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We have prospectively studied patients with type II cryo- of patients receiving less than or greater than 621 MU, re-
spectively. By logistic regression analysis, the only prether-globulinemia since 1985 to assess the efficacy of treatment

with interferon-a at cumulative doses ranging from 234 to apy parameter that associated significantly (P ! .0393) with
complete response of cryoglobulinemia was the solitary849 MU. In the present study we retrospectively evaluated

in this cohort parameters associated with complete re- anti-C22 (HCV core) antibody pattern, which was observed
in 29% of patients. Association with older age and low cryo-sponse to therapy in 31 consecutive patients with type II

cryoglobulinemia associated with hepatitis C virus (HCV) in- crit approached statistical significance (P ! .06), while no
significant correlations were found with serum IgM levels,fection. Prevalence of complete response of cryoglobu-

linemia (disappearance of symptoms and signs of vasculitis duration of disease, HCV genotype, NS5a gene mutations,
liver histology, HLA-DR phenotype, or WA cross-idiotype.and decrease of cryocrit below 10% of the initial value) was

62%, with a median response duration of 33 months and a Complete responses were also associated, on univariate sta-
tistical analysis, with low pretherapy HCV viremia. Re-range of 3 to 100 months. Three patients were putatively

cured, as they remained in complete remission for more than sponses were accompanied by decrease of viremia, of anti-
HCV antibody levels and cryocrit. The usefulness of a high5 years off therapy. Eighteen patients (58%) had liver disease

evidenced by histopathology and/or raised transaminase dose regimen is underscored by the higher rates of sustained
responses of cryoglobulinemia and transaminase levelslevels. Prevalence of normalization of transaminase levels

was 100%, with a median response duration of 36 months. compared with previous studies.
q 1997 by The American Society of Hematology.Relapse of hypertransaminasemia occurred in 100% and 8%

M interferon-a therapy.10,11 We also evaluated host factors, such
as anti-HCV antibody responses, HLA-DR phenotype, and

IXED CRYOGLOBULINEMIA IS characterized by
serum cold-precipitable complexes and is associated

with a systemic vasculitis.1,2 Clinically, the syndrome is char- typed the cross-idiotype in the monoclonal IgM component
of the cryoglobulins.acterized by purpura, weakness, and arthralgias and progres-

sion to involvement of the kidneys, nervous system, and
other vital organs. Clinical liver disease is present in 50% MATERIALS AND METHODS
to 80% of patients.3 Mixed cryoglobulins consist of poly- Patients. Thirty-one patients (13 men and 18 women), 38 to 73
clonal IgG and monoclonal (type II) or polyclonal IgM (type years old (median, 56 years), who had type II mixed cryoglobuli-
III) with rheumatoid factor (RF) activity. The etiology of nemia were enrolled in the present study, which began in 1985
mixed cryoglobulinemia is unknown, but in the past few before serologic assays for HCV became available5; subsequently,

all patients were found to have markers of HCV infection. Entryyears, a strong association with hepatitis C virus (HCV)
criteria included the demonstration of type II mixed cryoglobulinsinfection has been widely and firmly established. Serologic
and the presence of the clinical symptoms of systemic vasculitis withmarkers of HCV occur in 90% of patients with mixed cryo-
or without evidence of liver disease. Patients with decompensatedglobulinemia3 and, in addition, HCV has been shown to be
cirrhosis, evidence of other autoimmune diseases, or with neoplasiaspecifically concentrated in the cryoprecipitates.4
were excluded from the study. None of the patients had a historyInterferon-a, based on its antiproliferative activity, was

used to treat patients with mixed cryoglobulinemia before
the association with HCV infection was known, and these
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of acute hepatitis or intravenous drug abuse or had received blood pretherapy sample gave an optical density (OD) between 0.5 and
1.5 was selected; comparisons of antibody concentrations in prether-products. At the beginning of therapy, all patients had cutaneous

involvement, varying from perimalleolar purpura to distal necrosis. apy and posttherapy sera were done, for each patient, at the selected
dilution. Results were expressed as (experimental OD at the selectedSeventeen patients had clinical evidence of kidney disease, with

chronic renal failure in 11. Eighteen patients had persistently abnor- dilution) – (background OD).
Qualitative and quantitative determinations of HCV RNA in serummal transaminase levels; a pretreatment liver biopsy was available

in nine patients, and the histological activity index was evaluated were performed by reverse transcription-polymerase chain reaction
(RT-PCR) as previously described.4 The lower limit of detectionby the Knodell score.12 Other major clinical findings were anemia

