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Superior Efficacy of Direct-Acting Antivirals Over Interferon in 
HCV-Associated Mixed Cryoglobulinemia: Clinical and Virological Insights

Abstract

Background: Mixed Cryoglobulinemia (MC) is the most frequent extrahepatic manifestation of hepatitis C virus (HCV) in-
fection. While Direct-Acting Antivirals (DAAs) have significantly improved sustained virological response (SVR) rates, their 
impact on MC remission—especially in patients with advanced or symptomatic disease—remains incompletely defined. This 
study aimed to compare the efficacy of IFN-based versus DAAS-based therapies in achieving virological and clinical remis-
sion of MC, and to identify potential negative prognostic factors.

Methods: We retrospectively analyzed 35 patients with chronic HCV infection and active MC treated with either IFN-based 
(n=15) or DAAs-based (n=20) regimens. Clinical response was defined as the disappearance of serum cryoglobulins and reso-
lution of MC-related signs and symptoms. Baseline clinical and laboratory parameters were compared between responders and 
non-responders.

Results: Overall, 34.3% (12/35) of patients achieved clinical remission. The DAAS group showed higher response rates (45% 
vs. 20%) and significantly better SVR (94.7% vs. 60%) than the IFN group, despite a higher burden of comorbidities. Protein-
uria and arthralgia at baseline were associated with poor outcomes. In particular, 100% of patients with proteinuria (10/10) 
failed to achieve remission, suggesting a strong negative predictive value. Prior IFN-based therapy and corticosteroid use were 
also associated with reduced response rates, though not statistically significant.

Conclusion: DAAs demonstrated superior virological and clinical efficacy compared to IFN-based regimens in patients with 
HCV-related MC. The presence of baseline proteinuria emerged as the most significant predictor of treatment failure, under-
scoring the importance of early intervention before renal involvement. Our findings support the preferential use of DAAs in 
this patient population and suggest that proteinuria should be carefully evaluated as a negative prognostic marker in treatment 
planning.
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Introduction
Globally, up to 170 million individuals are chronically infected 
with Hepatitis C Virus (HCV), with an estimated 1.5 million 
new cases each year, making HCV a significant public health 
concern. The virus exhibits a pronounced hepatotropism and 
progresses to chronic infection in approximately 70% of cases. 
The typical disease course begins with steatosis, advances to 
fibrosis and cirrhosis, and may eventually lead to hepatocel-
lular carcinoma [1-3].

In addition to liver-related complications, HCV is associated 

with extrahepatic manifestations in approximately 10% of in-
fected individuals. Among these, mixed cryoglobulinemic vas-
culitis (MCV) is the most prevalent. Circulating cryoglobulins 
are found in 20–50% of HCV-positive patients, and up to 15% 
develop symptomatic cryoglobulinemic vasculitis [4].

Cryoglobulinemic vasculitis is an immune complex–mediated 
systemic vasculitis that primarily affects small- and medium-
sized vessels [5]. It often involves multiple organ systems, 
most commonly the skin, followed by kidneys, central ner-
vous system, joints, and vasculature. The hallmark clinical 
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Table 1: Characteristics of the patients. 

triad includes purpura (typically on the lower limbs), asthenia, 
and arthralgia. Severe cases may include glomerulonephritis, 
peripheral neuropathy, ulcers, and progression to lymphop-
roliferative disorders, particularly low-grade Non-Hodgkin 
Lymphoma (NHL). The etiological role of HCV in lymphop-
roliferative diseases is well-supported by epidemiological data 
and the clinical response to antiviral therapy in HCV-related 
NHL [6-11].

Early diagnosis is essential to prevent irreversible organ dam-
age and optimize treatment. Since disease remission correlates 
closely with HCV clearance, the primary therapeutic goal is 
achieving a Sustained Virologic Response (SVR). Direct-Act-
ing Antivirals (DAAs) have replaced interferon (IFN) and riba-
virin as the standard of care due to higher efficacy and improved 
safety profiles [12-14]. While IFN-based therapies previously 
achieved SVR in only about 50% of HCV-related MCV cases, 
DAAs have demonstrated SVR rates close to 100% [13,15,16].
Despite this, the comparative advantage of DAAs—given their 
non-immunomodulatory mechanism—over IFN-based thera-
pies in managing cryoglobulinemia remains unclear. Few stud-
ies have directly evaluated their efficacy in this context [17].
Therefore, the aim of our study was to compare the effective-
ness of IFN and DAAS regimens in patients with HCV-asso-
ciated cryoglobulinemia and to identify predictive factors for 
poor therapeutic response.

Patients and Methods
We conducted a retrospective, single-center study including 35 
patients diagnosed with active HCV-related cryoglobulinemia, 
recruited from 2003 to 2019 at the Infectious Disease Depart-
ment of SS. Annunziata Hospital in Chieti, Italy.

