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Abstract: Within the past decade, it has been recognized that a 

majority of patients with essential mixed cryoglobulinemia (MC) 

are chronically infected with hepatitis C virus (HCV). Although the 

underlying mechanisms have not been fully elucidated, cryoglobu-

lin formation is clearly linked to the attempt of the host to clear 

the significant quantities of virions generated daily by the chronic 

infection. This review summarizes the current understanding of the 

relationship between chronic HCV infection and the development 

of MC, and discusses the interaction between the immune system 

and HCV and how this interaction can lead to the development of 

lymphoproliferative disorders. 

Hepatitis C virus (HCV) is a small single-stranded RNA 
virus with a prevalence of approximately 170 million 
people worldwide.1 It affects approximately 3.2 million 

Americans.2 Chronic infection with HCV causes the progression of 
liver disease from chronic hepatitis to cirrhosis, and liver failure, as 
well as possible development of hepatocellular carcinoma. Chronic 
HCV infection is now the leading indication for liver transplanta-
tion in the United States. Although much of the focus in chronic 
HCV infection has been centered on hepatic sequelae, it is now 
apparent that clinically significant extrahepatic manifestations are 
important in some patients.3 

Within the past decade, it has been recognized that a majority 
of patients with essential mixed cryoglobulinemia (MC) are chroni-
cally infected with HCV.4,5 Although the underlying mechanisms 
have not been not fully elucidated, cryoglobulin formation is clearly 
linked to the attempt of the host to clear the significant quantities 
of virions generated daily by the chronic infection.6 Thus, manage-
ment of these patients has focused on either the reduction of virus 
production, the elimination of immune complexes, the function of 
B cells, or the suppression of the inflammatory response of the host 
to the cryoglobulin immune complex. 

This review summarizes the current understanding of the rela-
tionship between chronic HCV infection and the development of 
MC. We discuss the interaction between the immune system and 
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HCV and how this interaction can lead to the develop-
ment of lymphoproliferative disorders. As more is learned 
about the key players in the immune response to chronic 
HCV infection, we are better able to target specific par-
ticipants in this pathway to treat the clinical manifesta-
tions of this disease. 

Cryoglobulins and Cryoglobulinemia

Cryoglobulins are serum proteins that precipitate at low 
temperatures and then redissolve during incubation at 
37ºC.7,8 The temperature at which the proteins precipitate 
is determined by the thermal amplitude.9 This in-vitro 
phenomenon can be observed in a spectrum of hemato-
logic, infectious, and rheumatologic disorders.8 

Different categories of cryoglobulins have been 
described that refer to their different immunologic com-
positions, and different clinical syndromes (cryoglobuli-
nemias) have been attributed to their occurrence. Type 
I cryoglobulins are complexes of a single monoclonal 
immunoglobulin (Ig), usually IgM. They account for 
10–15% of cryoglobulinemia syndromes.7,8 Type I cryo-
globulinemia is mainly found in patients with hematologic 
malignancies such as Waldenstrom macroglobulinemia 
and multiple myeloma. The clinical findings are those 
of increased serum viscosity, due to the fact that IgM 
is a relatively large molecule and the formation of large 
IgM complexes may lead to peripheral vessel occlusion, 
manifesting as stroke, Raynaud phenomenon, or ischemic  
limb ulcers.7 

Type II and type III cryoglobulins constitute MC. 
Type II is composed of polyclonal IgG and monoclonal 
IgM. Type III is composed of polyclonal IgG and/or 
polyclonal IgM. Type II accounts for 50–60% of cryo-
globulinemias, whereas type III accounts for 30–40%. 
The IgG component is always polyclonal with both kappa 
and lambda light chains. The IgM fraction in type II 
mounts kappa chains and usually possesses rheumatoid 
factor (RF) activity. The RF activity allows the IgM 
component to bind intact IgG at both the Fc and Fab 
fragments, conferring stability of circulating IgG-IgM 
immune complexes.7,10 The ability to bind the Fc frag-
ment of autologous IgG confers rheumatoid activity. 