(15 patients), sicca syndrome (nine patients), and paresthesias (22 was 3,000 genomic equivalents of HCV per milliliter (gE/mL). The
intra-assay variation was 5.7%, and the interassay variation waspatients). Most of the patients had previously been treated with

steroids (26 patients), cyclophosphamide (16 patients) or plasma- 20%. Qualitative HCV PCR determinations were also obtained in
Rome.16 Replicate samples analyzed for HCV RNA in Rome andpheresis (nine patients) without sustained benefit. Four patients (pa-

tients 12, 13, 27, and 30) had not been treated previously. Burlington showed complete correlation. HCV RNA determinations
were obtained when serum stored at 0707C and not previouslyCriteria of evaluation. Response of cryoglobulinemic vasculitis

to therapy was assessed on the basis of clinical and hematologic thawed was available. Quantitative HCV RNA determination was
performed when sufficient amount of serum stored at 0707C wasparameters. A complete response was defined as the reduction of

cryocrit to less than 10% of the initial value and the disappearance available. Genotyping of HCV was performed as described by Wi-
dell et al17 and confirmed in some patients by DNA sequencing.of all clinical symptoms of vasculitis, normalization of hemoglobin

values, and normalization or improvement of kidney function tests, Nucleotide sequencing of the NS5a gene. The sequence of the NS5a
gene was determined using a strategy similar to that recently de-occurring all together at any time after the initiation of treatment.

Chronic renal failure and the clinical or electromyographic signs of scribed.11 RNA was extracted from the sera, and RT-PCR was per-
formed using the outer primers to amplify the NS5a region (nucleotidesperipheral neuropathy were excluded from the evaluation of re-

sponse. A minor response was defined as the persistence of cryocrit 6703 to 7320). A second PCR was performed with nested 5* and 3*

primers. An M13 forward and M13 reverse primer sequence wasabove 10% of the initial level and/or the persistence of at least one
of the pretherapy manifestations of active cryoglobulinemic vasculi- attached to the 5* ends of the 5* and 3* nested primers, respectively,

to facilitate direct DNA sequencing. The sequences of the primers weretis other than chronic renal failure and peripheral neuropathy. Liver
disease activity was monitored by monthly testing of transaminase as follows: 5* outer, 5*-TGGATGGAGTGCGGTTGCACAGGTA-3*,

3* outer, 5*-TCTTTCTCCGTGGAGGTGGTATTGG-3*, 5* inner, 5*-levels, and it was considered in remission when they remained nor-
mal for at least 6 consecutive months. GTAAAACGACGGCCAGTCAGGTACGCTCCGGCGTGCA-3*,

and 3* inner, 5*- GGAAACAGCTATGACCATGGGGCCTTGGTA-Interferon therapy. Our standard treatment schedule was 3 MU
of recombinant interferon-a 2a (Roferon-A; Hoffmann-La Roche, GGTGGCAA-3* (M13 sequences are underlined). Both strands of the

PCR products were sequenced using the Amplicycle sequencing kitBasel, Switzerland) daily for the first 3 months and every other day
for at least 9 additional months, reaching a cumulative dose of at (Roche Molecular Systems Inc, Branchburg, NJ) modified according

to application note 2.0 for longer sequence reads. The sequencing prim-least 621 MU. Three patients received from the beginning a reduced
dosage of 3 MU every other day (total dose 234 MU), patients 26 ers were biotinylated M13 forward and M13 reverse primers for the

sense and the antisense strands, respectively. The products of the se-and 28 because of leukopenia and patient 27 because of low compli-
ance; in another patient (no. 13) therapy was tapered (total dose 468 quencing reactions were resolved on either 6% sequencing gels or

5% Long Ranger gels (FMC Bio Products, Rockland, ME) and thenMU) because of hematologic toxicity. Four patients (nos. 2, 19,
20, and 22) relapsed because of acquired resistance to recombinant transferred by electroblot to Immobilon-S membranes. The DNA was

cross-linked by ultraviolet (UV) and detected by chemiluminescenceinterferon-a 2a, due to neutralizing antibodies in three of them and
were successfully treated with natural interferon-a (Alfaferone; Is- using the Uniplex kit (Millipore, Bedford, MA) and BioMax film (Ko-

dak, Rochester, NY). The films were scanned, the images were analyzedmunit, Pomezia, Italy). These patients have been described in detail
in a separate report.13 Seven patients, although nonrelapsers, received using DNAscan software (Scanalytics, Billerica, MA), and the resulting

sequences were translated to amino acid sequences and compared withadditional interferon-a therapy beyond the standard dose of 621 MU
given in 1 year; they were either complete responders who were the NS5a sequence identified for HCV-J.

