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Abstract
AIM: To investigate if correction of hypovitaminosis D before initiation of Peg-interferon-alpha/Ribavirin (PegIFN/RBV) therapy could improve the efficacy of PegIFN/RBV in previously null-responder patients with chronic genotype 1 or 4 hepatitis C virus (HCV) infection. 

METHODS: Genotype 1 or 4 HCV-infected patients with null response to previous peg-interferon-alpha and ribavirintreatment and hypovitaminosis D (less than 30 ng/mL) prospectively receivedcholecalciferol 100000 IU per week for 4 wk [from week -4 (W-4) to W0], followed by 100000 IUper month in combination with PegIFN/RBV for 12 mo (from W0 to W48). Primary outcome was the rate of early virological response defined by an HCV RNA less than 12 IU/mL after 12 wk of treatement with PegIFN/RBV. 

RESULTS: A total of 32 patients were included, 19 (59%) and 13 (41%) patients were HCV genotype 1 and 4, respectively. Median baseline vitamin D level was 15 ng/mL (range: 7-28).In modified intention-to-treat analysis, 29 patientswho received at least one dose of PegIFN/RBV were included in the analysis. All patients but one normalized their vitamin D serum levels. The rate of early virologic response was 0/29 (0%). The rate of HCV RNA < 12 IU/mL after 24 wk of PegIFN/RBV was 1/27 (4%). The safety profile was favourable. 

CONCLUSION: Addition of vitamin D to PegIFN/RBV does not improve the rate of early virologic response in previously null-responders with chronic genotype 1 or 4 HCV infection.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
In genotype 1 or 4 hepatitis C virus (HCV) chronic infection who failed to obtain sustained virological response (SVR) to Peg-interferon-alpha/Ribavirin (PegIFN/RBV) treatment, chances to cure are low. Previous studies showed rates of early (EVR) and SVR of roughly 7% in non-responders after retreatment with PegIFN/RBV[1,2]. Protease inhibitors specific to the HCV nonstructural 3/4A serine protease, i.e., telaprevir and boceprevir, emerged as promising therapies in combination with PegIFN/RBV in chronic genotype 1 HCV infection, by significantly improving SVR rates[3-6]. Despite promising results in naïve patients, treatment of non-responderpatients to PegIFN/RBV therapy with these triple therapies results in less than 30% response rates[7]. Other promising HCV drugs combination, with or without PegIFN, very recently showed high SVR rates in previously treated patients with genotype 1 HCV infection[8]. However, side effects and/or the cost of such very effective therapeutic combinations will probably let a room for other well tolerated and cheaper therapeutic approaches.
Vitamin D deficiency is frequent in patients with chronic HCV infection. Hypovitaminosis D (≤ 30 ng/mL) was reported in three-quarters of genotype 1 patients[9] and in roughly 90% of French patients[10]. Besides its musculoskeletal effects, vitamin D seems to play a critical role in the modulation of the balance between effector and regulatory immune cells. Previous studies in genotype 1 chronic HCV infection demonstrated correlations between hypovitaminosis D and severe liver fibrosis and low virological response rates to PegIFN/RBV therapy[9]. 25-OH vitamin D in addition to PegIFN/RBV in non previously treated genotype 1 patients was also showed to significantly improve EVR(94% vs 48%) and SVR (86% vs 42%)[11].
We hypothesized that correction of hypovitaminosis D before initiation of PegIFN/RBV therapy and maintenance of an optimal vitamin D serum concentration during antiviral therapy could improve the efficacy of PegIFN/RBV therapy in null-responder patients with genotype 1 or 4 chronic HCV hepatitis. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
Study design
We designed a multicentre, prospective, open-label and uncontrolled study to assess the efficacy of the combination of vitamin D and PegIFN/RBV for retreatment of null-responder patients with genotype 1 or 4 chronic HCV infection (VITAVIC study, NCT NCT01226446). 
The study protocol was approved by the institutional review boards and committees for the protection of persons at the individual study sites. The study was conducted according to the current regulations of the International Conference on Harmonisation guidelines, and the principles of the Declaration of Helsinki. All patients provided written informed consent before participating in any protocol-specific procedures. Patients were enrolled from 25 November, 2010 to 13 September, 2011. 

Participants
To be eligible for the study, patients had to be older than 18 years, be chronically infected with genotype 1 or 4 HCV , be null-responders to a previous PegIFN/RBV therapy, have received ≥ 80% of PegIFN/RBV therapy during the previous therapy, and to have hypovitaminosis D (< 30 ng/mL). Null-responders were defined by a less than 2 log10 IU/mL decrease in HCV viral load at week 12 (W12) during the previous PegIFN/RBV course.

