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中 文 摘 要 ： 除了包括肝硬化和肝細胞癌在內的肝內併發症外，C型肝炎還會引起
許多肝外併發症，例如混合型冷凝球蛋白血症、低脂血症、糖尿病
和心血管病變。而混合型冷凝球蛋白血症是最常見的C型肝炎相關肝
外併發症。我們之前的研究顯示，64.5%的台灣慢性C型肝炎患者有
混合型冷凝球蛋白血症，而2.9%則有明顯臨床症狀。此外，在干擾
素治療C型肝炎成功8年後,有17.64%的患者仍有混合型冷凝球蛋白血
症。即使在C型肝炎病毒自發清除的患者中，混合型冷凝球蛋白血症
的罹病率也高達34.6%，這遠高於原發性混合型冷凝球蛋白血症的罹
病率（0.001%）。因此，對於台灣的C型肝炎病人，無論C肝是否治
療成功，混合型冷凝球蛋白血症是一個重要却未被重視的議題。藉
著檢測混合型冷凝球蛋白血症相關的單核苷酸多態性，吾人先前的
研究已顯示C型肝炎相關的混合型冷球蛋白血症的存在可能意味著身
體的免疫反應驅逐C型肝炎病毒的趨勢，而纖溶酶原激活物抑製劑-1
(PAI-1) 途徑與混合型冷凝球蛋白血症有高度相關。有趣的是，我
們之前的研究還顯示，接受干擾素治療而治療成功的C型肝炎患者在
治療後24週的血清纖溶酶原激活物抑製劑-1和補體（C3和C4)比未治
療前更高。此外，C型肝炎和混合型冷凝球蛋白血症對補體濃度存在
著交互影響。
   自2014年以來，已進入直接抗病毒劑口服藥時代，C型肝炎的治
療發生了革命性的變化。 然而，即使經直接抗病毒劑口服藥治療
，仍有相當比例的患者在C肝治療成功後產生了肝癌，真正的的致癌
機轉至今未明。有一研究顯示，在未經治療的C肝患者中，患有混合
型冷凝球蛋白血症者比沒有混合型冷凝球蛋白血症的患者産生肝癌
風險低。然而，另一研究却顯示，在直接抗病毒口服藥治療的C肝患
者中，不論C肝治癒與否, 混合型冷凝球蛋白血症是導致肝癌的因子
。混合型冷球蛋白血症是否增加治療前C肝患者肝癌風險已渾沌未明
，C肝治癒後混合型冷球蛋白血症如何影響肝癌風險更不可知。血清
纖溶酶原激活物抑製劑-1的濃度被認為可預測肝癌的長期預後，而
補體 C3a片段則是C肝相關肝癌的潛在生物標誌物。如前所述，我們
之前的研究清楚的證明了治療成功的C肝患者血中纖溶酶原激活物抑
製劑-1和補體濃度有升高的趨勢，C型肝炎和混合型冷凝球蛋白血症
對補體濃度有交互影響，以及纖溶酶原激活物抑製劑-1的機轉與混
合型冷凝球蛋白血症有關。綜合以上，無論病人是否治療成功，混
合型冷球蛋白血症可能在C型患者是否產生肝癌似乎扮演著重要角色
。
  因此，計畫旨在藉著對經直接抗病毒劑口服藥治療後的C肝患者進
行前瞻性研究，要確認在C肝治療成功前後混合型冷凝球蛋白血症對
肝癌風險的影響。

中文關鍵詞： C型肝炎；混合型冷凝球蛋白血症；單核苷酸多態性；血漿蛋白原活
化因子抑制物第一型;肝細胞癌

英 文 摘 要 ： Mixed cryoglobulinemia is the most common HCV-associated
extrahepatic complication. Several European and USA studies
have shown the beneficial effects of anti-HCV therapy, such
as interferon-based or direct-acting anti-viral agent (DAA)
therapies in curing HCV-associated mixed cryoglobulinemia,
although mixed cryoglobulinemia relapse despite achieving a



sustained virologic response (SVR) have been reported. In
contrast, mixed cryoglobulinemia is an elusive condition in
Asia. Our previous studies have shown, at baseline, 64.5%
of the Taiwanese chronic hepatitis C (CHC) patients had
mixed cryoglobulinaemia and 2.9% had mixed cryoglobulinemic
syndrome. Moreover, 17.64% of the CHC patients yielded SVRs
following interferon-based therapy had mixed
cryoglobulinemia 8 years post-therapy. Even among patients
with spontaneous HCV clearance, in Taiwan, the prevalence
rate of mixed cryoglobulinemia was up to 34.6%, which is
much higher (0.001%) than that of essential mixed
cryoglobulinemia. Thus, for Taiwanese HCV-infected
patients, regardless of SVR, mixed cryoglobulinemia is a
major issue. By surveying the mixed cryoglobulinemia-
associated single-nucleotide polymorphisms, we have shown
that the presence of HCV-associated mixed cryoglobulinemia
likely signify an immune reaction for expelling HCV and
plasminogen activator inhibitor-1 (PAI-1) pathway is
crucial for HCV-associated mixed cryoglobulinemia.
Interestingly, our previous studies also have demonstrated
that the SVR patients following interferon-based therapy
had higher 24-week post-therapy serum PAI-1 and complement
(C3 and C4) levels compared with baseline levels. Moreover,
there are interactive impacts from HCV infection and mixed
cryoglobulinemia on complement levels.
   In the post-SVR period, HCC still occurs in a
substantial proportion of patients and the true culprit
remained elusive. Previous studies had shown that a lower
HCC risk was noted in untreated CHC patients with
cryoglobulinemic vasculitis compared with CHC patients
without mixed cryoglobulinemia. However, among CHC patients
treated with DAAs, mixed cryoglobulinemia was reported to
be a positive predictor for developing HCC. Considering the
inconclusive effect of pre-therapy mixed cryoglobulinemia
on HCC risks in CHC patients, how post-SVR mixed
cryoglobulinemia affects the risk of HCC in SVR patients is
markedly unclear. It has been shown that high PAI-1
expression was predictive for long-term prognosis in HCC
and the complement C3a fragment is a potential biomarker
for HCV-related HCC. Consistently, as mentioned, our
previous studies had clearly demonstrated the trends of
increased PAI-1 and complement levels in SVR patients and
the PAI-1 pathway involvement in mixed cryoglobulinemia.
All above suggest that mixed cryoglobulinemia might play
crucial role in the development of HCC in CHC patients,
regardless of SVR.
  Accordingly, the current 3-year proposal will be aimed to
elucidate the impact of pre- and post-SVR mixed



cryoglobulinemia on HCC risk of CHC patients by conducting
a prospective study of SVRs patients following DAA therapy.
The presence of mixed cryoglobulinemia and emerging HCC
will be surveyed every 3 to 6 months during the follow-up.

英文關鍵詞： HCV; mixed cryoglobulinemia; SNP; PAI-1; complement; HCC
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In the study, we had published a paper to report the prevalence and phenotype of mixed 

cryoglobulinemia in SVR patients treated with DAA.  