Statistical analyses. The Fisher’s exact test, two-tailed Student’streated because of the persistence of paresthesias and/or electromyo-
graphic abnormalities or minor responders treated in an attempt to t-test, or Mann-Whitney’s U test was used when appropriate for

univariate statistical analyses. Stepwise logistic regression was usedimprove the quality of response. Additional therapy resulted in ap-
preciable benefits on the residual clinical and laboratory abnormali- for the multivariate analysis of explanatory variables for complete

response to interferon therapy. Variables were entered in a forwardties in none of these seven patients.
Characterization of cryoglobulins, HLA-DR typing, and WA selection model, with a P value for entrance limit of .05. Statistical

calculations were performed using the SOLO software (BMDP Sta-cross-idiotype determination. Detection and characterization of
cryoglobulins and HLA-DR typing were performed as previously tistical Software Inc, Los Angeles, CA).
described.5,14 WA cross-idiotype determination was performed by

RESULTSboth immunoblotting and enzyme-linked immunosorbent assay
(ELISA) methods.15

Pretherapy variables associated with complete response
Measurement of HCV antibodies, HCV RNA, and HCV genotyp- of cryoglobulinemic vasculitis to interferon-a therapy.

ing. Serum samples were tested for anti-HCV antibodies by second Complete remission of cryoglobulinemic vasculitis was ob-
generation recombinant immunoblot assay (RIBA; Chiron RIBA-2,

served in 17 of 31 (62%) HCV-positive patients treated withOrtho Diagnostic Systems, Raritan, NJ) and by third generation
interferon-a. The pretherapy demographic, clinical, and lab-ELISA assay (Ortho Diagnostic Systems). The assays were per-
oratory data in these 31 patients are summarized in Table 1;formed according to the manufacturer’s instructions with sera diluted
their major clinical manifestations before therapy are re-1:20. Antibody concentrations were semiquantitatively evaluated by
ported in detail in Table 2. It should be noted that throughoutELISA. Serial dilutions of pretherapy and posttherapy serum samples

were tested and, for each patient, the serum dilution at which the the manuscript the definition of response to therapy refers
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Table 1. Characterization of Patients With HCV-Associated Cryoglobulinemia Who Had Complete or Minor Responses
to Interferon-a Therapy

Complete Responders Minor Responders
Variable n Å 17 n Å 14 P Value

Age (yr)* 57.7 { 7.5 51.7 { 10.2 .064
Sex (F/M) 9/8 10/5 NS
Duration of disease (yr)* 8.4 { 4.5 8.4 { 4.2 NS
Previous therapies (no. of patients):

Steroids 15 13 NS
Cyclophosphamide 9 9 NS

Total follow-up (mo)* 52.5 { 35.7 76.6 { 24.7 NS
Liver disease (no. of patients) 10 8 NS
Initial cryocrit (%)* 14.9 { 12.4 24.9 { 18 .069
IgM level (mg/dL)* 338 { 158 428 { 247 .22
Solitary anti-C22 (no. of patients) 8 1 .02
Viremia* 7.9 { 5.4† 47 { 26† .04
Genotype (no./23 patients tested)

1a 4 0 .10
1b 5 6 NS
2b 4 4 NS

Abbreviation: NS, not significant.
* Mean { 1 standard deviation.
† HCV copies/mL 1 106. Results from four patients tested in each group.

to the remission of the symptoms and signs of cryoglobulin- pleted sera had the same patterns of reactivity to HCV anti-
gens. Eight of 17 complete responders and only one of 14emic vasculitis and not, unless specifically stated, of those

of chronic hepatitis C. Data concerning the response of liver minor responders (Table 2) had isolated anti-C22 antibodies
(P Å .02). We investigated the pattern of anti-HCV antibodydisease in the subset of affected patients are described in a

separate section of the Results. reactivity by RIBA-2 in a control group of 35 unselected
patients with chronic hepatitis C without cryoglobulinemiaHCV RNA sequences could be detected by qualitative

PCR in plasma before therapy from 13 of 14 complete re- and not treated with interferon, attending the Hepatology
section of the Department of Clinical Medicine of the Uni-sponders and from 11 of 13 minor responders (Table 2). The

three patients who were PCR negative before therapy had versity of Rome (eight patients with chronic active hepatitis,
nine with cirrhosis, and 18 with unknown histology). Isolatedantibodies against all the four recombinant HCV proteins on

RIBA testing. Mean levels of viremia before therapy by anti-C–22 reactivity was observed in one of these 35 patients
only, compared with the nine of 31 patients with HCV-quantitative PCR in samples from four complete and four

minor responders were 7.9 1 106 and 4.6 1 107 gE/mL, associated cryoglobulinemia (P Å .004).
No differences between the complete responder and therespectively (P Å .04).