MC is marked by a systemic vasculitis that damages 
small- and medium-sized arteries and veins of many dif-
ferent organs. The immune complexes, composed of dif-
ferent cryoglobulins, deposit in the vessel walls. Through 
the complement system, they mediate intense activation 
of the inflammatory response.11 Clinically, this systemic 
vasculitis can manifest as myriad symptoms, ranging 
from mild to severe, including purpuric skin eruptions 
that may become ischemic ulcers, polyneuropathy, glo-
merulonephritis, Raynaud phenomenon, and arthralgias. 

Despite the occasional association of this clinical spec-
trum with autoimmune, hematologic, or infectious (eg, 
hepatitis B virus [HBV]) diseases, it has historically arisen 
without any predisposing disorder and was thus termed 
“essential MC.” With the discovery of HCV in 1989, it 
quickly became evident that chronic infection with HCV 
accounted for at least 90% of cases of MC.4,5 Support-
ing the etiologic role of HCV, studies have demonstrated 
the presence of HCV antibody and HCV RNA in higher 
concentrations within the immune complexes than in the 
sera of MC patients.4

Pathogenesis

Hepatitis C Virus, Essential Mixed Cryoglobulinemia, 
and Cryoglobulinemic Vasculitis
Although overt symptoms of cryoglobulinemic vasculitis 
develop in only approximately 5% of chronic HCV infec-
tion cases,12 circulating mixed cryoglobulin complexes are 
much more common and are detected with a prevalence 
of 40–50% in chronic HCV-infected patients. Circulating 
immune complexes comprise HCV virions with low– or 
very low–density lipoproteins,13 IgG-IgM-RF antibody 
complexes, and complement. Significant geographic 
diversity appears among patients with HCV-related cryo-
globulinemia, with greater prevalence in southern Europe 
compared to northern Europe and North America. It is 
not clear whether this variability is related to differences 
in host or virus, or whether it reflects differences in the 
ability of local laboratories to detect cryoglobulins.  

Hepatitis C Virus–specific Effects on B Cells
A common hypothesis for HCV-related cryoglobuli-
nemia is chronic antigenic stimulation of the humoral 
immune system, which facilitates clonal B-lymphocyte 
expansion.10 However, other chronic viral infections, 
including HBV, are not associated with the same high 
prevalence.10 Furthermore, the B lymphocytes that accu-
mulate in peripheral blood in patients with HCV-related 
cryoglobulinemia consist of a naive, resting phenotype 
without evidence of activation.14 Nevertheless, global 
B-cell stimulation may still prove to be fundamental to 
HCV-related cryoglobulinemia.

A number of other possibilities have been proposed 
to explain the effects of chronic HCV infection on B cells. 
Peripheral blood mononuclear cells in patients chroni-
cally infected with HCV, and especially in those with 
cryoglobulinemic vasculitis, show a t(14:18) translocation 
that is responsible for Bcl-2 activation.15 This proto-onco-
gene increases B-cell survival by inhibiting apoptosis and 
could lead to increased B-cell quantities. The consequent 
expansion of B lymphocytes could explain the increased 
production of autoantibodies and cryoglobulins.



Gastroenterology & Hepatology Volume 3, Issue 9  September 2007  697

H E PA T I T I S  C  V I R U S - R E L A T E D  M I X E D  C R Y O G L O B U L I N E M I A

The HCV E2 envelope protein binds to the cell sur-
face glycoprotein CD81 that is present on B cells as well 
as on hepatocytes. Interaction with HCV E2 reduces the 
threshold for B-cell activation and might increase the fre-
quency of VDJ rearrangement in antigen-reactive B cells.

HCV-specific proteins also demonstrate molecular 
mimicry. NS5A and NS core proteins can simulate host 
autoantigens, possibility resulting in B-lymphocyte acti-
vation and autoantibody production.

