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Background: Chronic hepatitis C virus (HCV) infection is associated with autoimmune manifestations including increased production of autoantibodies such as rheumatoid factor (RF). It remains unclear whether eradication of HCV infection was associated with reduction in autoantibodies and whether the results would differ between interferon-based and interferon-free regimens.
Aim: We aimed to investigate changes in serum RF following viral eradication in patients with chronic HCV infection who were treated with either pegylated interferon (IFN) plus ribavirin or all-oral direct-acting antiviral agents (DAAs).
Methods: This is a retrospective cohort study of adult HCV-infected patients treated at a teaching hospital in Taiwan. All patients had detectable HCV RNA at baseline and achieved sustained virological response (SVR) documented 12 or 24 weeks after antiviral treatment. Serum level of IgG RF was measured using latex immunoassay with a detection limit ranging from 0.9 to 2,000 IU/mL. A measurement of 15 IU/mL or above defined RF seropositivity. The changes from baseline to SVR were analyzed and the results were compared between patients treated with IFN-based regimens and those with IFN-free DAAs.
Results: The study population was composed of 297 patients (female 48.5%, median age 59 years, cirrhosis 16.8%). At baseline, 78 (26.3%) patients were serologically positive for RF. The proportion of RF-positive patients significantly dropped to 16.5% (n=49) at SVR (P<0.001). The median serum level of RF also significantly decreased from 1.6 (interquartile range [IQR], undetectable-15.8) IU/mL to an undetectable level (IQR, undetectable-6.6 IU/mL) (P<0.001). Significant reduction in serum RF was consistently observed in both IFN-based and IFN-free DAA groups. The proportion of RF-positive patients decreased from 24.3% to 15.4% (P=0.001) in IFN-free DAA-treated patients (n=214), and also from 31.3% to 19.3% (P=0.006) in IFN-treated patients (n=83). The changes in RF activity did not differ between patients treated with DAA and those with IFN (P=0.40).  
Conclusions: We found that serum level of IgG-RF significantly dropped after eradication of HCV infection and the result was similar with either DAAs or IFN-based regimens. These findings suggest that effective antiviral treatment may decrease the excessive production of autoantibodies and thus ameliorate autoimmunity in patients with chronic HCV infection.  
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INTRODUCTION 
Hepatitis C virus (HCV) infection is associated with extrahepatic manifestations (EHMs) in up to two thirds of infected patients1, and can include autoimmune and rheumatological complications ranging from arthritis and sicca syndrome2 to vasculitis and glomerulonephritis3. Serological testing also reveals elevated levels of autoantibodies, such as rheumatoid factor (RF), in patients with chronic hepatitis C (CHC)4, providing further evidence of the association between autoimmunity and HCV.
The development of autoimmune EHMs has been theorized to result from the lymphotropic potential of HCV5. Chronic infection with HCV may lead to polyclonal B cell expansion and the production of autoantibodies such as RF and cryoglobulins6. Nevertheless, it remains unclear whether eradication of HCV infection can effectively attenuate autoimmunity, reduce production of autoantibodies, or improve clinical outcomes of autoimmune disorders. Although data from patients with symptomatic mixed cryoglobulinemia were encouraging7, available evidence did not support the effects of viral clearance in reducing incidences of autoimmune catastrophes, systemic lupus erythematosus, rheumatoid arthritis, or autoimmune hepatitis.8-10 
Previous studies, however, were limited by the lack of laboratory measurements and low statistical power. Because autoimmune diseases may affect any organ system and typically require a combination of clinical signs and symptoms, as well as specific biomarkers to diagnose, it is conceivably difficult to rely on a few events as the study outcome to investigate the effects of HCV eradication on auto-immunogenicity. Conversely, measurement of the changes in representative autoantibody may serve to gauge the treatment effects. In addition, findings from patients treated with interferon-based regimens may not be extrapolated in the current era of all-oral direct antiviral agents (DAAs)11-13, given that interferon is known to aggravate or induce autoimmune disorders14.
In order to elucidate how eradication of HCV infection may attenuate auto-immunogenicity and whether the results may differ between interferon-based and interferon-free regimens, we conducted this study to specifically measure the changes in serum RF following antiviral therapy using either pegylated interferon plus ribavirin or all-oral DAAs without interferon.
     
METHODS and MATERIALS
Study setting and participants
This is a retrospective cohort study conducted in the E-Da Hospital and E-Da Cancer (Kaohsiung, Taiwan). There were 297 adult HCV-infected patients (female 48.5%, median age 59 years, cirrhosis 16.8%) treated with eradicative antiviral therapies using either DAAs (n=214) or Peg-IFN (n=83) at E-Da Hospital and E-Da Cancer Hospital. 

