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Abstract
Aim: To evaluate the association between liver stiffness (LS) prior to the initiation of dual/triple therapy and viral response. 
Methods: LS was measured in all patients before treatment was administered. The therapeutic approach was based on hepatic, virological, and immunological evaluations and considered the fact that patients with severe fibrosis (F3) or compensated cirrhosis (F4) in Child–Pugh class A are the primary candidates for triple therapy. In total, 65 hepatitis C virus (HCV) patients were treated with Peg-interferon/ribavirin (Peg-IFN/RBV); 24 patients were classified as genotypes 1/4 (36.92%), and 41 patients were classified as genotypes 2/3 (63.07%) (dual therapy). In addition, 20 HCV treatment-experienced genotype 1 patients were treated with PegIFN-RBV and boceprevir (triple therapy). Wilcoxon rank-sum tests were used to compare the groups. 
Results: LS significantly differed between dual therapy and triple therapy (p = 0.002). The mean LS value before dual therapy treatment was 8.61 ± 5.79 kPa and was significantly different between patients achieving a sustained virologic response (SVR) 24 weeks after therapy and those who did not (7.23 ± 5.18 kPa vs 11.72 ± 5.99 kPa, respectively, p = 0.0003). The relative risk of non-response to therapy was 4.45 (95%CI: 2.32–8.55). The attributable risk of non-response to therapy was 49%. The mean LS value before triple therapy treatment was 13.29 ± 8.57 kPa and was significantly different between patients achieving and not achieving SVR24 (9.41 ± 5.05 vs 19.11 ± 9.74, respectively, p = 0.008). The relative risk of non-response to therapy was 5.57% (95%CI: 1.50–20.65). The attributable risk of non-response to therapy (70%) was increased compared with dual therapy patients. Pre-treatment stiffness >12 kPa was significantly associated with non-SVR (p < 0.025) in both groups. 
Conclusion: Pre-treatment liver stiffness may be useful for predicting the response to treatment in patients treated with either dual or triple anti-HCV therapy. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Transient elastography is a non-invasive, easy, reproducible technique that is well tolerated for staging non-significant fibrosis or severe fibrosis/cirrhosis. The assessment of liver fibrosis using transient elastography may be useful to reduce the need for a liver biopsy. In this prospective study, liver stiffness values can also be used as a predictor of response to therapy. A liver stiffness value greater than 12 kPa is a negative predictor of response to both dual and triple therapy. Therefore, transient elastography could be used in clinical practice to improve the selection of patient treatment.
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INTRODUCTION
Liver fibrosis is a pathological process caused by an excessive accumulation of extracellular matrix that leads to liver cirrhosis progression. In fact, fibrosis generally progresses in untreated chronic viral liver diseases, thereby leading to excessive collagen deposition, which results in qualitative and quantitative changes of the extracellular matrix. The deposition of the fibrotic matrix is largely due to the recruitment of resident mesenchymal cells and possibly a small aliquot of circulatory cell types that are capable of differentiating into a myofibroblast phenotype[1,2]. Viral infection can cause a fibrogenic process that is initially concentrated around portal tracts and subsequently leads to the formation of portal-portal and portal-central septa. The fibrogenic process proceeds through various stages because the composition of the extracellular matrix changes with the advancement of fibrosis. The impact of the fibrosis stage on a patient’s response to anti-hepatitis C virus (HCV) treatment has been explored in several studies[3-5]. In fact, the decision of whether and when to start antiviral treatment for chronic HCV depends primarily on several variables, including the fibrotic stage[6]. Therefore, periodic liver biopsies are needed to assess the progression of fibrosis and select patients for antiviral treatment.
In HCV genotype 2 or 3 infected patients, liver biopsy is typically not performed given the high likelihood of a favourable therapeutic response to treatment with Peg-interferon (INF) and ribavirin (RBV) (Peg-INF/RBV)[6]. In several countries, including Italy, triple therapy with Peg-INF/RBV and either boceprevir or telaprevir currently serves as the standard care for HCV genotype 1 patients with previous treatment failure to dual therapy with Peg-INF/RBV. For patients who relapse on dual therapy, triple therapy should be initiated as soon as possible in the presence of advanced fibrosis (F3-F4, METAVIR classification)[7], whereas treatment for patients with moderate fibrosis can be considered on a case by case basis[8]. In naive patients with negative pre-treatment predictors of response, including genotype 1, CT-TT alleles of the IL28b polymorphism, and F3-F4 fibrosis stage, triple therapy should be introduced as first-line therapy.
In the last 10 years, various methods, such as serum markers of liver fibrosis, ultrasound[9], magnetic resonance imaging (MRI)[10], and transient[11] or MR-elastography[12] have been proposed as tests. These tests for staging and assessing the progression/regression of liver fibrosis are non-invasive, easily reproducible, and well tolerated by patients. Several studies[13-18] have evaluated the outcome of IFN/RBV treatment through the assessment of short- and long-term longitudinal assessment of liver stiffness (LS) by transient elastography in HCV infected patients. 

