production and is also used to
treat severe vasculitis. Plasma exchange is indicated in patients
with refractory disease and/or severe organ involvement (rapidly
progressive glomerulonephritis, gastrointestinal vasculitis, severe
mononeuritis multiplex, or myocarditis) and/or severe cuta-
neous involvement (extensive ulcers, distal ischemia). Intravenous
methylprednisolone and immunosuppressants, notably cyclophos-
phamide, also deserve consideration in these very severe
forms.

Cryoglobulinemic vasculitis unrelated to HCV
Treatment at the case is the main focus in patients with symp-

tomatic mixed cryoglobulinemia unrelated to the HCV [22,23].
Infection should be managed with appropriate anti-infectious
agents. Rituximab combined with glucocorticoid therapy is the
first-line treatment in the event of autoimmune disease [16,26].
Plasma exchange therapy may  deserve consideration in patients at
the severe end of the clinical spectrum.

In conclusion, cryoglobulinemia is defined as the persistent
presence in serum of abnormal Igs that precipitate at low tem-
peratures then dissolve again when the temperature is increased.
Cryoglobulins are composed of either a monoclonal Ig (type I), a
complex formed by a monoclonal Ig bound to the constant domain
of polyclonal Ig heavy chains (type II), or only of polyclonal Igs (type
III). Patients with type I cryoglobulinemia should be investigated
for a hematological malignancy (myeloma or B-cell lymphoma,
notably lymphoplasmacytic lymphoma). Among the main diag-
noses to consider in patients with type II or III cryoglobulinemia,
HCV infection is the most common, followed by connective tissue
disease and B-cell non-Hodgkin lymphoma. The treatment strategy
depends on the cause of the cryoglobulinemia.
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