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Abstract: Cryoglobulinemia is thought to be a rare condition. It may be an isolated disorder or
secondary to a particular disease. According to immunoglobulin composition, cryoglobulinemia
is classified into three types. In mixed cryoglobulinemia (types II and III), vascular deposition
of cryoglobulin-containing immune complexes and complement may induce a clinical syn-
drome, characterized by systemic vasculitis and inflammation — cryoglobulinemic vasculitis
(CryoVas). Most common clinical manifestations in CryoVas are skin lesions (orthostatic pur-
pura and ulcers), weakness, peripheral neuropathy, Raynaud’s phenomenon, sicca syndrome,
membranoproliferative glomerulonephritis, and arthralgia and seldom arthritis. In patients with
mixed cryoglobulinemia, prevalence of anti-hepatitis C virus (HCV) antibodies and/or HCV
RNA, detected by polymerase chain reaction (PCR), is reported to be up to 90%, indicating a
significant role of HCV in the development of this condition. The goals of therapy for mixed
cryoglobulinemia include immunoglobulin level reduction and antigen elimination. CryoVas
not associated with HCV infection should be treated according to treatment recommendations
for small-vessel vasculitides. CryoVas associated with chronic HCV infection should be treated
with antivirals along with immunosuppressive drugs, with or without plasmapheresis, depending
on disease severity and organ involvement. Patients who do not respond to first-line therapy may
achieve remission when treatment with rituximab is started as second-line therapy. In HCV-
related CryoVas, antiviral therapy should be given along with rituximab in order to achieve
complete or partial remission. Moreover, rituximab has proven to be a glucocorticoid-sparing
medication. Other potential therapies for refractory CryoVas include mycophenolate mofetil
and belimumab, while tumor necrosis factor (TNF) inhibitors are not effective.
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Introduction

Cryoglobulins are proteins that become insoluble and typically precipitate at tempera-
tures below normal body temperature and dissolve back into the serum upon rewarm-
ing. Cryoglobulins are either immunoglobulins or a mixture of immunoglobulins and
complement components.! They should be distinguished from cryofibrinogen, which
is typically composed of a mixture of fibrinogen, fibrin, fibronectin, and fibrin split
products. When patient’s serum and plasma, refrigerated at 4°C for up to 72 hours,
form a precipitate, then the precipitated proteins are referred to as cryoglobulins. On
the other hand, cryofibrinogen precipitates only in plasma and not in the serum. Cryo-
fibrinogenemia may be primary (essential) or secondary to other underlying disorders,
such as carcinoma, infection, vasculitis, and connective tissue disease, or associated
with cryoglobulinemia.

submit your manuscript

Dove “ in n

http:

Journal of Inflammation Research 2017:10 49-54 49
© 2017 Ostojic and Jeremic. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Ostojic and Jeremic

Dove

Classification of cryoglobulinemia
Cryoglobulinemia can be associated with various diseases
such as multiple myeloma, Waldenstrém’s macroglobulin-
emia, lymphoma, hepatitis C virus (HCV) infection, and
connective tissue diseases (primarily rheumatoid arthritis
and Sjogren’s syndrome). Cryoglobulinemia associated with
a particular disease is known as secondary cryoglobulinemia.
On the other hand, it may be an isolated condition, named
essential (or idiopathic) cryoglobulinemia.