HCV genotype was determined in 23 patients (Table 2), minor responder groups were apparent in sex, duration of
disease, previous immunosuppressive therapies, presence ofand no significant differences in distribution between com-

plete and minor responders to interferon therapy were ob- liver disease, serum IgM levels (Table 1), and major clinical
manifestations (Table 2). Also, there were no differences inserved, except for a trend (P Å .10) to a higher prevalence

of infection with the 1a genotype in complete responders the distribution of HLA-DR antigens and of the WA cross-
idiotype of monoclonal RF (data not shown). The prevalence(Table 1). Because mutations in the NS5a gene of the 1b

strain are associated with increased response to interferon-a of the WA cross-idiotype among our patients was similar to
that observed in the United States,18 and the reported19-22therapy,11 we sequenced NS5a in seven of the eight 1b iso-

lates. Three sequences were wild type, three had a single absence of an association of histocompatibility antigen mark-
ers with type II cryoglobulinemia was confirmed.mutation at position 2219, and one had mutations at positions

2218 and 2219, without any correlation with response to ther- By univariate analyses (Table 1), only the presence of
solitary anti-C22 reactivity and low viremia associated sig-apy. None of our complete responders had 4-11 mutations,

as previously reported in patients with chronic hepatitis C,11 nificantly (P õ .05) with complete response. The correlation
of lower cryocrit (P Å .069) and older age (P Å .064) withand both complete and minor responders were found with one

to two mutations similar to the intermediate group that had complete response approached significance. These two pa-
rameters appeared to be interdependent, as linear regressiona prevalence of 13% complete response in the study from

Japan.11 analysis showed a near significant (P Å .057) correlation of
lower cryocrit with older age. Furthermore, there were strongAnti-HCV antibodies were detectable by RIBA-2 in all

patients (Table 2). Antibodies were directed to the HCV correlations of cryocrit with IgM level (P Å .018) and IgM
level inversely with age (P Å .005). Conversely, there wasantigens C22 (100%), C33 (59%), C100-3 (34%), and C5-

11 (28%). Purified cryoprecipitates and cryoglobulin-de- no correlation of cryocrit with viremia or duration of disease.

AID Blood 0002 / 5h41$$$$21 09-25-97 11:28:41 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/10/3865/1413499/3865.pdf by guest on 08 June 2024



CASATO ET AL3868

Table 2. Clinical and Laboratory Data in Patients With Type II Mixed Cryoglobulinemia Treated With Interferon

Duration of
Total Response

RIBA HCV RNAMajor Clinical Dose Off-
Patient Manifestations Before of IFN Therapy HCV

No. Therapy (MU) (mo) Pretherapy Posttherapy Pretherapy Posttherapy* Genotype Outcome