Effector signals that enhance survival of immunocom-
petent cells are the subject of current major research. A newly 
described cytokine, B-cell activating factor of the tumor 
necrosis factor family (BAFF)—also known as B-lympho-
cyte stimulator,16 THANK, TALL-1, and zTNF4—may 
be important in HCV-related cryoglobulinemia, as well 
as several systemic autoimmune diseases, including rheu-
matoid arthritis (RA), primary Sjogren’s syndrome (pSS), 
and systemic lupus erythematosus (SLE). BAFF mRNA 
is present mainly in lymphoid tissue and is expressed by 
monocytes, macrophages, dendritic cells, and growth fac-
tor–stimulated neutrophils on exposure to interferons or 
CD40 ligand.17 BAFF mRNA, however, is absent from  
B cells.18,19 BAFF binds to three receptors selectively expres- 
sed by B cells: B-cell maturation antigen; transmembrane  
activator, calcium modulator, and cyclophilin ligand 
interactor; and BAFF receptor. BAFF has several effects on  
B cells: it plays a critical role in B-cell maturation,20 in long-
lived bone marrow plasma cell survival,21 in the promotion 
of humoral immune response,22 and in CD40–indepen- 
dent immunoglobulin class-switch recombination.17 

Autoreactive B cells are more dependent on BAFF for 
survival than alloreactive B cells.23-25 Because autoreactive 
B cells are associated with the development of autoim-
mune disorders such as SLE, RA, and pSS, as well as 
cryoglobulinemia, BAFF levels may be significant in the 
pathogenesis of these disorders. The recent demonstration 
of increased serum BAFF levels in SLE, RA, and pSS,26-29 
and, in at least two recent studies, elevated serum levels in 
chronic HCV patients compared to controls and patients 
with chronic HBV infection,30,31 strongly suggests that 
BAFF plays a role in HCV-related cryoglobulinemia. 
Interestingly, serum BAFF levels were even higher in 
those patients with chronic HCV infection and symptoms 
indicative of systemic vasculitis or mixed cryoglobuline-
mia, HCV-MC.30-32 Levels were also higher in type II than 
type III HCV-MC.30 

Source of Hepatitis C Virus–related  
Mixed Cryoglobulins
Expansion of RF-synthesizing B cells appears to be a 
hallmark of HCV-MC. RFs are tolerance-resistant  
autoantibodies directed against the Fc regions of IgG 
molecules. They appear to have a physiologic imm-

unoregulatory function in healthy individuals and 
transiently increase in chronic inflammatory diseases, 
implying a normal response to immune complexes. Con-
tinued production in disease states such as RA suggests a 
pathogenic significance.33 

Analysis of the Ig variable (IgV) gene in RF B cells 
in HCV-MC suggests antigen-driven expansion. IgV 
heavy and light chains are heavily mutated, suggesting 
germinal-center derivation. Most B-cell expansions dis-
play a complementarity determining region-3 (CDR-3) 
homologous to RF-CDR-3, suggesting derivation from a 
precursor strongly selected for auto-IgG specificity.

The B-cell receptor (BCR) ligand in HCV-MC could 
potentially develop in one of at least two ways. First, 
molecular mimicry due to shared epitopes between HCV 
and IgG-Fc domains may allow cross-reaction between 
a virus-associated immunodominant epitope and IgG 
autoantigen. Evidence for this has been demonstrated in 
several MC patients between HCV-NS3 and IgG-Fc.34 

Immunization with immune complexes can also result 
in generation of T-cell–dependent RF with high affin-
ity.35 Repetitive stimulation of RF-BCR by continuous 
production of IgG-HCV complexes could, thus, induce 
secretion of RF-IgM.36

In either event, the interaction between HCV and B 
and T cells is essential for the clearance of the more than 
1 trillion copies of virus produced daily6 and is likely to 
generate significant amounts of immune complexes that 
could lead to stimulation of high-affinity RF, as previously 
described. Polyclonal activation of CD5-positive cells are 
regarded as the major source of the IgM-RF molecule in 
type III MC.37 Emergence of a single dominant clone 
could explain type II.