Inclusion Criteria
•	 Age ≥18 years, Informed consent, positive serum 
HCV RNA  6 mounts and presence of cryoglobulins in serum 
(symptomatic or asymptomatic)

Exclusion Criteria
•	 Non-active cryoglobulinemia, Co-infection with HIV 
or HBV, Prior treatment with rituximab or plasmapheresis

Endpoints
•	 Primary endpoint: Biochemical response (cryoglobu-
lins negative) 12 weeks post-treatment.
•	 Secondary endpoints: Identification of clinical predic-
tors of treatment response 

Data Collection
We collected clinical, virological, and laboratory data at base-
line, mid-therapy, end-of-therapy, and 12 weeks post-therapy.
Demographic data (Age, sex, nationality), Clinical data( BMI, 
comorbidities, HCV risk factors and medications for comor-
bidities), Virologic data( HCV RNA quantified by real-time 
PCR (Roche TaqMan CoBas), Genotyping via fluorescent 
automatic sequencing (Inno-LiPA), Cryocrit (cryoglobulin 
concentration) assessed after 7 days at 4°C), Liver and renal 
function test( AST, ALT, bilirubin, γ-GT, creatinine, eGFR 
(CKD-EPI), Complete blood count, Urinalysis (proteinuria, 
hematuria), Treatment regimens( DAAs group: Ombitasvir/
paritaprevir/ritonavir ± dasabuvir, glecaprevir/pibrentasvir, 
sofosbuvir-based combinations versus IFN group: Pegylated 
IFN-α2a or α2b, with or without ribavirin/corticosteroids), 

Vasculitis evaluation: (Renal damage: proteinuria, eGFR, Cu-
taneous and joint involvement ( purpura, ulcers, arthralgia), 
Neurological symptoms as  pain (VAS scale), neuropathy, On-
set of hypertension or diabetes)

Statistical Analysis
Categorical variables were compared using the Chi-square test. 
Quantitative variables are expressed as medians with ranges. 
Statistical significance was defined as p < 0.05. Analyses were 
performed using SPSS Advanced Statistics™ v13 (Chicago, 
IL, USA).

Results
Of the 35 patients, 15 received IFN-based therapy (IFN cohort) 
and 20 received DAAs (DAAs cohort). 
All were Caucasian; 29% male (n=10), 71% female (n=25). 
Mean age: 69.1 years (IFN) vs. 65.3 years (DAAs).
Table 1 shows the characteristics of the patients 6 months be-
fore starting HCV therapy. We identified different risk factors 
for HCV infection and comorbidities in Figure 1 and Figure 
2. Among patients that took IFN, 73% of them took maximum 
1 drug and 27% 2 or more drugs. In the DAAS cohort, 35% 
of patients took maximum 1 drug, instead 65% of them took 2 
or more. These data were significant (p=0,014). In the DAAs 
group, 10% received ribavirin, and 5% corticosteroids, versus 
the IFN group, where 87% received ribavirin and 27% cortico-
steroid (Table 2).

Efficacy Outcomes
Regarding HCV treatment, SVR12 rates were obtained in 60% 
of the IFN group and 94.7% of the DAAs group.

  IFN DAAs
Age (y) 69,13 ± 8,63 65,30 ± 16,35
HCVgenotype1 53,3% [7/15] 60% [12/20]
HCVgenotype2 40% [6/15] 40% [8/20]
HCVgenotype3 6,7% [1/15] 0 [0/20]
HCV-RNA [log UI/mL] 5,69 ± 5,76 6,19 ± 6,45
AST (U/L) 90,60 ± 50,87 71,35 ± 58,31
ALT (U/L) 94,33 ± 60,73 75,70 ± 59,92
eGFR (mL/min/1,73m2) 73,26 ± 18,92 86,28 ± 21,62
Protenuria 20% [3/15] 20% [4/20]
Hb (mg/dl) 13,24 ± 2,23 13,81 ± 1,28
PLT (cell/mmc) 170,47 ± 83,09 179,65 ± 69,47
WBC(cell/mmc) 5,50 ± 1,82 5,72 ± 2,13
Previous therapy
NAIVE 53,3% [8/15] 65% [13/20]
NON RESPONDER 26,7% [4/15] 15% [3/20]
RELAPSER 20% [3/15] 10% [2/20]
Incomplete Treatment 0 [0/15] 10% [2/20]
SYNTHOMS
Arthralgia 40% [6/15] 25% [5/20]
Asthenia/Fatigue 66,7% [10/15] 35% [7/20]
Diabetes 13,3% [2/15] 5% [1/20]
Hypertension 33,3% [5/15] 40% [8/20]
Neuropathy 26,7% [4/15] 5% [1/20]
Purpura 33,3% [5/15] 10% [2/20]
Ulcers 0 [0/15] 0 [0/20]
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Table 2: Clinical predictors of cryoglobulin response to HCV 
treatment. 