Complete responders

1 P, LD, U, RF, A, PN, Hy 729 100 22 22 Pos Neg (94) 1a Alive off-therapy

2 P, PN, SS, Ar, U, A 849 6 22 22 NP NP NP Relapse V; dead DIC

3 P, A, RF, Hy 753 91 22, 33, 5-11 22 Pos Neg (75) 1b Alive off-therapy

4 P, U, A, PN, RF 504 NE 22 22 Pos NP 1b Dead MI

5 P, Ar, U, PN, A 741 33 22 22 NP Neg (39) NP Relapse V

Relapse V; dead

6 P, PN, LD, RF, SS, A, Ar 717 53 22 22 Pos Neg (72) 1b Pne

7 P, Ar, PN, SS 621 76 22 22 Pos Neg (44) 2b Alive off-therapy

8 P, Ar, U, A, RF 80 NE 22 22 NP NP NP LFU

9 P, LD, SS, A, Ar, PN 814 17 22, 33 22 Pos NP 1b LFU

10 P, LD, SS 621 2 22, 33, 100 22 Pos Neg (49) 1a Alive off-therapy

11 P, LD, RF, A 621 46 22, 33, 100, 5-11 22, 33, 100, 5-11 Pos Pos (54) 2b Alive off-therapy

12 P, LD, Ar 621 33 22, 33 100, 5-11 22, 33 Neg Neg (12) NP Alive off-therapy

13 P, LD, PN, Ar, SS 468 3 22, 33, 100, 5-11 22, 33 Pos Neg (12) 2b Relapse LD

14 P, LD, Ar, A 621 18 22, 33 22 Pos Neg (24) 1a Alive off-therapy

15 P, LD, PN, RF, Hy 621 16 22, 33, 100, 5-11 22, 33 Pos Neg (22) 1b Alive off-therapy

16 P, LD, A, PN, Hy 315 NE 22 22 Pos Neg (4) 2b Relapse V; LFU

17 P, RF, PN, A, Hy 621 10 22, 33, 100 22 Pos Neg (12) 1a Alive off-therapy

Minor responders

18 P, PN, Hy, Ar 621 0 22, 33 22, 33 NP Pos (60) NP Episodes of P

Relapse V, RF; dead

19 P, RF, A, Hy, LD 847 60 22, 33 22, 33 Pos Pos (76) NP Sep

20 P, U, PN, Ar 814 0 22, 33 22, 33 Pos Pos (78) 2b Relapse V

21 P, PN, U 621 0 22, 33 22, 33 Pos Pos (18) 2b Episodes of P & U

22 P, LD, PN, Ar 814 72 22, 33 22, 33 Pos Pos (84) 1b Relapse V

23 P, LD, PN 621 77 22, 33 22, 33 Pos Pos (72) 1b No symptoms

24 P, LD, PN, Ar, SS 814 0 22, 33, 100 22, 33, 100 Pos Pos (78) 1b Relapse LD

25 P, PN, Ar 504 0 22, 33, 100, 5-11 22, 33, 100, 5-11 Neg Neg (36) NP Persistent PN

Relapse LD;

26 P, LD, U, Ar, PN 234 0 22, 33, 100, 5-11 22, 33, 100, 5-11 Pos Pos (72) 1b cirrhosis

27 P, LD, Ar, SS 234 1 22, 100, 5-11 22, 100, 5-11 Pos Neg (6) 1b Relapse V, LD

Relapse LD;

28 P, LD, PN, Ar 234 0 22, 100 22, 100 Pos Pos (72) 2b cirrhosis

29 P, LD, PN 814 0 22 22 Pos Pos (48) 2b No symptoms

30 P, RF, Hy, A, PN 621 0 22, 33, 100, 5-11 22, 33, 100, 5-11 Neg Neg (36) NP RF

31 P, RF, Hy, A, SS 621 0 22, 33 22, 33 Pos Pos (29) 1b Dead accident

Abbreviations: A, anemia; Ar, arthralgias; DIC, disseminated intravascular coagulopathy; Hy, hypertension; LD, liver disease; LFU, lost to follow-up; MI, myocardial

infarction; P, purpura; PN, peripheral neuropathy; Pne, pneumonia; RF, renal failure; Sep, sepsis; SS, sicca syndrome; U, cutaneous ulcers; NE, not evaluable; NP, not

performed.

* Month posttherapy HCV RNA tested.

Multivariate analysis of age, sex, duration of disease, pres- ‘‘potential’’ group. Fifteen patients had minor responses; in
four patients (nos. 19, 20, 22, and 27), all features respondedence of liver disease, solitary C22, and cryocrit and serum

IgM levels before therapy were performed; other pretherapy except cryoglobulinemia.
In all of the complete responders cryoglobulins becamevariables were excluded because of inadequate sample size.

Among the tested variables, only the solitary anti-C22 pat- undetectable. Reduction of cryocrit levels correlated with
remission of cutaneous symptoms and was generally rapid,tern associated significantly (P Å .0393) with complete re-

sponse, while older age (P Å .0629) and lower cryocrit (P occurring between 2 and 4 weeks after the initiation of ther-
apy. Responses were generally accompanied by an increaseÅ .0642) approached statistical significance.

Outcome of clinical responses to interferon therapy. of hemoglobin levels in patients with anemia and by reduc-
tion of serum creatinine in patients with renal failure. Pares-Duration of response after 12 months of therapy, evaluable

in 14 of the 17 complete responders, ranged between 3 and thesias caused by sensorimotor axonal neuropathy, which
was observed in 24 patients, improved significantly in the100 months, with a median of 33 months. Patients 1, 3, and