According to immunoglobulin composition, cryoglobuli-
nemia is classified into three types: type I cryoglobulinemia
(composed of only one monoclonal immunoglobulin, usually
immunoglobulin M [IgM] or, less frequently, immunoglobu-
lin G [IgG], immunoglobulin A [IgA], or light chains) and
type II and type III cryoglobulinemia (commonly termed
as mixed cryoglobulinemia, containing IgM rheumatoid
factor [RF], an antibody with activity toward the Fc frag-
ment of IgG immunoglobulins).! Type II cryoglobulinemia
is characterized by monoclonal immunoglobulins with RF
activity, while polyclonal RF is typically present in type III
cryoglobulinemia. Type I cryoglobulinemia is associated
with lymphoma, Waldenstrém’s macroglobulinemia, and
multiple myeloma. On the other hand, mixed cryoglobuline-
mia may be associated with infections (mainly hepatitis C)
and autoimmune or lymphoproliferative disorders and rarely
may be idiopathic (essential). Chronic HCV infection was
found to be the underlying disorder in most of the cases of
mixed cryoglobulinemia. The prevalence of serum anti-HCV
antibodies and/or HCV RNA, detected by polymerase chain
reaction (PCR), in patients with mixed cryoglobulinemia is
reported to be between 70% and 90%, indicating a leading
role of HCV in the development of this rare condition.** HCV
probably exerts a chronic stimulus of the immune system and
may trigger RF production. Moreover, HCV may be involved
in the pathogenesis of organ-specific and systemic autoim-
mune diseases, as well as lymphoproliferative disorders. It
was shown that antiviral therapy improves the outcomes of
HCV-associated B-cell non-Hodgkin lymphoma (NHL),
which confirms the causal relationship between HCV infec-
tion and the development of NHL.> Therefore, all patients
with cryoglobulinemia, regardless of the underlying disorder,
should be tested for HCV infection.

Pathogenetic role of cryoglobulins

Cryoglobulins can cause organ and tissue damage by
several mechanisms. Circulating large cryoproteins may
lead to increased blood viscosity, which may result in
hypoperfusion. This mechanism is commonly seen in type

I cryoglobulinemia, primarily in Waldenstrém’s macroglobu-
linemia and multiple myeloma.® Confusion, mental status
changes, and neurologic symptoms result from decreased
cerebral blood flow. Other clinical manifestations include
mucosal bleeding, visual changes, and cardiopulmonary
symptoms (shortness of breath, hypoxemia, and congestive
heart failure). However, patients with type I cryoglobuli-
nemia are asymptomatic until the level of cryoglobulins is
sufficiently high to cause hyperviscosity syndrome.

Another mechanism of tissue damage is cryoprecipita-
tion in vivo, with plugging and thrombosis of small arteries
and capillaries in the extremities (causing gangrene) and
glomeruli (leading to acute renal failure).

In mixed cryoglobulinemia (types II and III), vascular
deposition of cryoglobulin-containing immune complexes
and complement may induce a clinical syndrome, character-
ized by systemic vasculitis and inflammation — cryoglobu-
linemic vasculitis (CryoVas).” CryoVas may be classified
in the subgroup of small-vessel systemic vasculitides. The
leukocytoclastic vasculitis is the histopathological hallmark
of CryoVas.® While complement activation by immune com-
plexes is probably the main pathogenic pathway of CryoVas,
contribution of hemorheological disturbances due to high
blood viscosity and cryoprecipitation should not be under-
estimated in mixed cryoglobulinemia.’ Furthermore, it was
shown that vasculitis in cryoglobulinemia can be caused by
immunoglobulins in the absence of antigens, indicating the
possibility of a pathogenic pathway distinct from immune
complex-mediated inflammation.'* Chronic HCV infection
is the most frequent cause of mixed cryoglobulinemia and
CryoVas.

Clinical features of CryoVas

Cryoglobulinemia is thought to be a rare condition. The
prevalence of essential mixed cryoglobulinemia is reported
to be ~1:100,000, with a female-to-male ratio of 3:1.!!
Mixed cryoglobulinemia (types II and III) represent nearly
75% of all cases.! Symptoms and signs of CryoVas vary
among patients. Most common clinical manifestations, pres-
ent in >90% of patients, include skin lesions, in particular
orthostatic purpura and ulcers, weakness, and arthralgia.*!?
Peripheral neuropathy and chronic hepatitis due to HCV
infection (which is the most common underlying disorder in
mixed cryoglobulinemia) are frequently found.!*!* Raynaud’s
phenomenon and Sicca syndrome are present in 30—-50%
of patients, while non-erosive arthritis is rare.'”> However,
prognosis and survival mainly depend on kidney involve-
ment (membranoproliferative glomerulonephritis). Clinical
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manifestations of CryoVas are comparable in patients with
type Il and type III mixed cryoglobulinemia.* Prognosis also
depends on the underlying disease. For instance, patients
with chronic HCV infection have a better prognosis if they
respond to antiviral therapy. On the other hand, patients with
renal disease or lymphoproliferative or plasma cell disorders
have a worse prognosis.