Association with Non-Hodgkin Lymphoma 
The above discussion highlights the profound impact 
that chronic HCV infection has on B-cell stimulation 
and survival. Chronic HCV infection and HCV-associ-
ated MC have been closely associated with the develop-
ment of non-Hodgkin lymphoma (NHL).36,38-41 A recent 
study demonstrated a prevalence of 10% in NHL after 
a 10-year follow-up of a cohort of MC patients.42 NHL 
that arises in cryoglobulinemic patients is often a low-
grade lymphoma with bone marrow involvement, but 
can develop into a high-grade lymphoma phenotype. 
Extranodal involvement is common in the liver, salivary 
glands, and spleen. Regression following successful 
antiviral therapy of HCV with interferon has served to 
further strengthen the association.43 Although the driv-
ing force behind lymphoproliferation in chronic HCV 
infection is unclear, increased levels of BAFF may play 
a role. Mice transgenic for BAFF develop lymphocytic 
disorders, including lymphomas.44
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Clinical and Laboratory Manifestations  
of Cryoglobulinemia
HCV-associated cryoglobulinemic vasculitis manifests 
as a multitude of clinical symptoms affecting many dif-
ferent organs. Serum cryoglobulin or complement levels 
do not tend to correlate with disease severity. Typically, 
complement levels are low. It is generally assumed that 
this reflects systemic activation of the complement sys-
tem with consumption of its components CH50, C4, 
C1q, and a smaller decrease of C3.8 Tests for antinuclear, 
smooth-muscle, mitochondrial, and antineutrophil cyto-
plasmic antibodies are generally negative, whereas tests for 
RF are typically positive. 

Target Organ Involvement in Hepatitis C 
Virus–Mixed Cryoglobulinemia 

Cutaneous and Joint Involvement
Purpura is the most common clinical manifestation 
of MC, occurring in at least 90% of cases. Skin lesions 
often begin in the legs and may progress to deep ulcers 
in approximately 10% of patients.8 Purpuric lesions can 
also be found on the buttocks, trunk, and upper extremi-
ties, but they rarely involve the face.7 Itching is rare. Skin 
eruptions can be intermittent, and repeated episodes can 
lead to hyperpigmentation of the involved skin, whereas 
ulcers usually appear above the malleoli. Purpura is often 
preceded by paresthesiae or a prickling sensation in the 
involved limb.7 Progression of skin lesions to frank skin 
necrosis and gangrene can occur, but is less common 
(Figure 1).

Raynaud phenomenon occurs in up to one third of 
cases and involves hands, feet, lips, ears, and the tip of 

the nose. Arthralgia without arthritis is commonly expe-
rienced, typically affecting the proximal interphalangeal 
joints of the hands, metacarpophalangeal joints, knees, 
and hips.7 Sicca syndrome can be experienced clinically 
without the presence of autoantibodies often seen in 
Sjogren’s syndrome.

Neurologic Involvement
The neurologic manifestation of MC is most frequently 
peripheral neuropathy, commonly polyneuropathy, 
reportedly occurring in 36–86% of patients.7,45 The 
pathogenic mechanism of peripheral nerve damage has 
been postulated to be vasculitis of the vasa nervorum, as 
well as autoimmune nerve damage, with cases of demon-
strated demyelination.46 Abnormalities on electrophysi-
ologic studies can be readily detected and can often be 
progressive with involvement of new areas over time, even 
if overall cryoglobulin levels decline with therapy.45 There 
is no clear central nervous system involvement. However, 
cognitive function has been shown to be decreased in MC 
patients relative to nonaffected HCV patients.47 Abnor-
malities in periventricular white matter were more preva-
lent on brain magnetic resonance imaging of MC patients 
than unaffected HCV patients and healthy controls.