New treatments for HCV infection involving triple therapy also require an accurate assessment of liver fibrosis for a correct therapeutic approach. Therefore, the objective of this study was to evaluate the value of LS prior to initiation of dual/triple therapy as a prognostic indicator of response to antiviral therapy in HCV patients. 
MATERIALS AND METHODS

Eighty-five patients with chronic HCV infection (35 women with a mean age of 56.31 ± 11.13 years and 50 men with a mean age 50.55 ± 10.12 years) referred to the hepatology outpatient ward of the Careggi University Hospital, Florence, Italy between January 2012 and December 2012 for assessment of liver disease stage and eligibility for antiviral treatment conforming to the recommendations of the Italian Association for the Study of the Liver[8] were considered for potential enrolment in the study. The enrolment inclusion criteria of this prospective study are as follows: presence of detectable serum HCV-RNA; eligibility for antiviral treatment; no antiviral or immunosuppressive therapies administered 6 months prior to enrolment; abnormal liver enzyme levels; exclusion of Child-Pugh class B and C cirrhosis; absence of alcohol intake ≥ 40 g/d or use of hepatotoxic medications, hepatocellular carcinoma, acute viral hepatitis, co-infection with hepatitis B virus or human immunodeficiency virus, other hepatic disease (e.g. metabolic liver disease), pathologic conditions potentially affecting LS (i.e., cardiac failure), and physiological states contraindicated for this technique (e.g., pregnancy). We exclusively analysed patients who completed the course of therapy.
LS was measured in all patients before treatment. The therapeutic approach was based on hepatic, virological, and immunological evaluation and considered the fact that patients with advanced fibrosis (F3) or compensated cirrhosis (F4) in Child–Pugh class A are the primary candidates for triple therapy[8]. In total, 65 HCV patients were administered treatment with PegIFN/RBV (dual therapy), and 20 HCV genotype 1 treatment-experienced patients (relapser, partial responder or non-responder) were administered triple therapy (Peg-IFN/RBV/boceprevir) (triple therapy). 

Patients treated with boceprevir who experienced an extended rapid virological response (eRVR), namely undetectable HCV RNA levels from week 4 through week 12, ended therapy at 28 wk. The other patients treated with boceprevir either without eRVR or with severe liver fibrosis in the presence of eRVR ended therapy at 48 wk. Patients with HCV genotypes 1/4 treated with double therapy stopped therapy at 48 wk; patients with genotypes 2/3 stopped all treatment at 24 wk[8]. 
Hepato-virological evaluation
The detection of HCV RNA in serum samples was determined by HCV-RNA Amplicor Monitor quantitative assay (Roche Diagnostics, Basel, Switzerland; limit of detection: 15 IU/ml), and HCV RNA was genotyped using INNO-LiPA HCV II (Immunogenetics, Gent, Belgium) conforming to the technical instruction of manufacturers.

The degree of liver function was evaluated through biohumoural liver function tests and the Child-Pugh score[19]. 
IL28B genotyping was performed on DNA extracted from whole blood samples using a specific custom TaqMan SNP-Genotyping Assay (Single Nucleotide Polymorphism (SNP): rs12979860; Applied Biosystems, Foster City, CA, United States) based on allele-specific dual-labelled probes on a Rotor Gene 6000 (Corbett Research, Sidney, Australia)[20]. 
LS was measured in all patients before treatment after overnight fasting using FibroScan® (Echosens, Paris, France) conforming to the technical instruction of manufacturers. We considered as representative of LS the median values of 10 successful measurements, expressed in kiloPascal (kPa). We considered reliable the procedures with 10 successful acquisitions and a success rate greater than 60% and an interquartile range (IQR) < 30% of the median value. LS values ≥ 12 kPa indicate advanced fibrosis[11,18]. 
Statistical analysis

Continuous variables were summarised by descriptive statistics and categorical variables were summarised using patient counts and percentages. All results are expressed as the mean ± SD. We used the Wilcoxon rank-sum test to compare two samples. 

Relative risk (RR) is a measurement of the relationship between fibrosis and risk of non-response to treatment. A RR of 1.0 indicates an absence of association. When the RR is greater than 1.0, the risk of non-response to treatment is increased when the risk factor is present. Attributable risk (AR) is a measurement of the degree to which the risk of non-response to treatment is attributed to LS > 12 kPa. RR is calculated as follows: risk in patients with LS > 12 kPa/risk in patients with LS < 12 kPa. AR is calculated as follows: the incidence attributable to LS > 12 kPa/proportion of incidence attributable to LS > 12 kPa.

Logistic regression analysis was used to assess the factors associated with sustained virological response (SVR), which was defined as the absence of detectable HCV RNA in blood samples 24 wk after discontinuing the therapy. Multivariate logistic regression analysis was used to assess which baseline variables were predictive of SVR. In the final model, age, gender, stiffness, and viraemia (and viral genotype as well as IL28B genotype limited to dual therapy) were considered independent predictors of SVR.
All statistical tests were performed at the p ≤ 0.05 level (two-sided). Statistical analysis and graphs were performed using Stata 11, (College Station, TX, United States) and SPSS v18 (SPSS Inc., Chicago, IL, United States ). 