Ming-Ling Chang, Jur-Shan Cheng, Ya-Hui Chuang, Li-Heng Pao, Ting-Shu Wu, Shiang-Chi Chen, Ming-Yu 

Chang, Rong-Nan Chien. Evolution of Cryoglobulinemia in Direct-Acting Antiviral-Treated Asian 

Hepatitis C Patients With Sustained Virological Responses: A 4-Year Prospective Cohort Study. Front 

Immunol. 2022 Mar 8;13:823160.  

Abstract 

Background: How cryoglobulinemia evolves after sustained virological response (SVR) following 

direct-acting antiviral (DAA) treatment in Asian hepatitis C virus (HCV)-infected patients remains elusive. 

Methods: A prospective cohort study was conducted in 422 Taiwanese patients (358 completed DAA therapy 

and 353 experienced SVRs). Serum cryoglobulins were surveyed at baseline and every 3-6 months 

posttherapy. Results: Of 422, 227 (53.8%) had cryoglobulinemia, 8 (1.89%) had cryoglobulinemic vasculitis. 

Of 227, 54 (23.8%), 57 (25.1%) and 116 (51.1%) had 1, 2 and 3 cryoglobulins, respectively; those with 3 

cryoglobulins had the highest alanine aminotransferase, immunoglobulin G (IgG) and fibrosis-4 index. During 

a 4-year follow-up, among SVR patients, cryoglobulinemia rates decreased from 56.4% to 15.4%, single 

cryoglobulin rates increased (21.6% to 63.9%) and 3 cryoglobulin rates decreased (55.7% to 11.1%). 

Compared with baseline values, among SVR patients with baseline cryoglobulinemia, complement 

component 4 levels increased, and IgG and IgM levels decreased until 48 weeks posttherapy for those without 

posttherapy cryoglobulinemia. All 8 cryoglobulinemic vasculitis patients exhibited SVRs; 5 (62.5%) achieved 

complete clinical response 12 weeks posttherapy, of whom, 2 (40%) experienced clinical relapse 24~48 weeks 

posttherapy. Baseline IgM levels were associated with posttherapy cryoglobulinemia in SVR patients (cut-off 

values at 12, 24, 48 weeks and 4 years posttherapy: 130, 105, 118 and 168 mg/dL, respectively). Conclusions: 

Among DAA-treated SVR patients, in 4 years, cryoglobulinemia rates decreased from 56.4% to 15.4%, 

multiple cryoglobulin rates decreased, cryoglobulinemia signals reversed, 62.5% of cryoglobulinemic 

vasculitis patients achieved complete clinical response (40% had relapse), and baseline IgM levels indicated 

posttherapy cryoglobulinemia. 
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The data showed, in 4 years, cryoglobulinemia rates decreased from 56.4% to 15.4%, multiple cryoglobulin 

rates decreased, cryoglobulinemia signals reversed, 62.5% of cryoglobulinemic vasculitis patients achieved 

complete clinical response (40% had relapse), and baseline IgM levels indicated posttherapy 

cryoglobulinemia. The 4-year prevalence of mixed cryoglobulinemia of SVR patients treated with DAA was 

shown in Figure 1. 

 
Figure 1. Percentage (95% confidence interval) of SVR patients with cryoglobulinemia. Time points: 0: baseline; 3, 6, 12, 18, 

24, 30, 36, 42 and 48: 3, 6, 12, 18, 24, 30, 36, 42 and 48 months after completion of DAA therapy, respectively.  

However, 2 (40%) female SVR patients of the 5 complete clinical responders experienced relapses. One 

experienced relapse at 24 weeks posttherapy, and then her symptoms and serum cryoglobulin disappeared; the 

other experienced relapses at 36 and 48 weeks posttherapy, and her serum cryoglobulins varied at 4 years 

posttherapy (undetectable at 12 and 24 weeks posttherapy, detectable at 48 and 72 weeks posttherapy, 

undetectable at 96 weeks posttherapy, and detectable after 144 weeks posttherapy). All relapses were 

associated with milder symptoms than those at baseline (Figure 2). 



 3

 
Figure 2. Leg lesions at baseline (A, B) and 3 years posttherapy (C) in a representative CHC patient with 

cryoglobulinemic vasculitis who achieved an SVR and a complete clinical response at 12 weeks posttherapy. (A) Multiple 

well-demarcated ulcers with black base and slightly elevated erythematous margins over the left calf of the patient. (B) Many 

punched-out, deep ulcers with crusting and elevated inflamed edges over the left dorsal foot of the patient. (C) Marked improvement 

in previous ulcers of the left dorsal foot of the same patient. However, newly developed, swollen, erythematous to purpuric papular 

lesions were noted at the roots of the third and fourth toes. 

  Moreover, we also had enrolled 362 SVR patients to follow their post-SVR mixed cryoglobulinemia 

and cancer status. The preliminary data showed, of 362 SVR patients, 131 (36.2%) had baseline (i.e., 

twenty-four weeks after completion of interferon-based anti-HCV therapy) mixed cryoglobulinemia. The 

cumulative incidence of cancer was 16.1%. Among the 22 patients with emerging cancers, 14 (63.6%) had 

HCCs (cumulative incidence, 12.7%), 2 had gastric cancers, and the remaining patients had other cancers. 

Associations of baseline variables were as follows: for cancer, male sex [95% confidence interval of hazard 

ratio (HR): 1.172-17.117 (HR: 5.316)], age [1.002-1.079 (1.041); cutoff >53 years], and triglyceride levels 

[1.001-1.009 (1.005); cutoff >140 mg/dL]; and for HCC, male sex [1.06-16.49 (8.519)], age [1.001-1.111 

(1.054); cutoff >53 years], and cirrhosis [1.278-7.956 (3.288)]. Among SVR patients who developed emerging 

HCC, with a lag period of 847 days, a longer mean time to HCC was noted in those with baseline mixed 

cryoglobulinemia than in those without (1,987±669 vs. 1,140±655 days, p=0.0351) (Figure 12). Thus, male 

SVR patients aged >53 years with cirrhosis and baseline triglyceride levels >140 mg/dL require intensive 

monitoring for emerging cancers, especially HCC. Tailored HCC follow-up is needed for SVR patients 
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according to baseline mixed cryoglobulinemia. 

Figure 3. Cumulative incidence of hepatocellular carcinoma (HCC) in patients with sustained virological responses with 

(solid line) and without 24-week post-therapy mixed cryoglobulinemia (MC). The lag period to HCC development between 

patients with and without 24-week post-therapy MC is 847 days (doubled-headed arrow). 



Evolution of Cryoglobulinemia in
Direct-Acting Antiviral-Treated Asian
Hepatitis C Patients With Sustained
Virological Responses: A 4-Year
Prospective Cohort Study
Ming-Ling Chang1,2*, Jur-Shan Cheng3,4, Ya-Hui Chuang2,5, Li-Heng Pao6,7,
Ting-Shu Wu2,8, Shiang-Chi Chen9, Ming-Yu Chang10 and Rong-Nan Chien1,2*

1 Division of Hepatology, Department of Gastroenterology and Hepatology, Chang Gung Memorial Hospital, Taoyuan,
Taiwan, 2 Department of Medicine, College of Medicine, Chang Gung University, Taoyuan, Taiwan, 3 Clinical Informatics and
Medical Statistics Research Center, College of Medicine, Chang Gung University, Taoyuan, Taiwan, 4 Department of
Emergency Medicine, Chang Gung Memorial Hospital, Keelung, Taiwan, 5 Department of Dermatology, Chang Gung
Memorial Hospital, Taipei, Taiwan, 6 Graduate Institute of Health-Industry Technology, Chang Gung University of Science and
Technology, Taoyuan, Taiwan, 7 Research Center for Industry of Human Ecology, Chang Gung University of Science and
Technology, Taoyuan, Taiwan, 8 Division of Infectious Diseases, Department of Internal Medicine, Linkou, Taiwan,
9 Department of Nursing, Taipei Medical University, Taipei, Taiwan, 10 Division of Pediatrics, Chang Gung Memorial Hospital,
Keelung, Taiwan

Background: How cryoglobulinemia evolves after sustained virological response (SVR)
following direct-acting antiviral (DAA) treatment in Asian hepatitis C virus (HCV)-infected
patients remains elusive.