Renal Involvement
Renal impairment in MC is often due to membranop-
roliferative glomerulonephritis (MPGN) and is clinically 
evident in 20–30% of MC patients.7,8,10 Renal biopsy 
often demonstrates glomerular subendothelial deposits 
characteristic of type I MPGN; by immunofluorescence, 
these deposits are typically found to be composed of IgM, 
IgG, and C3.48 These subendothelial deposits are identical 
to the circulating complexes found in patients with type II 
MC.49 Other patterns on biopsy that have been described 
include subepithelial deposits typical of type III MPGN, 
membranous nephropathy, renal artery vasculitis, and 
tubulointerstitial inflammation and scarring.48,49

The clinical symptoms and signs of MC can pre-
cede the onset of renal involvement for years. The most 
common clinical findings from renal disease in MC are 
proteinuria with microscopic hematuria, moderate renal 
insufficiency, and hypertension. However, acute onset, 
marked by a sudden rise in creatinine with severe protein-
uria, is the first renal manifestation in approximately 25% 
of patients.49 Oliguria and dialysis requirement occur in 
a small minority of patients. HCV-associated MPGN 
can develop following liver and renal transplantation.48 

A recent report from a large Italian center showed age, 
serum creatinine, and proteinuria as independent risk 
factors for the development of progressive renal failure at 
follow-up.50 Renal involvement is commonly the greatest 
cause of morbidity in MC and often justifies more aggres-
sive treatment of the disease. 

Figure 1. Cutaneous necrotizing vasculitis consistent  
with cryoglobulinemic vasculitis on histologic examination  
in a chronic hepatitis C virus patient with a cryocrit  
measuring 42%.
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Endocrine Dysfunction
A variety of endocrine gland dysfunctions have been 
described to be more common in patients with HCV-
related MC than in age- and sex-matched controls.11 
The most well-described disorders are type II diabetes, 
hypothyroidism with positive antithyroid antibodies, and 
gonadal dysfunction. 

Correlation With Liver Disease Severity
MC tends to correlate with duration of HCV infec-
tion and older age. However, cryoglobulinemia and/or 
the presence of detectable cryoglobulins in the serum 
of HCV patients has been associated with increased 
risk of advanced fibrosis and cirrhosis in patients with 
chronic HCV infection, irrespective of age or disease  
duration.51-53 The presence of serum cryoglobulins has been 
shown to correlate with the severity of hepatic steatosis on  
liver biopsy.53

Complement, Symptomatic Hepatitis C  
Virus–Mixed Cryoglobulinemia, and the Liver
Complement proteins are produced constitutively by mac-
rophages and hepatocytes, and are differentially expressed 
in patients with chronic HCV and chronic HCV-related 
hepatocellular cancer.54 Hypocomplementemia has been 
described in association with hepatitis C viremia in 
healthy blood donors.55 Thus, complement may be the 
link between liver disease severity and HCV-MC.

The role of complement in the solubilization of 
immune complexes was first described by Miller and 
Nussenzweig.56 Complement solubilization is primarily 
mediated via the alternative pathway, but factors in the 
classic pathway accelerate the process. Components of the 
membrane attack complex are not involved. Through the 
alternative pathway, C3b is deposited over antigen-anti-
body complexes, breaking down peptide bonds that are 
associated with precipitation. As a result, small immune 
complexes are formed that are rich in C3b, which then 
degrades to inactive, soluble C3bi. Thus, the resulting 
soluble complexes are less able to bind to C3b receptors 
or set up inflammatory reactions. The complement-solu-
bilized immune complexes that lose their binding affinity 
for C3b receptors and Fc receptors are able to bind to 
macrophages via C3bi receptors. These complement-solu-
bilized immune complexes are removed from circulation 
by Kupffer cells in the liver.57-59 There is evidence to sug-
gest that IgG-antigen complexes that are not solubilized by 
complement are deposited outside the reticulo-endothelial 
system.60 This may be especially relevant in patients with 
compromised or deficient complement function58 and has 
been demonstrated in patients with chronic renal failure 
on hemodialysis.61