Antiviral treatment
Among them, 83 patients were treated using Peg-IFN and Ribavirin combination therapy. The dosage of ribavirin was adjusted according to the patient’s weight, and the treatment duration was determined depending on the HCV genotype of each patient. The definition of SVR is the absence of HCV 24 weeks after discontinuing IFN treatment. For the 297 patients in the DAA group, 10 drug combinations were used as follows: 
1. Viekirax 2# QD，Exviera 1# BID
2. Viekirax 2# QD，Exviera 1# BID，Ribavirin 800~1000mg	
3. Asunaprevir 100mg 1#BID，Daclatasvir 60mg 1#QD			
4. Zepatier 1#QD(Elbasvir+Grazoprevir)
5. Zepatier 1#QD，Ribavirin 800~1000mg	
6. Harvoni  1#QD
7. Harvoni  1#QD+Ribavirin 800~1000mg
8. Sovaldi  1#QD+Ribavirin 800~1000mg
9. Sovaldi  1#QD+Daclatasvir 60mg 1#QD
10. Glecaprevir+Pibrentasvir 3# QD (Maviret)

Treatment regimens and duration was determined according to the HCV genotype and presence or absence of cirrhosis and hepatic decompensation. SVR was defined as absence of HCV 12 weeks after discontinuing treatment. All patients had detectable HCV RNA at baseline and achieved sustained virological response (SVR) documented 12-24 weeks after antiviral treatment. Exclusion criteria include co-infection with HBV or HIV, a history of hepatocellular carcinoma (HCC) or other malignancies, pregnancy, previous treatment involving disease-modifying antirheumatic drugs (DMARDs, both biologic and conventional) or long-term use of oral corticosteroids, or pregnancy.   

Methods of Measurements 
This study utilizes the frozen archived serum of 297 patients . IgM-RF is measured using latex immunoassay (FUJIFILM, Hitachi Labospect Series 008AS). The detection range is 0.9-2,000 IU/mL, and a measurement above 15 IU/mL defined RF positivity. Antinuclear antibody (ANA) is measured using indirect fluorescent antibody technique (DiaSorin, ANA-FAST). Any measurement above 1:80X  is considered to be a positive result. Anti-smooth muscle antibody (ASMA) is measured with indirect fluorescent antibody technique (ImmuGlo COMVI Mouse Kidney/Stomach IFA kit), with any result above 1:20x being considered as positive.

Statistical analysis 
All statistical analyses were carried out using commercial software (SPSS, version 22.0, IBM Corp., Armonk, NY, USA). Continuous and categorical variables were summarized using the median and interquartile range (IQR) and proportion with exact numbers, respectively. The comparison of baseline and SVR RF positivity was calculated using McNemar test, and for RF value, the Wilcoxon signed rank test. Fisher’s exact test is used to calculate the p-value for RF activity.   The level of significance was set as α=0.05 two-tailed.  

RESULTS
Characteristics of the study cohorts
This study analyzed a total of 297 CHC patients who were successfully treated using either interferon-based or interferon-free regimens. Serum samples were collected from all participants at baseline, before initiating treatment, and SVR. The DAA group is predominantly female (n=123, 57.5%) with a median age of 62 (IQR=54-69) and the IFN group is predominantly male (n=62, 74.7%) with a median age of 49 (IQR=41-58). Baseline ANA positivity is 9.3% and 1.2% for DAA and IFN groups, respectively. Demographic and clinical features of the study population at baseline are outlined in Table 1.

At baseline, 78 (26.3%) patients were serologically positive for RF. The proportion of RF-positive patients significantly dropped to 16.5% (n=49) at SVR (P<0.001). The median serum level of RF also significantly decreased from 1.6 (interquartile range [IQR], undetectable-15.8) IU/mL to an undetectable level (IQR, undetectable-6.6 IU/mL) (P<0.001). Significant reduction in serum RF was consistently observed in both IFN-based and IFN-free DAA groups (Table 2). The proportion of RF-positive patients decreased from 24.3% to 15.4% (P=0.001) in IFN-free DAA-treated patients, and also from 31.3% to 19.3% (P=0.006) in IFN-treated patients (Figure 1). The changes in RF activity did not differ between patients treated with DAA and those with IFN (P=0.40) (Figure 2).

DISCUSSION 
We found that serum level of IgG-RF significantly dropped after eradication of HCV infection, and that the results were similar with either DAAs or IFN-based regimens. Though interferon treatment is contraindicated in viral hepatitis patients with autoimmune diseases, our findings did not show a statistically significant difference between autoantibody levels in these two groups. 

These findings suggest that effective antiviral treatment may decrease the excessive production of autoantibodies and thus ameliorate autoimmunity in patients with chronic HCV infection, regardless of the treatment regimen chosen. In this study, we chose to measure serum IgM-RF because of it can be either type 2 or type 3 cryoglobulin, both of which is associated with longstanding HCV infection and the development of extrahepatic autoimmune manifestations, particularly cryoglobulinemic vasculitis. Past research has shown that the decrease of such autoantibodies after successful anti-tumor necrosis factor alpha therapy using infliximab is associated with clinical improvement in patients with rheumatoid arthritis15, therefore we extrapolate that a similar trend may also reflect improvement of clinical outcomes in CHC patients with autoimmune EHMs. Since both DAA and IFN-treated groups have shown a statistically significant decrease of serum RF levels, we infer that successful eradication of HCV using either method may be equally effective in the treatment of HCV-related autoimmune diseases and should be considered in all patients.