Methods: A prospective cohort study was conducted in 422 Taiwanese patients (358
completed DAA therapy and 353 experienced SVRs). Serum cryoglobulins were surveyed
at baseline and every 3-6 months posttherapy.

Results: Of 422, 227 (53.8%) had cryoglobulinemia, 8 (1.89%) had cryoglobulinemic
vasculitis. Of 227, 54 (23.8%), 57 (25.1%) and 116 (51.1%) had 1, 2 and 3 cryoglobulins,
respectively; those with 3 cryoglobulins had the highest alanine aminotransferase,
immunoglobulin G (IgG) and fibrosis-4 index. During a 4-year follow-up, among SVR
patients, cryoglobulinemia rates decreased from 56.4% to 15.4%, single cryoglobulin
rates increased (21.6% to 63.9%) and 3 cryoglobulin rates decreased (55.7% to 11.1%).
Compared with baseline values, among SVR patients with baseline cryoglobulinemia,
complement component 4 levels increased, and IgG and IgM levels decreased until 48
weeks posttherapy for those without posttherapy cryoglobulinemia. All 8 cryoglobulinemic
vasculitis patients exhibited SVRs; 5 (62.5%) achieved complete clinical response 12
weeks posttherapy, of whom, 2 (40%) experienced clinical relapse 24~48 weeks
posttherapy. Baseline IgM levels were associated with posttherapy cryoglobulinemia in
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SVR patients (cut-off values at 12, 24, 48 weeks and 4 years posttherapy: 130, 105, 118
and 168 mg/dL, respectively).

Conclusions: Among DAA-treated SVR patients, in 4 years, cryoglobulinemia rates
decreased from 56.4% to 15.4%, multiple cryoglobulin rates decreased, cryoglobulinemia
signals reversed, 62.5% of cryoglobulinemic vasculitis patients achieved complete clinical
response (40%had relapse), and baseline IgM levels indicated posttherapy cryoglobulinemia.

Keywords: cryoglobulinemia, DAA, HCV, SVR, cryoglobulinemic vasculitis

INTRODUCTION

Hepatitis C virus (HCV) is a human pathogen responsible for
acute and chronic liver disease. It is chronically infecting an
estimated 71.1 million individuals worldwide (1) and classified
into 8 genotypes (2). In addition to hepatic complications such as
cirrhosis and hepatocellular carcinoma, HCV causes many
extrahepatic complications, including mixed cryoglobulinemia
(3) , obesity , diabetes and dysl ipidemia (4) . Mixed
cryoglobulinemia is the most common HCV-associated
extrahepatic complication; up to 90% of patients with mixed
cryoglobulinemia harbor HCV infection, and over 60% of
patients with chronic HCV infection (CHC) have circulating
mixed cryoglobulins (3, 5). Most of the information regarding
HCV-associated mixed cryoglobulinemia came from studies
conducted in Europe (6–8) or the USA (9). By contrast, in
Asia, mixed cryoglobulinemia is an elusive condition. We
previously showed that over 60% of Taiwanese patients with
CHC had mixed cryoglobulinemia (3), and even among patients
with spontaneous HCV clearance, approximately 1/3 had mixed
cryoglobulinemia (10). Mixed cryoglobulinemia thus is not a
minor issue for Asian individuals with HCV infection. Up to 8
years posttherapy, the prevalence of mixed cryoglobulinemia
among CHC patients who achieved sustained virological
responses (SVRs) following interferon-based anti-HCV therapy
was still 17.64% (3). As interferon has immune-modulating
functions, the persistence of mixed cryoglobulinemia after SVR
may be induced by the withdrawal of interferon-based therapy
(11). With the advent of direct-acting antivirals (DAAs), which
target specific HCV proteins during its life cycle (12), anti-HCV
treatment has resulted in a high cure rate with a short treatment
duration in CHC patients, and the recovery pattern of HCV-
associated mixed cryoglobulinemia may not be masked by
immune-modulating effects. Several studies in Europe (13–17),
Canada (18) and the USA (19) have shown the beneficial effects
of DAA in treating HCV-associated mixed cryoglobulinemia,
with complete clinical response rates ranging from 61 to 100%.
Although some sporadic cases were reported in Japan (20–22),
the precise effect of DAA in treating mixed cryoglobulinemia has
mostly remained unidentified among CHC patients in Asia.

Accordingly, we sought to elucidate this effect in Taiwan, an
Asian country where HCV infection is rampant (23), by
conducting a 4-year prospective study analyzing serum
cryoglobulins of CHC patients before and every 12-24 weeks
after the completion of DAA therapy.

METHODS/MATERIALS

Patients
The study included subjects aged 18 years or older with CHC
who had been surveyed for baseline cryoglobulinemia. Subjects
with human immunodeficiency virus or hepatitis B virus
infection, hemochromatosis, primary biliary cholangitis,
primary sclerosing cholangitis, autoimmune hepatitis,
immunosuppressive therapy for any reason, alcoholic liver
disease or malignancy and recipients of solid organ transplants
were excluded. CHC was defined as detectable HCV RNA for
>24 weeks. Cryoglobulinemia was defined as positive for serum
cryoglobulin, and cryoglobulinemic vasculitis was defined as
described previously (3, 19).

Study Design
A total of 422 CHC patients who had been surveyed for serum
cryoglobulins were consecutively recruited at a tertiary referral
center between May 2015 and December 2019. Of the 422
patients, 358 completed a course of anti-HCV therapy with
various DAA combinations (Supplementary Table 1) according
to the reimbursement policy of the Bureau of National Health
Insurance of the country and were followed for ≥ 12 weeks after
completion of DAA therapy. Several baseline factors, including sex,
age, body mass index (BMI), HCV RNA, HCV genotype, single-
nucleotide polymorphisms of interferon-l3-rs12979860,
cryoglobulin, estimated glomerular filtration rate (eGFR), total
cholesterol (TC), triglycerides (TG), homeostatic model
assessment for insulin resistance (HOMA-IR) [fasting insulin (mU/
mL) × fasting glucose (mmol/L)/22.5], alanine aminotransferase
(ALT), rheumatoid factor (RF), immunoglobulin G (IgG), IgM,
complement component 3 (C3), C4 and fibrosis-4 (FIB-4) index
[(age (years) × aspartate transaminase (U/L)/(platelets (109/L) ×
(√(ALT (U/L))], and the presence of hepatic cirrhosis were surveyed
and recorded for enrolled patients. Biochemical tests were
performed at the clinical pathology laboratories of the hospital
using routine automated techniques, serum cryoglobulins were
measured using the double immunodiffusion method (24),
hepatic cirrhosis was screened by abdominal sonography and
confirmed by FibroScan. An SVR was defined as undetectable
levels of HCV RNA 12 weeks after the completion of therapy.
The clinical response of cryoglobulinemic vasculitis following SVR
was considered complete if a patient’s Birmingham vasculitis
activity score (version 3) was 0 or if all affected organs improved
12 weeks after the end of therapy (17). The cryoglobulins and the

Chang et al. Cryoglobulinemia in DAA-Treated SVR Patients
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aforementioned variables were surveyed among the SVR patients
every 12-24 weeks after the completion of therapy.