Therapeutic protocol 
Patients were assigned to prospectively receive cholecalciferol 100000 IU/wk for 4 wk [from week -4 (W-4) to W0], followed by 100000 IU/per month in combination with PegIFN/RBV for 12 months (from W0 to W48). PegIFN/RBV combination was similar to the previous PegIFN/RBV course, i.e., type (alpha 2a or alpha 2b) and dose of PegIFN, and dose of RBV).

Outcomes and measurements
The primary outcome assessment was the rate of EVR defined by an HCV RNA < 12 IU/mL after 12 wk of PegIFN/RBV. 
Secondary outcome measures included (1) changes in HCV viral load after correction of vitamin D deficiency at day 0; (2) changes in HCV viral load at W4 and  W12; and (3)the rate of HCV RNA <12 IU/ml at W24 and W72 (SVR).

Safety
Physical examination, haematological and biochemical assessments were performed at each planned visit. All reported adverse events were graded (1: mild to 4: life-threatening) using the ANRS grading system[12] and coded using MedDRA v16.1 by a trained monitor. 

Virologic, histological and immunological assessment 
HCV–RNA was detectedwith PCR assay (Abbott Molecular, Rungis, France) with a detectionlimit of 12 IU/mL. Early virologic response (EVR) was defined by a HCV-RNA < 12 IU/mL at week 12. SVR was defined by a HCV-RNA < 12 IU/mL at week 72. Patients were assessed for hepatic inflammation and fibrosis using liver biopsy and/or using serum biochemical markers. Inflammatory lesions and fibrosis on liver biopsy were graded as previously reported[13]. Inflammation and fibrosis were also assessed using ActiTestR and FibroTestR[14].HCV-RNA tests, genotyping, and histological assessment of liver biopsy were performed in each center local laboratories. 

Serum 25-OH vitamin D3 measurement
Blood samples were immediately centrifugated at 2000 g for 10 min and serum were stored at -80 °C. Serum 25(OH)D was measured using a radio-immunossay (DiaSorin, Stillwater, MN, United States), as previously described[15].

Statistical analysis
Analyses of both primary and secondary outcomes were carried out in intention-to-treat, considering all patients who received at least one dose of both PegIFN/RBV and cholecalciferol. Missing values for all outcomes were imputed as failures (i.e., absence of HCV RNA < 12 IU/mL and absence of changes in HCV viral load > 2 log10after correction of vitamin D deficiency, respectively). Outcomes presented as rates (EVR and SVR) were calculated with their 95%CI using the binomial exact test. Changes in HCV viral load were calculated with their 95%CI using linear mixed-effects models accounting for repeated measures.
Associations between EVR or SVR and baseline covariates or time-dependent vitamin D were explored with univariable logistic models. Associations between HCV viral load evolution and baseline covariates or time-dependent vitamin D were explored with the analysis of contrasts between visits (two-way analysis of variance on linear mixed-effects models accounting for repeated measures). P-values were adjusted for the multiple comparisons.
Vitamin D levels were compared with the use of the Wilcoxon signed-rank test.All analyses were performed using R software version 3.0.
The protocol was planned to include 40 patients in order to demonstrate a difference of 14% on the primary criteria, based on ahypothesized EVR rate of 21% with vitamin D in comparison to a hypothesized EVR rate of 7% in the absence of vitamin D, with an alpha risk of 5% and a power of 80%. Seven responses or more were expected to conclude to efficacy of the vitamin D strategy. 

RESULTS
Characteristics of the patients
Of the 40 planned patients, a total of 32 patients [22 men, median age 53 years (range: 25-79)] were included before the trial was stopped for futility. The statistical analysis was based on 29 patients who received vitamin D and Peg-IFN/RBV (PegIFN alpha2a in 15 patients and PegIFN alpha2b in 14patients). Flow chart of the trial is indicated in Figure 1. Patients' characteristics are summarized in Table 1.
At inclusion (W-4), median 25-OH vitamin D level was 15 ng/mL (interquartile range (IQR): 11-23), and median HCV viral load was 6.02 log10IU/mL (IQR: 5.80-6.29). During the study, 25-OH vitamin D increased significantly to 66 (58-74) at W0, 60 (50-68) at W4, and 54 (49-58) ng/mL at W12 (P < 0.0001) (Figure 2).

Virologic response at W12
Among the 29 patients analyzed, none achieved the primary endpoint at 12 weeks after initiation of Peg-IFN/RBV therapy (proportion 0%, 95%CI: 0%-11.9%).