7, and potentially 14 and 15, were putative cures because majority of patients, but responses occurred only after sev-
eral months of therapy and were never accompanied by nor-they were asymptomatic with no detectable viremia or cryo-

globulinemia after therapy had been stopped for more than malization of electroneurographic abnormalities.
Relapse of cryoglobulinemic vasculitis occurred in five5 years in this first group and more than 16 months in the
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patients (patients 2, 16, 19, 20, and 22) during interferon virus ‘‘spontaneously’’ cleared and they remained negative
over the subsequent 47, 11, and 53 months, respectively (nottherapy and in two patients (patients 5 and 6) after therapy

had been stopped. Relapses were uniformly characterized by shown). In contrast, 10 minor responders remained viremic
for 18 to 84 months (median, 72 months) after the start ofrecurrence of purpura and increase of cryocrit values, which

often reached the pretherapy levels, and by one or more of therapy.
Viremia was quantitated in serial samples from eight pa-the following signs and symptoms: cutaneous ulcers, distal

necrosis, acute decrease of renal function, macroscopic he- tients. Rapid clearance of HCV was found in three of four
complete responders. In contrast, only a moderate reductionmaturia, anemia, increase of transaminase levels, or pares-

thesias. Of the patients whose disease relapsed during ther- of HCV titers was observed in three of four minor respond-
ers. In one minor responder (patient 27), initial clearance ofapy, one (patient 16) had an early relapse and was lost to

follow-up review shortly thereafter. In three of the remaining viremia with therapy was followed by reappearance of vire-
mia with clinical relapse.four patients (nos. 2, 19, and 20), relapses were accompanied

by the production of anti-interferon–a antibodies, as has No relationship between viral clearance and HCV geno-
type was apparent. Of particular note, the 1b genotype infec-previously been reported.13 Remission was reinduced in all

four patients by treatment with natural interferon-a. tion in patient 16 cleared within 1 month, and the only minor
responder to clear viremia was infected with 1b genotype.Response of cryoglobulinemia to interferon therapy asso-

ciates with decrease of anti-HCV antibody titers and viremia. Conversely, the only complete responder (patient 11), who
remained viremic during a sustained remission, was infectedComparison of the pretherapy and posttherapy anti-HCV

antibody patterns by RIBA analysis (Table 2) showed that with the 2b genotype.
In 10 complete responders in whom data on all serologiceight of nine complete responders with multiple antigen reac-

tivity before therapy lost at least one reactivity after therapy, parameters were obtained, there was a correlation of clear-
ance of viremia, loss of populations of HCV antibody orwhereas in none of the minor responders did the pattern of

antibodies change (P Å .009). Antibodies to C22 antigen decrease in antibody titer, and clearance of cryoglobulins
with clinical response to interferon therapy (Table 2 and datapersisted in all patients irrespective of changes in clinical

and virologic parameters. The only complete responder (pa- not shown). The correlation of these parameters with clinical
disease activity was particularly apparent in patient 16 who,tient 11) in whom multiple anti-HCV antibodies remained

unchanged after therapy was also the only one in this group after an initial remission of symptoms with clearance of
viremia and reduction of antibody titers and cryocrit, had ato remain viremic (Table 2) despite prolonged remission (57

months) of vasculitis and normalization of liver enzymes. clinical relapse concomitant with a flare-up of these labora-
tory parameters. There were, however, some exceptions. ForIn the patients who showed no change in the RIBA pattern,

anti-HCV antibody concentrations were further evaluated example, in patients 6, 7, and 11, complete clinical remission
and suppression of cryoglobulins occurred despite constantsemiquantitatively by ELISA. In eight of nine complete re-

sponders in this category, but only in one of the 14 minor levels of anti-HCV antibodies and persisting viremia. In one
of these patients (no. 11) viremia persisted throughout theresponders, there was a decrease of antibody titers; the mean

difference between the pretherapy OD value and the lowest follow-up period, whereas in patients 6 and 7, HCV RNA
became undetectable and antibody levels fell after severalOD value posttherapy was 0.739 in complete responders

and 0.026 in minor responders (P õ .001). The only minor months of follow-up (Table 2). Of the two patients who
relapsed while off-therapy (nos. 5 and 6), one (no. 6) wasresponder with a solitary C-22 antibody (patient 29) showed

an increase in titer. To rule out that the decrease of specific notable, as relapse occurred 53 months after withdrawal of
interferon, at which time HCV viremia had cleared for 8anti-HCV antibody titers was the result of a generalized

reduction of immunoglobulin synthesis, the serum immuno- months and was characterized by the recurrence of purpura
and renal involvement, but not of abnormal transaminaseglobulin levels before and after 1 year of treatment were

measured (not shown). Only one patient (patient 31) showed levels and by persistently negative HCV viremia.
Response of liver disease to interferon therapy. Eighteena significant reduction of IgG levels from 2,400 mg/dL to

678 mg/dL, but anti-HCV antibody titer remained un- patients (58%) had elevation of transaminase levels (Table
3), and liver biopsy was performed before therapy in ninechanged.