Statistics
All statistical analyses were performed using the Statistical
Package for Social Science (SPSS package version 21, SPSS Inc.,
Chicago, IL, USA) or MedCalc (MedCalc ver. 12.4, MedCalc
Software Corp., Acacialaan, Ostend, Belgium) software. The
continuous variables are summarized as the means +/-
standard deviations (SDs), and the categorical variables are
summarized as frequencies and percentages. Data were
analyzed by one-way analysis of variance (ANOVA) when
comparing variables from multiple groups. Post hoc analyses
were performed with the least significant difference multiple
comparison test. Multivariate logistic regression models were
used to assess the relationships between various dependent and
independent factors by adjusting for all independent variables
with p values <0.1 in the univariate analyses. Hosmer-Lemeshow
tests were performed to survey the goodness of fit for the
multivariate logistic regression models. Receiver operating
characteristic curve (ROC) analyses were performed to
evaluate whether independent variables were significant
predictors of the dependent variables. The Youden index was
assessed to identify the optimal cut-off values of the independent
variables according to the coordinate points of the ROC curves.
Longitudinal alterations in profiles within the same SVR patients
were analyzed and compared using ANOVA, employing general
linear model-repeated measures. Paired t tests or nonparametric
tests (Wilcoxon test) were performed for the same variable
measured in the same subjects at >2 time periods when
Mauchly’s sphericity tests yielded p values <0.05 during
repeated measures. The 95% confidence intervals for mixed

cryoglobulinemia rates were calculated based on the Poisson
distribution. Statistical significance was defined at the 5% level
based on two-tailed tests.

Institutional Review Board
Written informed consent was obtained from each patient. The
study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the local
institutional review board.

RESULTS

Baseline Characteristics
Of 422 CHC patients, 227 (53.8%) had cryoglobulinemia, 8 (1.89%)
had cryoglobulinemic vasculitis, and 65 had undergone previous
unsuccessful interferon-based therapy. Of 65, 30 (46.5%) had
cryoglobulinemia. Compared with patients without
cryoglobulinemia, the patients with baseline cryoglobulinemia
were more frequently female; had higher FIB-4 indexes, IgG and
IgM levels; had higher cirrhosis rates; and had lower HCV RNA,
TC, eGFR, C3 and C4 levels and platelet counts (Table 1).

The cryoglobulin components of the 227 subjects with
cryoglobulinemia are listed in Table 2. Of 227 patients, 54
(23.8%) had 1 cryoglobulin (with either IgM or IgG), 57
(25.1%) had 2 cryoglobulins (most were IgG and IgM), and
116 (51.1%) had 3 cryoglobulins (IgG, IgA and IgM). Among the
277 patients, those with 3 cryoglobulins had the highest ALT and
IgG levels and FIB-4 indexes and the lowest platelet counts.
Compared with those without cryoglobulinemia, those with 1
cryoglobulin had lower BMI, ALT and eGFR and higher IgM
levels. Those with 3 cryoglobulins were more frequently female;

TABLE 1 | Baseline characteristics of patients with CHC.

Total (n = 422) Cryoglobulinemia (+) (n = 227) Cryoglobulinemia (-) (n = 195) p values

Female, n (%) 232 (54.3) 139 (61.2) 93 (47.7) 0.008
Age (years) 60.3+/-12.8 61.4+/-12.6 59.1+/-12.9 0.072
BMI (kg/m2) 24.6+/-3.8 24.3+/-3.8 24.9+/-3.9 0.07
Log HCV RNA (logIU/mL) 5.98+/-0.87 5.80/-0.87 6.14+/-0.83 <0.001
HCV genotype
Genotype 1, n (%) 254 (60.2) 136 (59.9) 118 (60.5) 0.397
Genotype 2, n (%) 125 (29.6) 70 (30.8) 55 (28.1) 0.377
Genotype 3, n (%) 6 (1.4) 5 (2.2) 1 (0.5) 0.155
Others, n (%) 37 (8.8) 16 (7.0) 21 (10.7) 0.157

ALT(U/L) 79.7+/-90.3 76.6+/-56.4 83.9+/-118.6 0.4
FIB-4 3.52+/-3.38 4.29 +/-3.98 2.65+/-2.29 <0.001
Platelet (103/mm) 177.0+/-71.7 165.3+/-75.6 190.6+/-68.8 0.003
Liver cirrhosis, n (%) 92 (21.5) 67 (29.5) 25 (16.7) 0.002
eGFR (ml/min/1.73m2) 86.7+/-41.9 87.9+/-41.9 91.5+/-40.5 0.019
Total cholesterol (mg/dL) 169.6+/-35.2 163.6+/-35.3 176.1+/-33.6 <0.001
Triglycerides (mg/dL) 102.8+/-52.5 100.2+/-50.9 103.5+/-46.3 0.495
HOMA-IR 3.17+/-4.88 2.90+/-2.96 3.34+/-6.30 0.353
C3 (mg/dL) 100.0+/-20.2 95.8+/-19.3 104.4+/-20.2 <0.001
C4 (mg/dL) 19.4+/-8.5 17.6+/-9.0 21.3+/-7.4 <0.001
IgG (mg/dL) 1802+/-478 1916+/-483 1675+/-442 <0.001
IgM (mg/dL) 114.5+/-60.4 136.4+/-66.2 90.5+/-42.4 <0.001
RF(IU/mL) 20.26+/-46.57 24.9+/-61.2 15.2+/-20.6 0.064

CHC, chronic hepatitis C virus infection; BMI, body mass index; ALT, alanine transaminase; FIB-4, Fibrosis-4; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostasis model
assessment-insulin resistance; C3, complement component 3; C4, complement component 4; IgG, Immunoglobulin G; IgM, Immunoglobulin M; RF, rheumatoid factor.
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were older; had higher FIB-4, IgG and IgM levels; and had lower
HCV RNA, TC, TG, C3, and C4 levels and platelet counts
(Supplementary Table 2).

