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Hepatitis B virus (HBV) chronic infection causes progressive liver damage, although about 20% of patients develop
extrahepatic manifestations such as cryoglobulinemic vasculitis (CV). Clinical manifestations range from mild to moderate
(purpura, asthenia, arthralgia) to severe (leg ulcers, peripheral neuropathy, glomerulonephritis, non-Hodgkin lymphoma).
Treatment is based on persistent viral clearance.
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| 1. Introduction

Hepatitis B virus (HBV) infection is still a major global health problem with about 350 million chronically infected subjects
worldwide. HBV infection can cause acute or fulminant hepatitis as well as chronic hepatitis evolving into cirrhosis and
hepatocellular carcinoma, and it is responsible for 887,000 deaths every year 1. About 20% of HBV patients may develop
extrahepatic manifestations, such as polyarteritis nodosa and glomerulonephritis, dermatitis, arthralgia, arthritis, aplastic
anemia and cryoglobulinemic vasculitis (CV) 2.

In the past, CV was termed “essential” due to its unknown etiology. After discovering hepatitis C virus (HCV) in 1989, it
became clear that most CV cases were HCV positive B4,

CV can be described as an immune complex-mediated systemic vasculitis involving medium/small-size vessels. It is
characterized by the presence, in the serum, of immunoglobulins able to precipitate when temperature goes below 37 °C
(B, According to Brouet and colleagues €, cryoglobulinemias are classified into three types: I, Il, and Il . In type I, the
cryoglobulins are formed by monoclonal immunoglobulins, IgM or IgG only, and it is associated with lymphoproliferative
disorders (multiple myeloma, Waldenstrom’s disease, or non-Hodgkin’s lymphoma, NHL). In types Il and lll, called mixed
cryoglobulinemia (MC), the cryoglobulins are immunocomplexes composed by the antigen and monoclonal IgMs or
polyclonal 1gGs. The IgMs are usually endowed with rheumatoid factor (RF) activity against polyclonal IgGs. MC is
strongly associated with HCV infection (80-90%) &, but a fraction of cases is HCV-negative (10-20%), being secondary
to other viral infections (HBV and HIV are the most common), or to systemic autoimmune diseases (primary Sjogren’s
syndrome, systemic lupus erythematosus, and rheumatoid arthritis), or finally to chronic lymphoproliferative disorders &
(20J[L1][A2][131[14][AS]AI7IA8]IL9[20] \MC can occur in 0.5 to 5.5% of HBV patients [21[2211231[241[25] The potential role of HBV, as
MC etiologic agent, was firstly suggested by Levo and colleagues 28! more than 40 years ago. Monti and colleagues 24
retrospectively analyzed a cohort of 717 subjects with essential cryoglobulinemia followed by the Italian Group for the
Study of Cryoglobulinemia (GISC). HBsAg data were available only for 400 patients, and the authors reported a 5.5%
prevalence of HBsAg positivity. Subsequently, Ferri and colleagues 23] evaluated 231 patients with MC, observing a 1.8%
prevalence of HBsAg. In a recent study by Mazzaro and colleagues 24, the prevalence of HBsAg positivity in a group of
246 patients with MC was 4.5%. Furthermore, no correlation was found between MC and different HBV genotypes 2.

1.1. Main Clinical Manifestations of HBV-Associated CV

Since few clinical and epidemiological studies have suggested the casual relationship between HBV and MC (Table 1) [28!
(29130 |arge population studies regarding HBV-related MC are lacking in the literature.

Table 1. Summary of the clinical-serological and virological characteristics reported by the main studies on HBV-related
CV.

First Author, Year, Ref.

Boglione et al. 2015 [28] Mazzaro et al. 2016 2] Li et al. (2017) 39

Number of Patients 7 17 12



First Author, Year, Ref.

Boglione et al. 2015 [28] Mazzaro et al. 2016 [221 Li et al. (2017) 32
Female/male Ya 10/7 4/8
Agelyears, median (range) 60 (49-65) 56 (45-70) 47(29-68)
Clinical Features
Purpura, n (%) 3(43) 17 (100) 7 (58)
Arthralgias, n (%) 0 12 (71) 3(25)
Raynaud’s phenomenon, n (%) 0 3(14) 0
Sicca Syndrome, n (%) 0 2(9) 0
Skin Ulcers, n (%) 2 (29) 1(6) 0
Peripheral neuropathy, n (%) 4 (57) 5 (29) 2(17)
Glomerulonephritis, n (%) 0 3(18) 12 (100)
Gastrointestinal vasculitis, n (%) 0 0 2(17)
Chronic hepatitis, n (%) NA 8 (47) NA
Cirrhosis, n (%) NA 5(29) NA
Biochemical and Virological Features
MC type llitype I NA 15/2 39
Cryocrit %, median (range) 3.4 (2.5-6) 3(1-14) NA
Rheumatoid Factor IU/mL, median (range) NA 119 (88-5850) 694 (67-2730)
C4 mg/dl, median (range) NA 8.0 (4-31) 6.0
ALT IU/mL, median (range) 79 (68-105) 71 (39-82) 44 (10-102)
Creatinine mg/dl, median (range) NA 1.0 (0.7-1.2) 2.8 (0.0-9.8)
HBV-DNA positive, n (%) 7 (100) 17 (100) 12 (100)
HBsAg positive, n (%) 7 (100) 17 (100) 10 (83)