Complement solubilization of immune complexes 
could provide an explanation for the observation that sym-

ptomatic HCV-MC correlates with advanced liver disease 
when synthesis by hepatocytes might be expected to be 
low. Furthermore, reduced HCV clearance might increase 
de novo infection and the infected hepatocyte mass. 

Mannan-binding lectin (MBL) is a pattern recogni-
tion molecule that binds micro-organisms via interac-
tions with glycans on the target surface. Bound MBL 
subsequently activates MBL-associated serine protease 
proenzymes (MASPs) and can activate complement 
via a specific MBL pathway.62 A role for MBL in HCV 
infection has been indicated by studies examining MBL 
levels and polymorphisms in relation to disease progres-
sion and treatment response. HCV encodes two highly 
glycosylated envelope proteins, E1 and E2, which are 
potential targets for interaction with MBL. Mutant 
MBL2 haplotypes have been linked to disease progression 
and response to therapy in HCV infection. Median values 
of MBL/MASP-1 complex activity were higher in sera 
from patients with liver disease than in healthy controls. 
MBL/MASP-1 complex activity levels correlated with 
severity of fibrosis after adjusting for confounding factors 
(P=.003). MBL/MASP-1 complex activity was associated 
more significantly with fibrosis than MBL concentration. 
The potential role of MBL/MASP-1 complex activity 
in HCV disease progression may reflect the importance 
of this pathway in the clearance of HCV and Ig-HCV 
immune complexes.63,64

We recently analyzed clinical data from 43 patients 
with HCV-related cryoglobulinemia who presented to 
our large hepatitis C referral center.65 These patients were 
identified from one or more of the standard clinical triad: 
purpura, neuropathy, or polyarthralgias. In several patients, 
cryoglobulinemia was detected only after repeat testing 
at a number of different laboratories, reflecting the high 
frequency of errors in serum collection and preparation in 
the detection of cryoglobulins in clinical samples. A sepa-
rate study found the most common laboratory errors in 
the detection of cryoglobulins to be loss of cryoglobulins 
due to failure of proper separation of serum from whole 
blood, loss of cryoprecipitate due to refrigeration before 
centrifugation, and an inadequate volume of serum for 
testing cryoglobulins at low levels.9 Our study confirmed 
the presence of advanced cirrhosis or fibrosis, which have 
been frequently reported in these patients.12,51,66 Our 
study also underscored the very low complement levels 
associated with symptomatic HCV-MC.

Treatment Options

Therapy should be initiated for patients with symptomatic 
MC, and is directed both at the virus and at the immune- 
mediated inflammation. Patients with mild to moder-
ate cryoglobulinemic symptoms (purpura, arthralgias, 
peripheral sensory neuropathy) are typically managed 
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with low doses of steroids. More severe manifestations, 
including skin ulcers, motor neuropathy, glomerulone-
phritis, and disseminated vasculitis, warrant rapid and 
aggressive therapy to control the widespread immune 
devastation. Initial treatment with high-dose steroids 
is often initiated along with plasma exchange as a more 
attractive option to immunosuppression with agents such 
as cyclophosphamide.67 Plasma exchange works rapidly 
and effectively at halting the progression of several of the 
severe manifestations of cryoglobulinemic vasculitis.11 

Plasma exchange is often used repeatedly in the first few 
weeks of therapy but is not a good long-term option, 
given the need for continued intravascular access and its 
inherent complications.