The detection of mixed (IgG—IgM) cryoglobulins in
the serum is necessary for a correct diagnosis of mixed
cryoglobulinemia. A combination of circulating mixed
cryoglobulins, low C4, and orthostatic skin purpura is highly
suggestive of CryoVas. Whenever possible, skin biopsy of
recent vasculitic lesions should be done. A leukocytoclastic
vasculitis, involving small-sized blood vessels (arterioles,
capillaries, and venules), is the typical pathological finding.*

Treatment goals for CryoVas

Treatment strategy in patients with cryoglobulinemia depends
on the type of the disease. In secondary cryoglobulinemia,
treatment of the underlying disease is crucial. For instance,
chemotherapy usually reduces immunoglobulin levels and
their contribution to hyperviscosity syndrome in patients with
lymphoproliferative disorders and type I cryoglobulinemia. On
the other hand, in mixed cryoglobulinemia (type II and type
III), treatment strategy is mainly based on anti-inflammatory
and immunosuppressive therapies. The goals of therapy for
CryoVas include immunoglobulin level reduction and antigen
elimination. The first objective may be achieved using immu-
nosuppressive medications, while the second objective depends
on whether the antigen is known or not. In HCV-associated
CryoVas, antiviral therapy reduces antigens. However, in auto-
immune diseases, a potential antigen is usually unrecognized
and nonspecific immunosuppressive drugs are only used.

Treatment of CryoVas associated
with HCV infection

CryoVas associated with chronic HCV infection should be
treated with antivirals along with immunosuppressive drugs,
with or without plasmapheresis, depending on disease sever-
ity and organ involvement.'® Interferon-free treatment with
direct-acting antiviral drugs is recommended for most HCV
genotypes. A combination of interferon-free antiviral drugs
(sofosbuvir plus ribavirin) improves skin, peripheral nerve,
and joint and kidney manifestations in HCV-related Cryo-
Vas.!¢ However, treatment for patients with HCV genotype
6 involves direct-acting antiviral drugs, taken with pegylated
interferon injections. First-generation protease inhibitors are
no longer recommended.'”

The use of immunosuppressive drugs in the treatment
of CryoVas, associated with chronic HCV infection, may
worsen the underlying infection. However, antiviral agents
as the only therapy are not sufficient to treat clinical mani-
festations of vasculitis. Reaching just one of the treatment
goals —reduction of antigens — by using anti-infective drugs
only may result in less remission and higher possibility of
relapses. Moreover, despite the successful elimination of
viral antigens, vasculitis can persist, as secreted immu-
noglobulins may have properties of cryoglobulins in the
absence of complementary antigens.!® It is not completely
clarified, whether antiviral and immunosuppressive treat-
ments should be administered simultaneously or sequen-
tially, due to possible adverse events. Some authors suggest
only antiviral drugs in mild forms of HCV-related CryoVas,
while in patients with severe vasculitis rituximab, with or
without plasmapheresis, should be used in combination
with antiviral therapy. Other immunosuppressive agents
are recommended only in cases of refractory CryoVas.'® In
patients with membranoproliferative glomerulonephritis,
as a clinical feature of HCV-related CryoVas, immunosup-
pressive drugs are recommended only in case of nephrotic
syndrome or rapidly progressive renal failure. In milder
forms of nephropathy, only antivirals should be used.'** We
are still searching for an ideal effective and safe combination
of antiviral and immunosuppressive drugs, since CryoVas is
arare disease, with only few controlled clinical trials in the
literature. This applies in particular to CryoVas associated
with autoimmune diseases.