Evolution of HCV viral load at W0, W4 and W12
Median HCV viral load remained stable between W-4 and W0, with viral load of 6.08 (IQR: 5.72-6.30) at W0 (P = 0.99 compared to W-4).At W4 of PegIFN/RBV compared to W-4, median HCV viral load significantly decreased to 5.54 (IQR: 5.19-5.83) (P < 0.001). Only one out of 29 patients had a reduction of HCV viral load greater than 2 log10IU/mL (proportion 3.4%, 95%CI: 0%-17.8%) at W4. No association between the evolution of HCV viral loads at W0 or W4 and baseline vitamin D levels or patients' characteristics was found.
At W12 of PegIFN/RBV compared to W4, median HCV viral load significantly decreased to 5.04 (IQR: 4.22-5.76) (P < 0.001). Six out of 29 (21%) patients had a reduction of HCV viral load greater than 2 log10IU/mLbetween W-4 and W12 (proportion 20.7%, 95%CI: 8%-39.7%). No association between baseline characteristics and evolution of HCV viral load at W12 was found. 

Negativation of HCV viral load at week 24 and week 72
Six patients with a greater than 2log10IU/mL decrease at W12 were treated up to W24. Two of them achieved a virologic response and threeothershad a reduction of HCV viral load greater than 2 log10IU/mL. Since only 6 patients and 1 patient were still followed-up at W24 and W72, respectively, analyses regarding the related outcomes were not performed.

Safety of vitamin D supplementation
Twenty-six events in 11 patients (38%) were recorded as grade 3, and 2 events in 2 patients (7%) were recorded as grade 4. No grade 3/4 adverse event was attributable to vitamin D supplementation. 

DISCUSSION
Previous data in naïve genotype 1 HCV-infected patients have demonstrated correlations between hypovitaminosis D and low SVR rates to PegIFN/RBV therapy[9]. A significant improvement of EVR and SVR after vitamin D supplementation in addition to PegIFN/RBV therapy has been reported[11]. Therefore, we hypothesized that correction of hypovitaminosis D before initiation of PegIFN/RBV therapy and maintenance of an optimal vitamin D serum concentration during antiviral therapy could improve the efficacy of PegIFN/RBV therapy in null-responder patients with genotype 1 or 4 chronic HCV hepatitis. In addition, previous data demonstrated the major role of vitamin D and the vitamin D receptor (VDR) in the regulation of T cell activation bycontrollingthe T cell antigen receptor signaling[16], supporting the potential beneficial effect of vitamin D supplementation in chronic infections. 
We decided to include genotype 1 or 4 HCV infected patients with a previous PegIFN/RBV therapy null response and hypovitaminosis D as they were anticipated to have very low SVR rates in case of re-treatment with PegIFN/RBV. In the present study, we demonstrate that the addition of vitamin D to PegIFN/RBV does not improve the rate of EVR in previously null-responder patients with chronic genotype 1 or 4 HCV infection. Our findings are disappointing regarding the results of previous studies and are in clear contrast with results from several observational and interventional studies. However, in contrast to the study by Abou-Mouch et al[11], reporting a positive effect of vitamin D supplementation in naïve genotype 1 HCV infected patients, our study assessed the benefit of vitamin D supplementation in null-responders who represent a challenging population of patients with disappointing efficacy of antiviral therapies. Along this line, we cannot exclude that our inclusion criteria, i.e., null-responders, have selected patients in which the impact of adding vitamin D supplementation was negligible compared to other factors.
HCV viral load remained stable during the initial vitamin D supplementation and significantly decreased underPegIFN/RBV therapy combined with vitamin D supplementation, but without reaching our primary criteria. The evolution of serum 25-OH vitamin D level showed that our vitamin D supplementation regimen was effective and safe to obtain a significant and persistent increase of serum 25-OH vitamin D. This finding indicates that our disappointing results could not be related to serum 25-OH vitamin D insufficiency in our patients.
We must acknowledge the limits of our study. Because we aimed to analyze the efficacy of vitamin D supplementation in the era of new antiviral agents in the more challenging population of patients, i.e., null responder patients, we conducted an open-label, uncontrolled study of superiority design that planned to include 40 patients. Only 32 patients were included before the trial was stopped for futility and 29 patients were analyzable for the primary endpoint. Although it could have been a limitation to draw any conclusion in case of response to vitamin D supplementation, our findings probably demonstrate the absence of interest of vitamin D in previously null-responder patients with chronic genotype 1 or 4 HCV infection. In addition, we have chosen a weekly then monthly administration of vitamin D rather than a daily dosing. Supplementation with vitamin D was previously shown to be achieved equally well with daily, weekly, or monthly dosing frequencies [17]. Therefore, our protocol was chosen to optimize adherence of long-term vitamin D supplementation, according to our habits.
In conclusion, the addition of vitamin D to PegIFN/RBV does not improve the rate of early virologic response in previously null-responder patients with chronic genotype 1 or 4 HCV infection. The lack of observed early virological response makes very unlikely the beneficial effect of vitamin D supplementation on SVR in this type of difficult to treat patients. However, vitamin D supplementation may still represent an alternative therapeutic option in naïve patients in which new specifically targeted antiviral therapy for hepatitis C would be not available or contraindicated, based on previous studies.     
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COMMENTS
Background
In patients with genotype 1 or 4 hepatitis C virus (HCV) chronic infection who do not have a sustained virological response (SVR) to Peg-interferon-alpha/Ribavirin (PegIFN/RBV) treatment, chances to cure are low. Retreatment of previous non-responders to PegIFN/RBV therapy with triple therapies results in less than 30% SVR, indicating that other HCV drugs combination, with or without PegIFN, are needed. New HCV treatments will modify the care of chronic HCV infection in the near future in high-income countries. However, the place of such new very expensive HCV treatment combinations remains to be defined in low-income countries where cheaper alternatives have to be found.