Longitudinal Follow-Up of
Cryoglobulinemia Among SVR Patients
Of 358 patients who completed a course of DAA therapy, 65 (18.1%)
had undergone previous unsuccessful interferon-based therapy, and
353 (98.6%) had achieved SVRs. During a 4-year follow-up (mean +/-
standard deviation: 607+/-114 days, median: 567 days, range: 434 to
1460 days), among the 353 SVR patients, the rates of
cryoglobulinemia decreased over time: from 56.4% at baseline to
15.4% at 4 years posttherapy (Figure 1); of the SVR patients with
cryoglobulinemia, the rates of 1 cryoglobulin increased (21.6% to

63.9%) and that of 3 cryoglobulins decreased over time (55.7% to
11.1%). Although cryoglobulinemia rates decreased over time, the
serum cryoglobulins in SVR patients varied during the follow-up
period. The cryoglobulinemia rates among the SVR patients with and
without baseline cryoglobulinemia were 27.6% and 9.0% at 4 years
posttherapy, respectively (Supplementary Table 3). The most
common combinations of immunoglobulins in the cryoglobulins
were as follows: at baseline, IgG2+, IgA1+ and IgM2+ (10.2%); at 12
weeks posttherapy, IgM1+ (7.6%); at 24 weeks posttherapy, IgM1+
(4.2%) or IgG1+ (4.2%); at 48 weeks posttherapy, IgM1+ (3.4%); and
at the final follow-up, IgG1+ (1.4%).

Among the SVR patients with baseline cryoglobulinemia,
compared with baseline levels, at 12 weeks posttherapy, C3 and
C4 levels increased and IgG, IgM and RF levels decreased for

TABLE 2 | Baseline characteristics of 227 cryoglobulin-posive CHC patients.

Single cryoglobulin
[C1, n = 54 (23.7%)]

2 cryoglobulins
[C2, n = 57 (25.1%)]

3 Cryoglobulins
[C3, n = 116 (51.1%)]

ANOVA p values Post Hoc p values

Female, n (%) 29 (53.7) 36 (63.2) 71 (61.2) 0.553
Age (years) 59.8+/-12.85 59.7+/-12.2 62.9+/-12.7 0.185
BMI (kg/m2) 23.44+/-3.37 24.8+/-3.89 24.4+/-3.87 0.145
Log HCV RNA (logIU/mL) 6.03+/-0.85 5.79+/-1.00 5.76+/-0.81 0.149
HCV genotype
Genotype 1, n (%) 30 (55.6) 33 (57.9) 70 (60.3) 0.843
Genotype 2, n (%) 18 (33.3) 19 (33.3) 33 (28.4) 0.680
Genotype 3, n (%) 1 (1.9) 0 (0) 4 (3.4) 0.35
Others, n (%) 5 (9.2) 5 (8.7) 9 (7.7) 0.877

Cryoglobulin components
IgG 1+, n (%) 18 (33.3)
IgG 2+, n (%) 12 (22.2)
IgM 1+, n (%) 24 (46.3)
IgG 1+, IgA 1+, n (%) 1 (1.8)
IgG 1+, IgM 1+, n (%) 21 (36.8)
IgA 1+, IgM 1+, n (%) 1 (1.8)
IgG2+, IgM 1+, n (%) 13 (22.8)
IgA 2+, IgM 2+, n (%) 1 (1.8)
IgG2+, IgM 2+, n (%) 20 (30.5)
IgG1+, IgA1+, IgM 1+, n (%) 25 (21.6)
IgG1+, IgA1+, IgM2+, n (%) 2 (1.7)
IgG2+, IgA1+, IgM1+, n (%) 33 (28.4)
IgG2+, IgA1+, IgM2+, n (%) 39 (33.6)
IgG2+, IgA2+, IgM1+, n (%) 1 (0.9)
IgG2+, IgA2+, IgM2+, n (%) 16 (13.8)

ALT(U/L) 53.8+/-39.2 74.0+/-54.8 88.5+/-60.7 0.001 C1 vs. C3, p< 0.001
C2 vs. C3, p = 0.048

FIB-4 2.74 +/-2.41 3.09+/-3.28 5.56+/-4.42 <0.001 C1 vs. C3, p < 0.001
C2 vs C3, p < 0.001

Platelet (103/mm) 191.9+/-73.9 184.4+/-67.3 143.6+/-68.1 <0.001 C1 vs. C3, p < 0.001
C2 vs C3, p < 0.001

Liver cirrhosis, n (%) 8 (14.8) 13 (22.8) 40 (34.5) 0.018 C1 vs. C3, p = 0.006
eGFR (ml/min/1.73m2) 75.7+/-43.7 82.8+/-42.3 84.3+/-40.9 0.453
Total cholesterol (mg/dL) 168.2+/-41.0 162.6+/-27.7 162.0+/-36.0 0.561
Triglycerides (mg/dL) 116.9+/-70.6 101.1+/-48.7 92.2+/-38.7 0.014 C1 vs. C3, p = 0.004
HOMA-IR 2.67+/-3.74 2.76 +/-1.88 3.06+/-3.01 0.683
C3 (mg/dL) 97.8+/-15.5 103.6+/-23.2 93.0+/-18.6 0.033 C2 vs. C3, p = 0.001
C4 (mg/dL) 18.9+/-7.5 20.1+/-14.2 16.5+/-7.3 0.123
IgG (mg/dL) 1696.5+/-388 1798+/-418 2017+/-500 0.002 C1 vs. C3, p = 0.01

C2 vs. C3, p = 0.034
IgM (mg/dL) 134.0+/-62.2 108.8+/-46.5 145.1+/-70.4 0.036 C2 vs. C3, p = 0.01
RF (IU/mL) 14.03+/-7.45 16.5+/-19.1 30.6+/-75.9 0.322

CHC, chronic hepatitis C virus infection; ANOVA, Analysis of variance; BMI, body mass index; IgG, Immunoglobulin G; IgA, Immunoglobulin A; IgM, Immunoglobulin M; ALT, alanine
transaminase; FIB-4, Fibrosis-4; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostasis model assessment-insulin resistance; C3, complement component 3; C4, complement
component 4; IgG, Immunoglobulin G; IgM, Immunoglobulin M; RF, rheumatoid factor.
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those without 12-week posttherapy cryoglobulinemia; at 24 and
48 weeks posttherapy, C4 levels increased and IgG and IgM levels
decreased for those without cryoglobulinemia until 48 weeks
posttherapy (Supplementary Table 4).

Of the 8 patients with baseline cryoglobulinemic vasculitis, 8
(100%) had SVRs, and 5 (62.5%) achieved complete clinical
responses at 12 weeks posttherapy. However, 2 (40%) female

patients of the 5 complete clinical responders experienced
relapses. One experienced relapse at 24 weeks posttherapy, and
then her symptoms and serum cryoglobulin disappeared; the other
experienced relapses at 36 and 48 weeks posttherapy, and her
serum cryoglobulins varied at 4 years posttherapy (undetectable at
12 and 24 weeks posttherapy, detectable at 48 and 72 weeks
posttherapy, undetectable at 96 weeks posttherapy, and detectable

FIGURE 1 | Percentage (95% confidence interval) of SVR patients with cryoglobulinemia. Time points: 0: baseline; 3, 6, 12, 18, 24, 30, 36, 42 and 48: 3, 6, 12, 18,
24, 30, 36, 42 and 48 months after completion of DAA therapy, respectively.