MC, mixed cryoglobulinemia; NA, data not available.
About 50% of HBV-MC patients show chronic hepatitis, while cirrhosis is present in 30% of cases.

The disease features vary: 45% to 100% of cases show mild—-moderate clinical symptoms (palpable leg purpura, asthenia,
and arthralgia, commonly called a Meltzer and Franklin triad BY). The articular involvement is usually characterized by
bilateral and symmetric joint pain, non-deforming, and mainly involve knees and hands. Skin ulcers may occur in 10-30%
of cases. Sicca syndrome and Raynaud’s phenomenon have been reported in a few patients. Neurologic manifestations
range from distal sensory polyneuropathy to sensory—motor polyneuropathy in 20-60% of cases. Peripheral neuropathy
presents with leg pain and symmetric burning paresthesia. Motor deficit is irregular and mainly affects the lower limbs,
appearing either a few months after sensory symptoms or simultaneously. Severe clinical symptoms such as

glomerulonephritis, progressive peripheral neuropathy, gastrointestinal vasculitis, and NHL may occur in a few cases 22
[28][29](30]

Similar to HCV-related CV, the most frequent kidney manifestation is type | membrano-proliferative glomerulonephritis
(MPGN). A very common aspect of HBV-MPGN is nephrotic-range proteinuria and microscopic hematuria, often with
evidence of renal insufficiency. In a recent study on 12 patients affected by HBV-MPGN B9, proteinuria was present with a
nephrotic range in all of them, and 9 (75%) patients had impaired renal function. Microscopic hematuria was found in all
patients, and gross hematuria in three.

The histological picture found in MPGN has revealed diffuse endocapillary proliferation, thickening, and double-contour
appearance of the glomerular basement membrane. The glomeruli were infiltrated by many monocytes and polymorph
nuclear cells. The capillary lumen showed PAS-positive hyaline thrombi. The distinctive histological features are markedly



hypercellular and endoluminal thrombi due to the massive precipitation of cryoglobulins. Immune complexes comprising

HBV antigens were also detected in some cases 9. Overall, kidney involvement emerged as an unfavorable prognostic
factor [B21183],

1.2. Therapeutic Management of HBV-Related CV

HBV-associated CV is considered a rare disease and, consequently, few data are available regarding the clinical
management, because large cohort studies are lacking. Furthermore, the implementation of universal HBV vaccination
programs is successfully decreasing HBV infection prevalence worldwide B4 thus making HBV-associated CV
progressively less frequent.

Guidelines for treatment of HBV-related CV have not been published yet, but, similarly to HCV-related CV, the treatment is
based on the following four targeting approaches: (1) antiviral therapy; (2) B-cell depleting therapy; (3)
immunosuppressive drugs; and (4) anti-inflammatory drugs.

| 2. Antiviral Therapy

2.1. Oral Nucleot(s)ide Analogues (NAs)

Eradication or strong and effective suppression of HBV chronic infection by NAs is the first-line treatment for HBV-related
CV. Table 2 summarizes the main studies on the treatment of HBV-related CV with NAs.

Table 2. Nucleotide analogues (NAs) therapy in patients with HBV-related cryoglobulinemic vasculitis.