HCV RNA after therapy (Table 2) became undetectable of them. Levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) returned to normal levelsin 10 of 11 complete responders and in only one of 10 minor

responders (P Å .0002). In the 10 complete responders, within the first month of therapy in all of the 18 patients,
10 of whom were complete responders. Normalization ofclearance of HCV RNA (that is, HCV RNA no longer detect-

able by PCR assay) occurred as early as 1 month (median, transaminase levels lasted for 1 to 100 months (median, 33
months) in the overall group of patients. No relationship10 months) after treatment. Early and late patterns of virus

clearance were observed. Early clearance was documented between histologic activity and duration of response was
apparent. Although older age tended to correlate with thewithin 1 year of therapy in seven patients (Table 2). Very

rapid clearance, within 1 month, could be documented in severity of histologic activity grading and staging scores (P
Å .055 and P Å .15, respectively), the mean age of patientsthree of these patients (nos. 14, 15, and 16). Late clearance

was instead observed in three patients (nos. 3, 6, and 7) who with liver disease, 51.7 { 10.5 years, was significantly (P
Å .024) lower than that of patients without liver disease,remained positive for 44, 47, and 22 months, respectively,

after completion of therapy (not shown); subsequently, the 59.3 { 6.1 years. Relapses of hepatic disease were observed
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Table 3. Characterization and Response to Interferon Therapy of Liver Disease in Patients With HCV-Associated Cryoglobulinemia

Patient Response of Liver HCV Initial Total Dose Relapse of Months Off-Therapy
No. Cryoglobulinemia Histology* Genotype ALT† of Interferon Abnormal ALT With Normal ALT

1 Complete ND 1a 37 729 No 100
6 Complete 6 / 1 1b 36 717 No 53
9 Complete ND 1b 30 814 No 17

10 Complete 5 / 2 1a 38 621 No 62
11 Complete ND 2b 105 621 No 46
12 Complete 4 / 2 ND 108 621 No 33
13 Complete 5 / 2 2b 79 468 Yes 3
14 Complete 4 / 1 1a 64 621 No 18
15 Complete ND 1b 70 621 No 16
16 Complete 9 / 4 2b 66 315 No Lost to follow-up
19 Minor 2 / 1 ND 48 847 No 60
22 Minor ND 1b 85 814 No 96
23 Minor ND 1b 97 621 No 77
24 Minor 4 / 2 1b 47 814 Yes 6
26 Minor ND 1b 125 234 Yes 1
27 Minor 5 / 1 1b 147 234 Yes 1
28 Minor ND 2b 35 234 Yes 3
30 Minor ND 2b 61 621 No 60

Abbreviation: ND, not determined.
* Histological activity is expressed by the Knodell score12; the first number refers to grading (scores 1 / 2 / 3), and the second to staging

(score 4).
† Highest ALT value observed within 3 months before the initiation of therapy; normal values õ22 U/L.

in five of the 18 patients (Table 3). All relapses occurred 1 to Complete response of cryoglobulinemic vasculitis was
usually associated with clearance of viremia and decrease6 months after withdrawal of interferon therapy. Noteworthy,

four of these five patients, but none of the 12 patients without of anti-HCV antibodies. This is consistent with the hypothe-
sis that HCV antigens, either free or complexed to specificrelapse of liver disease, were treated with less than 621 MU

of interferon (PÅ .0021; Table 3). In the group of 12 patients antibodies, stimulate the production of type II cryoglobu-
lins23 and, therefore, that disease activity directly correlatestreated with greater than 621 MU, remission of liver disease

lasted between 16 and 100 months (median, 60 months). with viral load. However, a correlation of response with the
reduction of viremia and of antibody titers was not always

DISCUSSION apparent, because in some complete responders, both param-
eters remained unaltered and in others, viral clearance oc-Although the effectiveness of interferon therapy for type
curred long after the clinical remission. These observationsII cryoglobulinemia associated with HCV infection is now
suggest the contribution of immunomodulatory rather thanfirmly established,5-7,13,23-27 an optimum regimen has not yet
antiviral effects of interferon and of late-acting host effectorbeen determined or have the criteria for selecting patients
mechanisms.30

likely to have long-term responses been accurately deline-
Our study highlights the greater efficacy of high-dose in-ated.