Figure 1: HCV Risk factor.

Figure 2: Comorbidities. 

  Cryoglobulins positive 
(no response) P value

Arthralgia 91% 0,03
Neuropathy 100% 0,08
Hypertension 77% 0,19
Asthenia/Fatigue 74% 0,19
Diabetes 100% 0,19
Purpura 74% 0,72
Proteinuria 100% 0,03

Our study showed that 35% of the subject responded to treat-
ment with 0% criocrit at 12 weeks. In detail, success rate in the 
DAAs cohort was 45% and 25% in the IFN cohort. Unfortu-
nately, these data were shown not to be significant (p> 0,05). 
Undetectable blood cryoglobulins at the end of the therapy, 
showed that 50% were men and 28% were woman. 
Among relapser patients, no one respond to our therapy, in-
stead, among naïve patients 33,3% had no detectable cryoglob-
ulins (0% cryocrit).

Regarding non-HCV related drug therapy, we noted that 100% 
of patients taking corticosteroids did not achieve response 
on cryoglobulins (p= 0,081). In addition, we looked closely 
to the correlation between clinical manifestations of vasculi-
tis and response to treatment. We observed that patients that 
had more signs or symptoms of cryoglobulinemia responded 
less to therapy. Although these data were not statistically sig-
nificant. Among patients that didn’t respond to therapy, 91% 

reported arthralgias (p≤0,04) and 100% reported neuropathy 
(non-significant). Among non-responder patients, 43% showed 
proteinuria. In the group of patients that responded no one 
had proteinuria (p≤0,03). Additionally, 69% of patients in the 
DAAs cohort who did not have proteinuria before HCV treat-
ment achieved negative cryoglobulins at follow-up. (p≤0,02).

Discussion
Mixed Cryoglobulinemia (MC) remains the most frequent ex-
trahepatic manifestation of Hepatitis C Virus (HCV) infection. 
While Direct-Acting Antivirals (DAAs) achieve Sustained Vi-
rological Response (SVR) in nearly all treated patients, cryo-
globulin clearance is not guaranteed, particularly in those with 
advanced or symptomatic vasculitis(16). Our study confirmed 
a higher SVR rate with DAAs compared to interferon (IFN)-
based therapy (94.7% vs. 60%), alongside a greater proportion 
of cryoglobulin clearance, despite a higher comorbidity burden 
in the DAAS cohort. These findings highlight the superior effi-
cacy and tolerability of DAAs, consistent with previous studies 
demonstrating improved clinical outcomes [15,17,18].

Proteinuria and arthralgia emerged as negative prognostic 
markers in our cohort, with proteinuria showing a stronger pre-
dictive value. Patients with baseline renal involvement were 
less likely to achieve complete cryoglobulinemia remission, 
aligning with the VASCUVALDIC-3 study and other litera-
ture [10,19]. MC-related vasculitis is characterized by immune 
complex deposition in blood vessels and tissues such as the 
skin, joints, kidneys, and peripheral nerves. The classic clini-
cal triad—arthralgia, asthenia, and purpura—remains the most 
common presentation [20-22]. Given the direct etiopathogenic 
role of HCV in MC, antiviral therapy remains the cornerstone 
of treatment. In contrast, DAAs not only improve SVR rates, 
but also appear to improve the remission of MC symptoms. 
Several authors have reported complete remission of vasculitis 
in approximately one-third of patients who achieved SVR12 
[23], other studies have also shown that treatment with DAAs 
significantly improved the management of HCV-related cryo-
globulins reported complete remission of vasculitis in 36% of 
patients who achieved SVR24, with SVR rates ranging from 
74% to 100%, other study showed DAAs have significantly 
improved the management [24,25]. Few studies have directly 
compared DAAs and IFN, but the VASCUVALDIC-3 trial re-
ported remission of vasculitis symptoms in 95.2% of patients 
treated with DAAs [10]. 

In our study of 35 patients with chronic HCV infection and 
active MC, 34.3% (12/35) achieved complete remission—
defined as undetectable serum cryoglobulins and absence of 
vasculitis symptoms. Notably, 75% of responders were in the 
DAAS cohort and 25% in the IFN cohort. Response rates were 
45% (9/20) for DAAs and 20% (3/15) for IFN.

The female-to-male ratio in our sample was 2.5:1, slightly low-
er than the 3:1 ratio reported in other analysis [26] While no 
studies were found directly comparing treatment response by 
sex, our data showed that 50% of males responded to therapy, 
compared to 28% of females—a difference that did not reach 
statistical significance.

Regarding treatment history, our findings suggested better out-
comes in treatment-naïve patients support: none of the relapsed 
patients achieved remission, whereas 33.3% of naïve patients 
responded.
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