Treatment of CryoVas not

associated with HCV infection

CryoVas not associated with HCV infection should be treated
according to treatment recommendations for small-vessel
vasculitides. Therapy depends on severity of initial mani-
festations. In life-threatening diseases, immunosuppression
with glucocorticoids and cyclophosphamide pulse therapy,
with or without plasmapheresis, is advised as initial therapy.
In mild disease manifestations, methotrexate as a less toxic
immunosuppressive drug is recommended."

Assessment of treatment response

Evaluation of treatment response is difficult because pub-
lished studies are heterogeneous, in terms of inclusion criteria
(patients have different clinical manifestations of CryoVas at
baseline), remission criteria (clinical, viral, and immunologi-
cal), and immunosuppressive drugs that were given.?'> To
define remission, in some studies, the Birmingham Vasculitis
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Activity Score (BVAS) was used as an assessment tool.?-?>?4
In other studies, efficacy of treatment was estimated by evalu-
ation of particular clinical manifestation — orthostatic purpura
and/or skin ulcers, peripheral neuropathy, arthralgia, serum
creatinine, proteinuria, and/or hematuria in patients with
renal involvement.?*?® Virological remission was evaluated
by levels of HCV RNA in serum, as well as in the cryopre-
cipitate.?!?*2® Some studies measured the level of depletion
of B-lymphocytes after administration of rituximab.?!-226.28
Some authors assessed the levels of cryoglobulins and RF
as immunological parameters of treatment efficacy.?!-2+2628
Interestingly, one study did not find any relationship between
levels of cryoglobulins and vasculitis relapse.?!

Rituximab in CryoVas associated
with HCYV infection

Rituximab is a monoclonal antibody that binds to the
CD20 protein on the surface of B-cells in various stages
of differentiation. Mature and activated plasma cells do not
contain CD20 on their surface and therefore are not targeted
by the drug. The positive effect on CryoVas is achieved by
depletion of B lymphocytes, which produce polyclonal or
monoclonal RF in type II and type III cryoglobulinemia.
Consequently, rituximab reduces formation of immune
complexes. In two studies, patients with HCV-associated
CryoVas, affecting the skin, peripheral nerves, and kid-
neys, who did not respond or did not tolerate therapy with
interferon-alpha and ribavirin, were treated with ritux-
imab.?!?? In the first study, rituximab was applied at a dose
of 375 mg/m? weekly for 4 weeks.?! Efficacy and safety
of rituximab, added to previous ineffective immunosup-
pressive therapy, were compared with results of treatment
in a control group. Patients in the control group were
maintained on any immunosuppressive therapies that they
were receiving at the time of enrollment and were allowed
to increase or initiate new immunosuppressive treatments
as needed to manage worsening disease activity. After
6 months of follow-up, remission was achieved in 83% of
patients in the rituximab subgroup compared to only 8%
of patients treated with other conventional immunosup-
pressive drugs.?! In the second study, patients were treated
with two doses of 1,000 mg, separated by 2 weeks.?? Drug
survival after 24 months was significantly higher in patients
treated with rituximab compared to those treated with
other immunosuppressive medications (64% vs 3.5%).%
In both studies, rituximab has proven to be successful as
a drug with glucocorticoid-sparing effect. In addition, if
used after conventional immunosuppressive treatment,

rituximab was less effective to induce remission, with
more frequent relapses, compared to patients treated with
rituximab as an initial immunosuppressive drug.? In both
studies, rituximab did not cause worsening of the underly-
ing infectious disease.?!"?