terferon therapy not only on cryoglobulinemic vasculitis, butThe 62% frequency of complete response of cryoglobuli-
also by separate analysis, on the response of liver disease.nemia to interferon therapy in this study was similar to other
The 100% normalization of transaminase levels and the 75%reports,24-27 but the extended period of observation permitted
rate of normalization lasting for more than 6 months off-documentation of complete responses of as long as 100
therapy with a mean duration of 35.9 months, were consider-months and a median response duration of 33 months. These
ably better than the results reported for the broad populationsustained responses are considerably longer than any other
of patients with chronic hepatitis C treated with interferon.10results reported for patients with cryoglobulinemia,24-27 and
The finding that relapses of liver disease occurred in 100%our results suggest that extended interferon therapy with a
of patients receiving less than 621 MU cumulative dose,total dose of 621 MU or greater can produce putative cures in
compared with an 8% relapse rate in patients receiving more15% to 20% of patients. Because this was not a randomized,
than 621 MU, strongly supports the greater efficacy of highercontrolled study to compare high and low interferon-a dos-
cumulative doses of interferon on liver disease. These find-ages, definitive conclusions cannot be made regarding the
ings are consistent with recent studies on chronic hepatitisefficacy of higher dose schedules. However, our results with
C that showed higher response rates and longer sustainedhigh dosages are consistent with recent studies showing
responses with higher doses of interferon-a28,29; indeed, thegreater efficacy of high dose interferon-a in the treatment
highest cumulative doses used in those studies were compa-of chronic hepatitis C.28,29 The conclusion that high dose
rable to the doses used in our study.interferon-a may yield longer remission of cryoglobulinemia

Concerning our analysis of pretherapy variables predictiveis in agreement with our initial studies6 and with the more
recent studies of Misiani et al.26 of complete response of cryoglobulinemic vasculitis to inter-
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feron therapy, the most striking association was with the may be differences in the prevalence of genotypes between
northern and southern Italy.presence of solitary anti-C22 antibody. The 29% prevalence

of solitary anti-C22 in our patients is similar to the 34% The present study includes, to our knowledge, the longest
durations of complete responses reported among patientsobserved in another study on mixed cryoglobulinemia,31

while this pattern is uncommon (3% to 4%, this study and with HCV-associated type II cryoglobulinemia treated with
interferon and has both clinical and theoretical implications.Chemello32) among patients with chronic hepatitis C. The

solitary anti-C22 antibody pattern did not appear to result in Clinically, an important observation is that a total dose of
interferon of ¢621 MU can produce apparent cures, albeitour patients from immunosuppressive therapies, and there-

fore its high prevalence in HCV-infected patients with type only in a small percentage of patients. Our data indicate that,
as in chronic hepatitis C, low viremia is associated with theII cryoglobulinemia could be due either to their genetic back-

ground of immune reactivity or, perhaps more likely, to the likelihood of complete response of HCV-associated cryoglo-
bulinemia. Interestingly, the solitary anti-C–22 antibody pat-fact that in these patients, HCV antigenic load tends to be

low and thus capable of eliciting only responses directed to tern observed in about one third of our patients was also
significantly associated with complete response, hopefullyimmunodominant epitopes. This possibility is supported by

the known immunodominance of C-22 antigen33,34 and by providing a much simpler and less expensive predictive tool
than the quantitation of viremia in patients with cryoglobuli-the frequent finding of isolated antibody to C22 in chronic

hepatitis patients with minimal disease35,36 or treated with nemia. Finally, our data suggest that levels of viremia and
of anti-HCV antibodies may be used to monitor disease ac-interferon-a.37 A tendency to low viral load in type II cryo-

globulinemic patients with HCV infection is also consistent tivity and response to therapy. Future prospective studies
exploiting these laboratory parameters and employing higherwith the relatively benign course of chronic hepatitis in these

subjects.38 It is tempting to speculate that the lower severity cumulative doses of interferon will hopefully permit us to
more accurately delineate predictors of response and to in-of liver disease in HCV-infected patients with type II cryo-

globulinemia could be due to the cryoglobulins themselves. crease the prevalence of long-lasting complete remission of
cryoglobulinemic vasculitis.In fact, the selective concentration of HCV and very low

density lipoproteins (VLDL) in the cryoprecipitates4,39 sug-
ACKNOWLEDGMENTgests that monoclonal rheumatoid factors could bind HCV

complexed to specific antibodies and to VLDL, therefore We thank Edoardo Pescarmona for reviewing liver histology and
Massimo Fiorilli for helpful suggestions and for invaluable compre-preventing endocytosis via Fc or LDL receptors.40

hensive support to M.C.In our study, the mean age of complete responders tended
to be higher than that of minor responders, although only
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