Antiviral
Agent, Negative Clinical Immune Cryoglobulinemic
Author, Pts Dose Other Treatment, 9 Laboratory . . yog .
. HBV- Manifestations, Response/ Vasculitis
Year n. Duration, (n) DNA Features ) ALT Response Response,(n)
Weeks (w), p p !
(n)
Before Treatment After Treatment
Lamivudine .
100 mg/day Cryocrit: Purpura,
Cakir et =76 w: Pos; Eati ue! Cryocrit: Neg CR: Purpura;
al. 2006 1 Ad_efovir,10 100% RF:1110; Arthrgl i'a RF: normal Fatigue
[35] C4:7; ALT: . g. ! ALT: normal Arthralgias;
mgl/day = 125: Cirrhosis
108 w !
Kawakami . .
et al. 2008 1 Entecavir 100% Cryocrit: Purpura, Cryocrit: Neg CR: purpura,
[36] 0.5 mg/day Pos Neuropathy, Neuropathy
Enomoto Entecavir Crvocrit: Purpura, Cervocrit: Ne
et al. 2008 1 0.5 mg/day 100% )I;’os : Chronic AL)'/I" nor.malg CR: Purpura
E1d =20w hepatitis )
Lamivudine
Conca et 102";9\[’\:?3)/ CrRylgci:;tG7 ; Purpura, Cryocrit: Neg
aI.[i(;OQ 1 Lamivudine 100% C4:0.4; Cirrhosis ALT: normal CR: Purpura
50 mg/day ALT:247
=232w
Tenofovir
245 mglday Type lli; i "
D’Amico =200 w, Cryocrit: N::rlru;:; (zz;)_ C;'i(_)z::'r:laﬁg) CR: Purpura, (2);
etal. 2013 2 (1); 100% Pos; RF: pathy, (<); ) NR: Neuropathy,
[39] . X Chronic C4: normal (2)
Entecavir Pos; hepatitis,(2); ALT: normal (2) @
0.5 mg/day C4:Pos P nen :
=204 w, (1)
Purpura, (3); CR: Purpura,(3);
Boglione Telbivudine Crvocrit: neuropathy, (4); Cryocrit: 1% (0- Neuropathy, (2);
et al. 2013 7 600 mg/day 100% 3 4_);‘”_ %9 Skin ulcer, (2); 2) ALT median: NR: Peripheral
(28] =48 w, (7) h e Chronic 33 (22-44) neuropathy, (2);

hepatitis, (7) Skin ulcer, (2)



Antiviral
Agent,

Author, Pts Dose Other Treatment, Negative Laboratory Cllnl_cal . Immune Cryoglf)!)ulmemlc
. HBV- Manifestations, Response/ Vasculitis
Year n. Duration, (n) DNA Features ) ALT Response Response,(n)
Weeks (w), p p !
(n)
Cryocrit: 3; Cryocrit: Neg
RF: Pos;
RF: normal
- N . C4: 5; ALT:
Vigano et Entecavir 178 Purpura, C4: normal CR: Purpura:
al.2014 1 05mg/72h 00% o ..  Fatigue,GN, ALT: 13: v ue’_’ on
40 =108 w ) Cirrhosis Creatinine: 0.5 gue;
3.4 mgldl; . .
LS mg/dlproteinuria:
proteinuria: 40 malda
25g/24h glday
Type II;

) . Cryocrit: . .
Yamazaki Entecavir 2%; C4: 1; Purpura, Skin ) CR: Purpura, skin
et al. 2014 1 0.5 mg/day CS+PE, 100% ALT: 4: ulcer. GN Cryocrit: Neg ulcers;

Y =28w C ' NR: GN
creatinine:
4.0 mg/dl
Lamivudine
Terrier et m I;:O : PE+CS+RTX, (1); c':l' y[:)(::::; Aﬁ:;f;;r?;(z;)_ CR: Purpura, (2);
al. 3 903, L) pErcYC+CS+RTX,  100%2 ryocrit: "9, 2 oryocrit: Neg (1) Arthralgia, (2);
2015 221 Entecavir fer) pos; C4: GN, (3); Chronic GN, (3);
0.5 mg/day, 0.24 hepatitis, (3) TR
(2);
Type II;
Visentini Tenofovir Cryocrit: Purpura, Cryocrit: Neg
et al. 2016 1 245 mglday 100% pos; RF: Chronic RF: normal CR: Purpura
142] =52w pos; C4 low hepatitis C4: low level
level
Entecavir Purpura. 7:
nr =192 w, Type ll, 7; pura, £; Cryocrit median:  CR: Purpura, (7);
. Arthralgia, 7; .
Mazzaro (5); CS alone previous Cryocrit: 3; Skin ulcer. 1: 1% Arthralgia, (5);
et al. 2016 7 Adefovir nr NAS p(l) 100% RF: 200; Chronicl ’ RF median: 86; Skin Ulcer, (1);
29 =48 w, (1); ! C4: 8; ALT: henatitis. 6: C4 median: 10 NR: Arthralgia,
Lamivudine 72 Cilﬁhosis: i ALT median: 20 2)
=192 w, (1) :
References Type Il, 3;
Type I, 6; CR: Purpura, (2);

Arthralgia, (2),
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Peripheral neuropathy, n (%) 11 (61)

Glomerulonephritis, n (%) 1(6)

NHL 2(11)

Chronic hepatitis, n (%) 4 (22)

Cirrhosis, n (%) 1(6)

Antiviral Agent, n, Median Duration (months)

Entecavir 11 (78)
Tenofovir 6 (67)
Lamivudine 1 (58)

Other treatment, n, Median Duration (months)

Peg-IFN alone 3(17)
CS-associated NAs 4 (22)
PE-associated NAs 4 (22)
RTX-associated NAs 2(11)

Virological Response, n (%) 18 (100)
Cryocrit %, median (range) 1(0-14)