A

B C

FIGURE 2 | Leg lesions at baseline (A, B) and 3 years posttherapy (C) in a representative CHC patient with cryoglobulinemic vasculitis who achieved an SVR and a
complete clinical response at 12 weeks posttherapy. (A) Multiple well-demarcated ulcers with black base and slightly elevated erythematous margins over the left calf
of the patient. (B) Many punched-out, deep ulcers with crusting and elevated inflamed edges over the left dorsal foot of the patient. (C) Marked improvement in
previous ulcers of the left dorsal foot of the same patient. However, newly developed, swollen, erythematous to purpuric papular lesions were noted at the roots of
the third and fourth toes.
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after 144 weeks posttherapy). All relapses were associated with
milder symptoms than those at baseline (Figure 2).

Factors Associated With Posttherapy
Cryoglobulinemia in SVR Patients
n SVR patients, baseline IgM levels were independently
assoc iated with 12-week and 24-week posttherapy
cryoglobulinemia (Supplementary Tables 5, 6), baseline BMI
and IgM levels were independently associated with 48-week
posttherapy cryoglobulinemia (Table 3), and baseline TC and

IgM levels were independently associated with 4-year
posttherapy cryoglobulinemia (Table 4). Baseline IgM
significantly predicted posttherapy cryoglobulinemia, and the
associated areas under the curve (AUCs) were as follows: 12-
week posttherapy cryoglobulinemia, 0.703 (cut-off value: >130
mg/dL, p<0.001, Figure 3A) ; 24-week posttherapy
cryoglobulinemia, 0.691 (cut-off value: >105 mg/dL, p<0.001,
Figure 3B); 48-week posttherapy cryoglobulinemia, 0.738 (cut-
off value: >118 mg/dL, p<0.001, Figure 3C); and 4-year
posttherapy cryoglobulinemia, 0.677 (cut-off value: >168 mg/
dL, p=0.033, Figure 3D).

TABLE 3 | Univariate and multivariate analyses of baseline factors for 48-week post-therapy cryoglobulinemia in SVR patients.

Univariate Multivariate

OR (95% CI OR) p values OR (95% CI OR) p values

Male, yes 0.398 (0.183-0.863) 0.02 0.514 (0.211-1.254) 0.144
Age (years) 1.025 (0.995-1.056) 0.097 1.015 (0.977-1.054) 0.449
BMI (kg/m2) 1.113 (1.021-1.212) 0.015 1.120 (1.011-1.241) 0.03
ALT(U/L) 0.995 (0.988-1.002) 0.157
FIB-4 1.110 (1.016-1.212) 0.02 0.953 (0.801-1.134) 0.589
Platelet (103/mm) 0.994 (0.989-1.000) 0.039 0.997 (0.989-1.006) 0.548
Liver cirrhosis, n (%) 3.144 (1.479-6.686) 0.003 1.516 (0.578-3.975) 0.397
eGFR (ml/min/1.73m2) 0.998 (0.988-1.007) 0.613
Total cholesterol (mg/dL) 0.995 (0.984-1.007) 0.436
Triglycerides (mg/dL) 0.997 (0.989-1.006) 0.533
HOMA-IR 0.977 (0.879-1.085) 0.662
C3 (mg/dL) 0.987 (0.969-1.005) 0.164
C4 (mg/dL) 0.967 (0.921-1.026) 0.180
IgG (mg/dL) 1.001 (1.000-1.002) 0.01 1.001 (0.999-1.002) 0.259
IgM (mg/dL) 1.016 (1.009-1.023) <0.001 1.015 (1.008-1.023) <0.001
RF(IU/mL) 0.997 (0.983-1.012) 0.69

SVR, sustained virological response; OR, Odds ratio; CI, confidence invertal; BMI, body mass index; ALT, alanine transaminase; FIB-4, Fibrosis-4; eGFR, estimated glomerular filtration
rate; HOMA-IR, homeostasis model assessment-insulin resistance; C3, complement component 3; C4, complement component 4; IgG, Immunoglobulin G; IgM, Immunoglobulin M; RF,
rheumatoid factor.

TABLE 4 | Univariate and multivariate analyses of baseline factors for 4-year post-therapy cryoglobulinemia in SVR patients.

Univariate Multivariate

HR (95% CI HR) p values HR (95% CI HR) p values

Male, yes 0.461 (0.147-1.449) 0.185
Age (years) 1.039 (0.988-1.094) 0.139
BMI (kg/m2) 0.907 (0.765-1.765) 0.26
ALT (U/L) 1.002 (0.993-1.011) 0.717
FIB-4 1.088 (0.972-1.217) 0.142
Platelet (103/mm) 0.995 (0.986-1.003) 0.232
Liver cirrhosis, n (%) 1.526 (0.511-4.554) 0.448
eGFR (ml/min/1.73m2) 1.001 (0.984-1.018) 0.935
Total cholesterol (mg/dL) 0.98 (0.959-1.001) 0.063 0.971 (0.947-0.995) 0.017
Triglycerides (mg/dL) 0.998 (0.987-1.008) 0.697
HOMA-IR 0.828 (0.581-1.178) 0.293
C3 (mg/dL) 0.985 (0.963-1.008) 0.197
C4 (mg/dL) 0.942 (0.862-1.030) 0.19
IgG (mg/dL) 0.999 (0.998-1.000_ 0.251
IgM (mg/dL) 1.007 (1.001-1.013) 0.032 1.010 (1.003-1.008) 0.008
RF(IU/mL) 1.006 (0.977-1.037) 0.683

SVR, sustained virological response; HR, hazard ratio; CI, confidence invertal; BMI, body mass index; ALT, alanine transaminase; FIB-4, Fibrosis-4; eGFR, estimated glomerular filtration
rate; HOMA-IR, homeostasis model assessment-insulin resistance; C3, complement component 3; C4, complement component 4; IgG, Immunoglobulin G; IgM, Immunoglobulin M;
RF, rheumatoid factor.
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DISCUSSION

The most compelling results of the current study were as follows:
(1) Of 422 CHC patients, 227 (53.2%) had baseline

cryoglobulinemia; these patients were more frequently female;
had higher FIB-4, IgG and IgM levels and cirrhosis rates; and had
lower HCV RNA, TC, eGFR, C3 and C4 levels and platelet
counts than patients without cryoglobulinemia. (2) Of 227
patients with baseline cryoglobulinemia, 54 (23.8%), 57
(25.1%) and 116 (51.1%) had 1 cryoglobulin, 2 and 3
cryoglobulins, respectively. Among patients with baseline
cryoglobulinemia, those with 3 cryoglobulins had the highest
ALT and IgG levels and FIB-4 indexes and the lowest platelet
counts. (3) During a follow-up to 4 years, among the SVR
patients, the cryoglobulinemia rates decreased over time
(56.4% to 15.4%); among those with cryoglobulinemia, the 1
cryoglobulin rates increased and 3 cryoglobulin rates decreased
over time. Among 8 patients with cryoglobulinemic vasculitis, 8
(100%) had SVRs, and 5 (62.5%) had complete clinical responses
at 12 weeks posttherapy, but 2 of 5 (40%) complete clinical
responders experienced relapses in 4 years. (4) Among the SVR

patients with baseline cryoglobulinemia, compared with baseline
levels, up to 48 weeks posttherapy, C4 levels increased and IgG
and IgM levels decreased among those without any posttherapy
cryoglobulinemia. (5) Baseline IgM significantly predicted
posttherapy cryoglobulinemia in SVR patients.