Some trials assessed efficacy of the PIRR protocol (con-
comitant treatment with Pegylated Interferon, Ribavirin,
and Rituximab) in patients with HCV-associated CryoVas.
The PIRR protocol showed to be more effective as an initial
treatment in patients with skin, peripheral nerve, and kidney
involvement compared to antiviral therapy with pegylated
interferon and ribavirin only.?® Complete remission was
noticed more frequently among patients treated with PIRR
(54.5% vs 33.3%). Cryoglobulinemia was more evident in
patients treated with antivirals only, despite the HCV anti-
gen reduction. Moreover, long-lasting positive effects of the
PIRR protocol have been proven.?® In another study, PIRR
protocol was compared to rituximab monotherapy. Com-
pared to patients on rituximab monotherapy, more patients
treated according to the PIRR protocol achieved complete
clinical remission (80% vs 58%), partial clinical remission
(15% vs 9%), and complete immunological remission (67%
vs 46%). Virological remission was achieved in 55% of
patients treated with PIRR protocol.?* Several case reports
presented successful use of rituximab in severe and refrac-
tory forms of CryoVas associated with HCV infection, to
treat different clinical manifestations or to treat patients with
significant comorbidities such as compensated liver cirrhosis
or lymphoma.?3

Rituximab in CryoVas not

associated with HCYV infection

Patients with CryoVas not related to HCV infection, affect-
ing skin, peripheral nervous system, and kidneys (two-third
with severe renal involvement), refractory to first-line therapy
with glucocorticosteroids and azathioprine, were afterward
successfully treated with rituximab and retreated when nec-
cessary.*® In another retrospective study, rituximab proved
to be effective in the treatment of nephropathy caused by
CryoVas (improvement in 95% of patients, complete remis-
sion in 50% of patients) and in one patient with abdominal
vasculitis, which is a severe form of CryoVas.”” Data from
the CryoVas survey demonstrated a significant corticosteroid-
sparing effect of rituximab in patients with this form of the
disease.’® Efficacy in non-HCYV infection-associated CryoVas
was also demonstrated in case reports.*** One case report
showed efficacy of rituximab in CryoVas associated with
hepatitis B viral infection, which is a quite rare condition.*
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Safety of rituximab in CryoVas
According to several studies, rituximab seems to be a safe
medication in patients with CryoVas, including in those
with chronic HCV infection.?31:343¢40 Severe adverse
effects (fulminant hepatitis in HCV liver cirrhosis, serious
infections, and sepsis) were rarely noticed when applied for
primary glomerulonephritis treatment.?63%442 Respiratory
infections were slightly more frequent, as well as cyto-
penias, when rituximab was applied along with antiviral
drugs.3?334 In some patients with HCV-related CryoVas,
severe systemic reactions after administration of rituximab
have been noticed.>”* It is believed that rituximab may form
a complex with [gM-kappa mixed cryoglobulin and induce
systemic reactions.*

Other potential therapies

Successful use of mycophenolate mofetil was shown in a
patient with severe CryoVas related to systemic sclerosis and
secondary Sjogren’s syndrome, refractory to previous treat-
ment with glucocorticoids and cyclophosphamide.* Clinical
features included finger-tip ulcers and gangrene, arthritis,
renal involvement, and myocardial ischemia.

Inhibitors of tumor necrosis factor alpha (TNF-a) are
not recommended for the treatment of CryoVas. Infliximab,
amonoclonal antibody against TNF-a., was used in a patient
with refractory CryoVas related to chronic HCV infection,
with skin, peripheral nerve, and kidney involvement. Inf-
liximab showed favorable effect on neuropathy, but skin
manifestations relapsed after 4 months of treatment onset.*
Two more cases of CryoVas were treated with infliximab.
The condition of one patient with skin changes and periph-
eral neuropathy worsened after third infliximab injection.
He developed central nervous system symptoms with fatal
outcome. No improvement was noticed after beginning of
treatment with infliximab in the second patient, who had
orthostatic purpura and skin ulcers, peripheral neuropathy,
and glomerulonephritis.*’

Another potentially useful biologic agent in the treatment
of CryoVas is belimumab, a monoclonal antibody against the
B-lymphocyte stimulator (BLyS). It was shown that different
types of B-cell activating factor (BAFF) may contribute to
production of cryoglobulins in chronic HCV infection.*4°
However, there are no published cases on the use of belim-
umab in patients with CryoVas so far.
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