RF IU/mL, median (range) 181 (10-5850)



C4 mgl/dl, median (range) 7 (1-24)
ALT IU/ImL, median (range) 16 (12-34)

Cryoglobulinemic Vasculitis Complete Response

Purpura, n (%) 14 (78)
Arthralgia, n (%) 8 (44)

Skin Ulcers, n (%) 2(11)
Sjogren’ssyndrome, n (%) 2(11)
Peripheral neuropathy, n (%) 6 (33)

Cryoglobulinemic Vasculitis Partial Response

Purpura, n (%) 4 (22)
Arthralgia, n (%) 3(17)
Peripheral neuropathy, n (%) 5 (28)
Glomerulonephritis, n (%) 1(6)
NHL 2(11)

Legend: CS, Corticosteroids, CYC, cyclophosphamide, RTX, Rituximab, PE, plasma exchange, NHL, non-Hodgkin
lymphoma, RF, rheumatoid factor. Normal range: RF (0—25 IU/mL); C4 (10-40 mg/dl); ALT (6—36 IU/L).

Purpura was present in 18/18 (100%) patients, arthralgia in 11/18 (61%), ulcers in 3/18 (17%), Sjégren’s syndrome in 5/18
(28%), peripheral neuropathy in 11/18 (61%), glomerulonephritis in 1/18 (6%) and 2/18 (11%) had a NHL. Before the
beginning of NAs therapy, 3 (17%) patients underwent treatment with PEG-IFN-a for 12 months and 2 patients achieved a
transient vasculitis response despite a persistent HBV-DNA positivity.

Four out of 18 (22%) patients received a low dose of prednisone (<10 mg/day) associated with NAs therapy to control
purpura flares and arthralgia. Plasma exchange associated with NAs was used in 4 (22%) patients with severe CV: One
had elevated cryocrit in low-grade NHL, 1 had nephropathy, 2 had debilitating neuropathy and skin ulcers. Low doses of
rituximab (250 mg/m?/weekly for four times) associated with NAs was used in 2 patients (11%): one had low-grade NHL
and peripheral neuropathy, while the other had severe peripheral neuropathy and skin ulcers. Eleven patients were
treated with entecavir for a median of 78 months (range: 9-111), 6 cases with tenofovir for a median of 67 months (range:
48-120), and 1 case with lamivudine for 58 months. After 6-12 months of therapy with NAs, viremia was undetectable in
all patients (100%) and remained undetectable during the entire follow-up. In all patients, HBsAg remained positive.
During the NAs therapy, purpura disappeared in 14/18 (78%), in 8/11 (73%) improvement of arthralgia, while regression of
the leg ulcers in 2/3 (67%). Disappearance of leg ulcers was observed in one patient treated with entecavir monotherapy,
while another patient treated with entecavir required plasma exchange followed by rituximab. A third patient showed skin
ulcers persistence. Peripheral neuropathy improved in 5/18 (45%) cases (2 treated with entecavir and 3 with tenofovir).
One patient with glomerulonephritis showed no improvement of renal function with tenofovir treatment and underwent
plasma exchange and, subsequently, low doses of rituximab infusions. Despite the therapeutic efforts, the kidney failure
progressed, requiring dialysis. A low-grade NHL case treated with tenofovir did not show a hematologic response and
underwent sequential treatment with plasma exchange and low-dose rituximab, with a partial response. One patient on
entecavir developed a cerebral diffuse large B-cell lymphoma after 60 months of therapy. Despite chemotherapy, the
patient died because of lymphoma progression. One patient with cirrhosis and CV was treated with entecavir and
obtained a rapid improvement of the purpura, while the peripheral sensory neuropathy persisted. Despite virological
suppression and reduction of cryocrit and RF, the patient died of decompensated cirrhosis after 60 months. NAs therapy
induced a decrease in cryocrit levels in all cases, although only 6/18 (33%) showed disappearance of cryoglobulins. The
RF decreased in all patients, but the C4 serum levels remained low during treatment. No exacerbations of the clinical
manifestations and no side effects were observed.

Long-term therapy with NAs should take into account other factors such as the patient’'s treatment compliance, the
possible development of viral mutations causing drug resistance, and the potential toxicity, although the availability of
different NAs guarantees a therapeutic coverage with multiple options. Treatment with NAs in subjects with HBV-related
CV should be continued indefinitely even after the CV symptoms disappeared. The NAs treatment can be stopped only for
those patients who achieve complete recovery from CV, HBsAg loss and HBsAg seroconversion.



Based on these reports, we can state that an optimal treatment for HBV-associated glomerulonephritis has not yet been
established. The therapeutic schedule always includes the antivirals, but when HBV-CV is associated with nephrotic
syndrome and a rapid decrease of renal function, the use of rituximab and plasma exchange should be considered 7148l
[49][50][51](52]