Our previous study showed that the baseline rate of
cryoglobulinemia in CHC patients was 64.5% (3), which was
higher than that (53.2%) in the current study, in which 65
patients had undergone unsuccessful interferon-based therapy,
and only 46.5% of the 65 patients had baseline cryoglobulinemia.
This finding is consistent with the fact that mixed
cryoglobulinemia was linked with a favorable interferon
therapeutic response (25), and a lower cryoglobulinemia rate in
patients with previous interferon treatment failure (46.5 vs. 64.5%)
might reduce the average cryoglobulinemia rate in the current
cohort. Compared with patients without cryoglobulinemia,
patients with cryoglobulinemia had higher cirrhosis rates and
FIB-4 indexes and lower TC levels and platelet counts, indicating
that mixed cryoglobulinemia was associated with cirrhosis and
poor cholesterol synthesis (3, 10), while patients with
cryoglobulinemia had higher levels of IgG and IgM and lower

A B

C D

FIGURE 3 | ROC curves of the ability of pretherapy IgM to predict 12-week posttherapy (cut-off value >130 mg/dL, AUC): 0.703, 95% CI AUC: 0.646-0.757, sensitivity:
56.10%, specificity: 80.10%, p < 0.0001) (A), 24-week posttherapy (cut-off value >105 mg/dL, AUC: 0.691, 95% CI AUC: 0.630-0.747, sensitivity: 71.13%, specificity:
60.31%, p < 0.0001) (B), 48-week posttherapy [cut-off value >118 mg/dL, AUC: 0.738, 95% CI AUC: 0.670-0.799, sensitivity: 66.67%, specificity: 71.97%, p < 0.0001)
(C), and 4-year posttherapy cryoglobulinemia (cut-off value >168 mg/dL, AUC: 0.677, 95% CI AUC: 0.564-0.776, sensitivity: 40.00%, specificity: 92.54%, p = 0.0287) (D).
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levels of C3, C4 and HCV RNA, reflecting the paramount
phenotype of mixed cryoglobulinemia (3, 10, 26). Thus, the
baseline comparisons strengthen the reliability of our data.

Interestingly, approximately 1/4 (23.8%) and 1/2 (51.1%) of the
patients with cryoglobulinemia had 1 cryoglobulin and 3
cryoglobulins, respectively. The term cryoglobulinemia refers to
the presence of one (type I) or more immunoglobulins (types II
and III) in the serum (27). Specifically, type I cryoglobulins consist
of a single monoclonal isotype. Type II cryoglobulins consist of
monoclonal IgM/polyclonal IgG immune complexes, whereas in
type III cryoglobulins, both IgM and IgG are polyclonal (28), and
both type II and type III cryoglobulins are mixed cryoglobulins.
Compared with patients without cryoglobulinemia, patients with 1
cryoglobulin had less severe hepatic inflammation but worse renal
impairment; among those with cryoglobulinemia, patients with 3
cryoglobulins were most likely to have mixed cryoglobulinemia (3,
10, 26) and had the most severe hepatic fibrosis and impaired
hepatic synthesis. In particular, no patients with 1 cryoglobulin
harbored IgA cryoglobulin, which lessens the possibility of IgA
nephropathy, since there is a close relationship between the
presence of IgA in cryoglobulinemia immune complexes and its
detection in glomeruli (29). All the above results suggested that
mixed cryoglobulinemia might develop from the presence of a
single cryoglobulin with renal involvement and then progress to
the formation of multiple cryoglobulins with frank hepatic
involvement, although patients with only one cryoglobulin did
not meet the strict criteria for mixed cryoglobulinemia (27).
Consistently, the rates of 1 cryoglobulin increased and those of 3
cryoglobulins decreased over time in SVR patients with
cryoglobulinemia, supporting the idea that the number of
cryoglobulins is correlated with disease stage and progression.
Although the positive rates of cryoglobulinemia decreased over
time, the cryoglobulins were still detectable in some SVR patients
at 4 years posttherapy; some of these patients even had no baseline
cryoglobulinemia. The presence of mixed cryoglobulinemia after
viral clearance suggests that HCV antigens are not an unfailing
component of cryoprecipitating immune complexes (3). Given
that CHC massively disturbs the B-cell compartment and
generates many large B-cell clones (30), long-term mixed
cryoglobulinemia after SVR suggested that some B cells might
have reached an HCV‐independent autonomous phase to form
pathogenic clones before viral clearance (3). Surprisingly, despite
the lack of an immune-modulating effect, DAA seems to have a
similar efficacy in eliminating long-term cryoglobulinemia as
interferon-based therapy, as the cryoglobulinemia rates
decreased from 53.2% in all CHC patients to 15.4% in the SVR
patients at 4 years posttherapy in the current study (rate difference:
37.8%) were close to those of patients treated with interferon-
based therapy (64.5% in all CHC patients to 22% in SVR patients
following interferon-based therapy at 4 posttherapy; rate
difference: 42.5%) (3). Moreover, among the 8 patients with
baseline cryoglobulinemic vasculitis, 8 (100%) had SVRs, 5
(62.5%) achieved complete clinical response at 12 weeks
posttherapy, and 2 of 5 (40%) complete clinical responders
experienced relapses between 24 weeks and 3 years posttherapy.
Namely, 2 of 8 (25%) SVR patients had cryoglobulinemic

vasculitis within 3 years posttherapy. Thus, the efficacy of DAA
in treating cryoglobulinemic vasculitis is not superior to that of
interferon-based therapy, as the rate for 8-year cryoglobulinemic
vasculitis in CHC patients following interferon-based therapy was
23.5% in SVR patients with baseline cryoglobulinemic vasculitis
(3). However, we want to stress that although relapses of
cryoglobulinemic vasculitis did occur in SVR patients following
DAA therapy, the relapse symptoms were milder than baseline
symptoms, as the main trigger of cryoglobulinemia, HCV, had
been eliminated. This finding was consistent with the notion that
most relapses of cryoglobulinemic vasculitis were short‐lived and
were less severe than initially experienced before antiviral therapy
(11). The precise triggering factors for relapses after SVR were not
identified but were reported mainly to be infection and cancer (3)
and demand further investigation. Moreover, patients with open
wounds, such as severe skin ulcers subsequent to cryoglobulinemic
vasculitis (Figures 2A, B), were not suitable to receive interferon-
based therapy due to the risk of bacterial infection and sepsis
subsequent to interferon-related immune modulation (11).

Among SVR patients with baseline cryoglobulinemia, at 12
weeks posttherapy, all signals for cryoglobulinemia had been
reversed, as the levels of C3, C4, IgG, IgM and RF (3, 10) all
changed in those without 12-week posttherapy cryoglobulinemia,
and the reversals persisted for all parameters except for C3 and RF
until 48 weeks posttherapy for those without any posttherapy
cryoglobulinemia. These findings were consistent with the notions
that decreased C4 but not C3 was the unfailing stigma for mixed
cryoglobulinemia in untreated CHC patients (31), and RF levels
were correlated with the severity of mixed cryoglobulinemia in a
dose-dependent manner (3).