Antiviral Therapy
Although steroids and plasma exchange are effective at 
gaining initial control of systemic inflammation, therapy 
directed against HCV is the mainstay of long-term con-
trol of both the hepatic and extrahepatic manifestations 
of chronic infection with HCV. Antiviral therapy should 
be started after systemic vasculitis has come under initial 
control with immunosuppression and/or plasma exchange, 
as the disease can be exacerbated with the initiation of 
interferon (IFN) therapy in some patients.68,69 Increased 
BAFF levels due to IFN provides a ready explanation for 
these observations.17

IFN alfa monotherapy can reduce viral load and 
induce clinical improvement in MC. However, relapse 
within a few months of therapy withdrawal is common.70 
Therapy with pegylated IFN (PEG-IFN) and ribavirin 
has significantly increased sustained virologic response 
(SVR) to therapy.71,72 In general, patients with HCV-MC 
who achieve SVR also achieve prolonged clinical remis-
sion. However, at the end of a 6-month follow-up study, 
several patients developed asymptomatic relapse in their 
cryocrit. This cohort of patients had a mix of HCV geno-
types, leading to an overall SVR rate that was lower than 
the rate found in non-MC HCV patients.73 A second 
author found both SVR and subsequent clinical remission 
rates that appeared superior to conventional SVR rates 
for HCV patients without HCV-MC.74 These patients 
were treated with a higher dose of PEG-IFN alfa-2b for 
approximately 6 weeks longer, which may have contrib-
uted to the higher SVR rate. One patient who relapsed 
was controlled again with re-initiation of therapy. Several 
patients who achieved SVR and clinical remission still had 
cryoglobulins detected at the end of the study. It is not 
clear at this time whether PEG-IFN and RBV therapy can 
produce long-term remission of HCV-MC and whether 
achieving SVR means that patients are free from the risk 
of relapse of their HCV-MC symptoms.

Rituximab
Rituximab (Rituxan, Genentech) is a humanized 
murine monoclonal antibody that binds to CD20, a 
transmembrane protein expressed on the surface of pre-B 
lymphocytes and mature lymphocytes. Potential mecha-
nisms that govern rituximab elimination of B cells include 
antibody-dependent cellular cytotoxicity, complement-
dependent cytotoxicity, and apoptosis. Treatment with 
rituximab at a dose of 375 mg/m2 weekly for 4 consecu-
tive weeks results in B-cell reduction to less than 1% of 
peripheral mononuclear blood cells, with recovery of 
B-cell counts approximately 6–9 months after therapy.75 
Rituximab has become part of the standard treatment 
regimens used in a variety of B-cell NHL and chronic 
lymphocytic leukemia therapies.76 The B cells targeted by 
rituximab are in late pre–B-cell development and do not 
include plasma cells not expressing CD20.77 Elimination 
of these cell lines proves particularly effective in reducing 
IgM production.78 Thus, rituximab has been used as an 
agent to target autoimmune diseases in which antibodies, 
and especially RF activity, play a pivotal role in patho-
genesis.78-80

The safe and effective use of rituximab in MC 
associated with chronic HCV infection has been dem-
onstrated in a number of studies (Table 1).75,81-85 In one 
study, rituximab induced complete or partial response 
in most symptom categories evaluated, with the major-
ity of patients experiencing clinical benefit.82 Therapy 
with rituximab also allowed most patients to discontinue 
maintenance therapy with corticosteroids. In another 
study, 80% of patients achieved complete response within 
4 months of rituximab therapy, with their skin, joint, 
and neuromuscular symptoms showing strong response 
to treatment. The only patient with renal involvement 
in this study did not respond.75 A high response rate was 
observed in a third study that involved a small number of 
HCV-MC patients with glomerulonephritis who received 
rituximab.83 Most of the patients in the above studies 
experienced durable clinical remission. The average time 
to relapse was approximately 7 months.83