In clinical practice, patients with longstanding HCV infection often present with signs and symptoms of systemic autoimmune diseases. Proteinuria, vasculitis, and arthritis are all extra-hepatic features of CHC that may be shared with other autoimmune diseases such as systemic lupus erythematosus, making it at times difficult to ascertain the cause of such symptoms and initiate appropriate treatment. Our research has shown that effective HCV treatment leads to a significant decrease in serum RF, which may play a vital role in the pathogenesis of such EHMs, and also serve to illustrate the benefits of diagnosing and treating CHC early on in the disease process. These findings may be potentially useful to differentiate between different etiologies and serve as biomarkers to assess treatment effectiveness in the context of autoimmunity. Future research may help elucidate whether the decrease of autoantibody levels as observed in this study is truly associated with clinical improvement of autoimmune sequelae of CHC.

This study is limited in several ways. The small sample size may not fully reflect the entire clinical spectrum of HCV-related autoimmunity, and may affect the statistical power of the results. In addition, patients from the IFN cohort are mostly males treated for HCV at a substance abuse clinic. Since females are statistically more likely to suffer from autoimmune diseases and have higher baseline levels of autoantibodies compared to men, results from this cohort may be skewed . However, it is difficult to adjust the results of our research to account for this gender difference, as there are many factors that contribute to this gender difference and no single test to measure autoimmunity.

Though the risk of developing autoimmune EHMs may decrease after successful HCV eradication, it should be noted that the development of autoimmune disease involves a wide variety of pathological processes aside from autoantibody-mediated mechanisms. In addition, there are multiple other different autoantibodies, such as anti-LKM1, anti-thyroglobulin, and antiphospholipid antibodies, that have been associated with longstanding HCV infection. Lastly, RF and ANA are considered to only be screening tests for autoimmune diseases , which must be diagnosed by a clinician based on a combination of laboratory data, patient history, and clinical findings. A positive result without accompanying symptoms and signs is not pathognomonic of any autoimmune diseases, and spontaneous clearance of these biomarkers is also possible. Therefore, it cannot be directly ascertained from this study that the incidence and severity of clinical autoimmune diseases will decrease after successful HCV eradication.
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[bookmark: _Hlk72194216]Table 1. Baseline characteristics of patients with CHC treated with DAA and IFN
	
	DAA (n=214)
	IFN (n=83)

	Age
	62(54-69)
	49(41-58)

	Male, n (%)
	91(42.5)
	62(74.7)

	Cirrhosis, n (%)
	47(22)
	3(3.6)

	AST, U/L
	57(36.8-97.3)
	63(45-97)

	ALT, U/L
	65(39.8-117.3)
	95(53-137)

	Bilirubin, mg/dL
	1.0(0.9-1.3)
	0.9(0.7-1.1)

	White blood cell count, 103/μl
	5.7(4.7-6.9)
	6.4(5.1-7.5)

	Hemoglobin, g/dL
	14.1(12.8-15.1)
	14.8(13.8-16)

	Platelet count, 103/μl
	175(140-226)
	196(148-225)

	Creatinine, mg/dL
	1.0(0.9-1.3)
	1.1(0.9-1.2)

	HCV-RNA, IU/mL
	1904858(392420-5670998)
	2007626(97150-6260222)

	Genotype, n (%)
	
	

	1
	132(61.7)
	38(45.8)

	2
	65(30.4)
	34(41)

	3
	1(0.5)
	3(3.6)

	6
	16(7.5)
	8(9.6)

	Fibrosis 4 score
	2.7(1.7-4.4)
	1.7(1.3-2.7)

	ANA, n (%)
	
	

	<1:40
	194(90.7)
	82(98.8)

	1:40-1:80
	12(5.6)
	1(1.2)

	1:160-1:640
	8(3.7)
	0


[bookmark: _Hlk72269576]CHC, chronic hepatitis C; DAA, direct-acting antiviral agents; IFN, interferon; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ANA, antinuclear antibody

[bookmark: _Hlk72449619]Table 2. The positivity and values of RF in patients with CHC at baseline and SVR
	RF
	DAA (n=214)
	IFN (n=83)

	
	Baseline
	SVR
	P value
	Baseline
	SVR
	P value

	Positivity#
	52(24.3%)
	33(15.4%)
	0.001
	26(31.3%)
	16(19.3%)
	0.006

	Values, IU/mL
	1.4(0.5-13.8)
	0.5(0.5-6.6)
	<0.001
	2.1(0.5-17.7)
	0.5(0.5-5.8)
	<0.001


[bookmark: _Hlk72454217]Positivity# was defined as a measurement above 15 IU/mL. RF, Rheumatoid factor; CHC, chronic hepatitis C; SVR, sustained viral responseDAA, direct-acting antiviral agents; IFN, interferon


Figure 1. Changes in serum level of rheumatoid factor IgG following eradication of hepatitis C virus infection according to antiviral regimens


Figure 2. No significant differences between the regimens of antiviral therapy in changes of rheumatoid factor
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