Among SVR patients, baseline IgM levels were independently
associated with posttherapy cryoglobulinemia until 4 years
posttherapy and significantly determined posttherapy
cryoglobulinemia in SVR patients with various cut-off values for
different posttherapy time points. This was consistent with our
previous study based on interferon-based therapy (3) and
supported the idea that targeting IgM-positive B cells using
rituximab (32) is a feasible strategy for the treatment of HCV-
associated cryoglobulinemia, even after achieving an SVR,
regardless of anti-HCV regimens used. Interestingly, at 48 weeks
and 4 years posttherapy, in addition to baseline IgM, baseline BMI
and TC levels were associated with posttherapy cryoglobulinemia,
respectively. This finding suggests that the baseline metabolic
profile might affect long-term cryoglobulinemia through an
unknown mechanism, which demands further investigation.

Overall, during a follow-up of 4 years, the prevalence of
cryoglobulinemia decreased from 53.8% in CHC patients to
15.4% in SVR patients following DAA therapy; approximately 1/
4 of patients with baseline cryoglobulinemia harbored 1
cryoglobulin; and in patients with cryoglobulinemia, the
prevalence rates of 1 cryoglobulin and 3 cryoglobulins increased
and decreased over time, respectively. Among patients with
baseline cryoglobulinemic vasculitis, 100% had SVRs, and 62.5%
experienced complete clinical response at 12 weeks posttherapy;
however, 40% of the complete clinical responders experienced
relapses 24 weeks to 3 years posttherapy. Baseline IgM levels were
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crucial for the development of posttherapy cryoglobulinemia in
SVR patients. These findings provide important concepts to
monitor CHC patients with cryoglobulinemia treated with DAA
and pave the way to identifying a target for treating
cryoglobulinemia in SVR patients.
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et al. The Association of Cryoglobulinaemia With Sustained Virological
Response in Patients With Chronic Hepatitis C. J Viral Hepat (2011) 18:
e91–8. doi: 10.1111/j.1365-2893.2010.01385.x

26. Ramos-Casals M, Stone JH, Cid MC, Bosch X. The Cryoglobulinaemias.
Lancet (2012) 379:348–60. doi: 10.1016/S0140-6736(11)60242-0

27. Ferri C. Mixed Cryoglobulinemia. Orphanet J Rare Dis (2008) 3:25. doi:
10.1186/1750-1172-3-25

28. Dammacco F, Lauletta G, Russi S, Leone P, Tucci M, Manno C, et al. Clinical
Pract ice : Hepati t is C Virus Infect ion, Cryoglobul inemia and
Cryoglobulinemic Vasculitis. Clin Exp Med (2019) 19(1):1–21. doi: 10.1007/
s10238-018-0536-z

29. Casanova C, Orte L, Gonzalo A, Ortuño J. Essential Mixed Cryoglobulinemia
and IgA Nephropathy, an Infrequent Association. Nephron (1993) 63(2):234.
doi: 10.1159/000187192

30. Tucci FA, Kitanovski S, Johansson P, Klein-Hitpass L, Kahraman A, Dürig
J, et al. Biased IGH VDJ Gene Repertoire and Clonal Expansions in B Cells
of Chronically Hepatitis C Virus-Infected Individuals. Blood (2018)
131:546–57. doi: 10.1182/blood-2017-09-805762

31. Dammacco F, Racanelli V, Russi S, Sansonno D. The Expanding Spectrum of
HCV-Related Cryoglobulinemic Vasculitis: A Narrative Review. Clin Exp Med
(2016) 16(3):233–42. doi: 10.1007/s10238-016-0410-9

32. Visentini M, Tinelli C, Colantuono S, Monti M, Ludovisi S, Gragnani L, et al.
Efficacy of Low-Dose Rituximab for the Treatment of Mixed
Cryoglobulinemia Vasculitis: Phase II Clinical Trial and Systematic Review.
Autoimmun Rev (2015) 14:889–96. doi: 10.1016/j.autrev.2015.05.013

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chang, Cheng, Chuang, Pao, Wu, Chen, Chang and Chien. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Chang et al. Cryoglobulinemia in DAA-Treated SVR Patients

Frontiers in Immunology | www.frontiersin.org March 2022 | Volume 13 | Article 82316010

14

https://doi.org/10.1038/ajg.2017.49
https://doi.org/10.1038/ajg.2017.49
https://doi.org/10.1002/hep.28297
https://doi.org/10.1007/s13730-016-0244-z
https://doi.org/10.1111/hepr.12629
https://doi.org/10.1111/hepr.12629
https://doi.org/10.2169/internalmedicine.0585-17
https://doi.org/10.1097/MD.0000000000003546
https://doi.org/10.1002/ajh.22023
https://doi.org/10.1111/j.1365-2893.2010.01385.x
https://doi.org/10.1016/S0140-6736(11)60242-0
https://doi.org/10.1186/1750-1172-3-25
https://doi.org/10.1007/s10238-018-0536-z
https://doi.org/10.1007/s10238-018-0536-z
https://doi.org/10.1159/000187192
https://doi.org/10.1182/blood-2017-09-805762
https://doi.org/10.1007/s10238-016-0410-9
https://doi.org/10.1016/j.autrev.2015.05.013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


111年度專題研究計畫成果彙整表
計畫主持人：張明鈴 計畫編號：111-2629-B-182A-001-

計畫名稱：C型肝炎相關之混合型冷凝球蛋白血症對癌症的性別影響

成果項目 量化 單位

質化
（說明：各成果項目請附佐證資料或細
項說明，如期刊名稱、年份、卷期、起
訖頁數、證號...等） 　　　　　　　

國
內

學術性論文

期刊論文 0
篇

研討會論文 0

專書 0 本

專書論文 0 章

技術報告 0 篇

其他 0 篇

國
外

學術性論文

期刊論文 1
篇

Front Immunol. 2022 Mar
8;13:823160.

研討會論文 0

專書 0 本

專書論文 0 章

技術報告 0 篇

其他 0 篇

參
與
計
畫
人
力

本國籍

大專生 0

人次

碩士生 0

博士生 0

博士級研究人員 0

專任人員 0

非本國籍

大專生 0

碩士生 0

博士生 0

博士級研究人員 0

專任人員 0

其他成果
（無法以量化表達之成果如辦理學術活動
、獲得獎項、重要國際合作、研究成果國
際影響力及其他協助產業技術發展之具體
效益事項等，請以文字敘述填列。）　　

無



 1

 

 

國家科學及技術委員會補助研究計畫 
涉及臨床試驗之性別分析報告 

日期：  2023 年 10  月 27 日 

計畫編號 NSTC 111-2629-B-182A-001 -  
 

研究人員

姓 名 

張明鈴 
  

任職機關

系 所 

長 庚 醫 療 財 團 法 人 胃 腸 肝 膽 科 職 稱 主 治 醫 師

計畫名稱 C 型 肝 炎 相 關 之 混 合 型 冷 凝 球 蛋 白 血 症 對 癌 症 的 性 別 影 響

說明： 

本年度專題研究計畫涉及臨床試驗且進行性別分析，請於計畫進度報告/成果報告時

一併繳交「性別分析報告」。 

項 次 項 目 說明 備註 

1 本計畫之研究結果已進行性別分析。 
 
Yes 

 

2 本計畫之收案件數及其性別比例。 422, F:M: 1.2:1 
 

3 
本計畫研究結果之性別差異說明。  

如無性別差異，亦請說明。 

The females had a 
higher rate of 
mixed 
cryoglobulinemia  

 

 
 

附件八 