Research frontiers
Vitamin D deficiency is frequent in patients with chronic HCV infection, and previous data have demonstrated correlations between hypovitaminosis D and low SVR rates to PegIFN/RBV therapy. Also, authors have reported that vitamin D in addition to PegIFN/RBV therapy for naïve genotype 1 HCV patients with chronic hepatitis improved EVR and SVR. 

Innovations and breakthroughs
The current study investigates if the correction of hypovitaminosis D before initiation of PegIFN/RBV therapy could improve the efficacy of PegIFN/RBV in previously null-responder patients with chronic genotype 1 or 4 HCV infection.We found that the addition of vitamin D to PegIFN/RBV was well tolerated but does not improve the rate of early virologic response in previously null-responder patients with chronic genotype 1 or 4 HCV infection.

Applications 
This study demonstrates the lack of efficacy of vitamin D supplementation in previously null-responder patients with chronic genotype 1 or 4 HCV infection. Howevern, vitamin D supplementation could still represent an alternative therapeutic option in naïve patients in which new specifically targeted antiviral therapy for hepatitis C would be not available or contraindicated.

Terminology
Hepatitis C virus infection is a chronic liver disease that can be complicated by cirrhosis, liver failure and liver cancer. Rates of early and sustained virologic responses in non-responders after retreatment with PegIFN/RBV is low. Besides its musculoskeletal effects, vitamin D seems to play a critical role in the modulation of the balance between effector and regulatory immune cells. Vitamin D supplementation may thus be beneficial in chronic C virus hepatitis.

Peer review
This study attempted to answer an important clinical question. 
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Table 1 Characteristics of the 29 patients included in the analysis n (%)
	Characteristics
	Value

	Age (yr)
	53.6 (50.6, 60.9)

	Male gender
	20 (68.9)

	HCV infection duration (yr)
	13.5 (5.6, 17.2)

	
	

	Geographic origin
	

	North Africa
	6 (20.7)

	Sub-Saharian Africa
	5 (17.2)

	West Indies
	1 (3.4)

	Asia
	1 (3.4)

	Eastern Europe
	1 (3.4)

	Northern Europe
	15 (51.7)

	
	

	HCV genotype 
	

	1
	8 (27.6)

	1a
	4 (13.8)

	1b
	6 (20.7)

	4
	4 (13.8)

	4a
	5 (17.2)

	4c
	2 (6.9)

	
	

	Liver biopsy (n = 20)
	

	Activity Metavir score
	

	0
	3 (15)

	1
	9 (45)

	2
	7 (35)

	3
	1 (5)

	Fibrosis Metavir score 
	

	1
	6 (30)

	2
	7 (35)

	3
	4 (20)

	4
	3 (15)

	Steatosis
	12 (60)

	
	

	Serum biomarkers (n = 18)
	

	Actitest
	0.51 (0.41, 0.66)

	Fibrotest
	0.64 (0.47, 0.76)

	Activity Metavir score
	

	0
	1 (5.6)

	1
	3 (16.7)

	2
	8 (44.4)

	3
	6 (33.3)

	Fibrosis Metavir score
	

	0
	3 (16.7)

	1
	2 (11.1)

	2
	4 (22.2)

	3
	3 (16.7)

	4
	6 (33.3)

	Fibroscan (kPa) (n = 20)
	7.3 (6.2, 12.4)

	> 10 kPa
	8 (40)

	Hypertension
	
7 (24.1)

	Dyslipidemia
	2 (6.9)

	Alcohol consumption
	

	No
	25 (86.2)

	Rare
	2 (6.9)

	Regular
	2 (6.9)

	
	

	Vitamine D serum level (visit 1, ng/mL)
	15 (11, 23)

	HCV viremia at inclusion (Log)
	6.02 (5.80, 6.29)


HCV: Hepatitis C virus.
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Figure 1 Flow chart of the study.
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Figure 2 Evolution of viral load (log10/mL) and 25-OH vitamin D (ng/mL) from W-4 to W12.
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