Significant reductions in serum levels of IgM, 
cryoglobulins, and RF were demonstrated with a rise 
in C4 levels, indicating reduced formation of immune 
complexes. No significant changes in IgG or IgA levels 
were noted. These results are consistent with rituximab’s 
lack of effect on plasma cells, the main source of IgG and 
IgA in serum. This pattern of immunologic response has 
also been described in other series of HCV-MC patients 
treated with rituximab.76,83

Several studies have demonstrated increased HCV 
viral levels with rituximab therapy, with some patients 
experiencing small rises in serum aminotransferases.75,82,86 
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However, a brief report failed to demonstrate a significant 
increase.83 Complications of NHL therapy with rituximab, 
manifested by increased levels of HCV RNA in blood 
have been recently reported.87 Nevertheless, the authors 
concluded that rituximab was safe in HCV-MC patients. 
One patient developed retinal artery thrombosis,82 leading 
the other investigators to treat the patients on rituximab 
with aspirin.83 Two cases of disseminated opportunistic 
infections (which resulted in 1 death) in immunosup-
pressed renal transplant patients who received rituximab 
as rescue therapy for MC have been reported.84 Although 
effective at controlling the systemic phenomena of MC, 
rituximab should be used with caution in patients already 

Study
Number of 
patients (n) Outcomes

Sansonno et al.75 20

• All received prior IFN α therapy
• 80% achieved CR,* with a variety of symptoms 
• Profound B-cell depletion demonstrated with recovery after 6 mos
• Response maintenance at 12 mos was 75%; relapse rate was 25% at average of 7 mos

Lamprecht et al.81 1

• 45 y woman with purpura, arthralgia, polyneuropathy, and NHL 
• Prior failed IFN α-2b and RBV and cytoxan therapies 
•  Remission induced with 6 rituximab infusions; maintained in remission on PEG-IFN 
α-2b and RBV for 1 year after

Zaja et al.82 15

• 12/15 HCV-positive pts
• Rapid response of purpura in all patients
• Complete but delayed response in neuropathy
• 2 CR and 1 PR in NHL
• Steroid-sparing effect shown
• 1 patient with acute retinal artery thrombosis after infusion #2

Roccatello et al.83 6
• 5 pts with MPGN; all responded 
• Complete reversal of BM abnormalities in 3/3 pts
• 2 symptomatic relapses >1 yr after rituximab

Basse et al.84 7

• All pts post–renal transplant; 5 HCV-positive
•  2 pts received 4 rituximab infusions and developed disseminated opportunistic  

infections (1 pt died) 
•  5 pts received 2 rituximab infusions. 2/5 CR; 3/5 improvement with follow-up  

of 3–19 mos.

Quartuccio et al.85 5

• All 5 pts had MPGN and responded
• 3 relapses at 5–12 mos postrituximab
• 2 pts responded to maintenance doses of rituximab
• 1 pt had repeat renal biopsy postrituximab with significant improvement

taking significant immunosuppressive therapy, such as in 
the posttransplant setting.

Several recent reports regarding HBV virus reactiva-
tion during rituximab therapy suggest that caution may 
be warranted in patients with markers of current or past 
HBV infection, including antibody to hepatitis B surface 
antigen.88-98 Concomitant antiviral therapy for HBV 
in at-risk patients may prevent reactivation.89 The use 
of rituximab in 2 patients with SLE has been recently 
linked to the development of progressive multifocal 
leukoencephalopathy.99 These reports also highlight a 
potential role for B cells in the control of other chronic 
viral infections.

Table 1.  Studies Using Rituximab As Therapy for Mixed Cryoglobulinemia

*Complete response (CR) defined as reduction of cryocrit to less than 75% of initial value and at least two of the following: disappearance  
of purpura or arthralgia, or weakness or improvement of neuropathy.

IFN=interferon; RBV=ribavirin; NHL= non-Hodgkin’s lymphoma; PEG=pegylated; HCV=hepatitis C virus; MPGN= membranous 
proliferative glomerulonephritis; BM=basement membrane; PR=partial response.   
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