Results
The main features of the study population at baseline are summarised in Table 1. 
Among the 65 HCV patients treated with Peg-IFN/RBV dual therapy, 24 patients were infected with genotypes 1/4 (36.92%), whereas 41 patients were infected with genotypes 2/3 (63.07%) (dual therapy). Among the 20 HCV genotype 1 treatment-experienced patients treated with triple therapy, 1 patient was infected with genotype 1a, 1 patient was infected with genotype 1a/1b, and 18 patients were infected with genotype 1b. Only LS significantly differed in patients on dual vs triple therapy (p = 0.002) (Table 1). A diagnosis of liver cirrhosis (Child A) based on the histological and/or clinical and ultrasound data was made in 4 patients on dual therapy and in 8 patients on triple therapy.
The rates of patients achieving a sustained virologic response 24 wk after therapy (SVR 24) are show in Figure 1.
In dual therapy patients, the mean LS value before treatment was 8.61 ± 5.79 kPa. Mean LS values significantly differed between patients achieving and not achieving SVR 24 (7.23 ± 5.18 kPa vs 11.72 ± 5.99 kPa, respectively, p = 0.0003). Liver stiffness > 12 kPa prior to the initiation of dual therapy was significantly associated with no SVR (p < 0.025). The relative risk of non-response to therapy was 4.45 (95%CI: 2.32–8.55). The attributable risk of non-response to therapy was 49%. 
In triple therapy patients, the mean LS value before treatment was 13.29 ± 8.57 kPa. Pre-treatment LS values significantly differed between patients achieving SVR 24 and those who did not (9.41 ± 5.05 vs 19.11 ± 9.74, respectively, p = 0.008). Liver stiffness > 12 kPa prior to the initiation of triple therapy was significantly associated with no SVR (p < 0.025). The relative risk of non-response to therapy was 5.57% (95%CI: 1.50–20.65). The attributable risk of non-response to therapy was 70%. This result was increased compared with dual therapy patients, which is a consequence of eligibility for dual or triple therapy. In fact, boceprevir therapy is indicated for the treatment of difficult to treat patients, including patients with more advanced fibrosis. Univariate analysis was conducted by binary logistic regression analysis in both groups in which the response to treatment was the dependent variable; the results indicated that LS was a good predictor of response (dual therapy, p = 0.03; triple therapy, p = 0.0009) (Table 2). Multivariate regression analysis in dual therapy, where the independent variables included age, gender, stiffness, IL28B genotype, viraemia, and viral genotype, did not identify a predictor of treatment response. By contrast, in triple therapy, where the independent variables only included age, gender, stiffness, and viraemia (the IL28B polymorphism was always unfavourable regardless of the CT or TT alleles, and all patients were infected with genotype 1), LS was the only prognostic indicator of treatment response (p = 0.049) (Table 3).
Discussion
In this study, LS was demonstrated for the first time to predict a patient’s response to triple therapy. In a previous study[18], we observed that LS values greater than 12 kPa were a negative prognostic indicator of response to Peg-IFN/RBV therapy. In this different cohort of patients, the attributable risk of non-response to Peg-IFN/RBV therapy was similar but reduced compared with triple therapy. This difference was likely due to increased LS values in this latter group of patients. 
The individual decision to start anti-HCV treatment depends largely on several factors, including liver histology, particularly in the difficult-to-treat HCV genotypes 1 and 4[6]. The extent of liver fibrosis may negatively affect the rate of response to antiviral therapy. Thus, cirrhotic patients, who may derive the most benefit from viral eradication, have the lowest SVR rates[3-5]. On the other hand, SVR may be associated with regression of liver fibrosis in patients with significant fibrosis. In this context, non-invasive tools for the assessment of liver fibrosis could be useful to eliminate the need of liver biopsy. The study by Roberts et al[3] demonstrated poor SVR rates among patients with advanced fibrosis compared with patients with moderate and absent or minimal fibrosis. 
Transient elastography has been suggested as a possible machine for the diagnosis of absent/minimal fibrosis or severe fibrosis/cirrhosis in chronic HCV infected patients[21-25]. Moreover, the technique is characterised by high intra- and interobserver reproducibility[22,26]. However, recent food intake can affect the reliability of stiffness values in the diagnosis of fibrosis stage in patients with chronic HCV infection[27,28]. In addition, Arena et al[28] suggest that a fasting period of 120 min prior to obtaining liver stiffness measurements should be observed. A decline in the diagnostic need for liver biopsies in patients with HCV-related chronic liver disease was recently noted because the accuracy of non-invasive methods, especially in predicting non-significant or advanced liver fibrosis, suggests that LS can also be used as a predictor of response to therapy. 
In fact, few data are available[18] regarding the interpretation of LS values as direct predictors of the treatment response. However, several studies[3-5] have demonstrated an association between the fibrotic stage in liver biopsies and response to treatment. In particular, Cheng et al[4] revealed a marked step-wise decline in SVR rates according to fibrotic stage. This observation is consistent with the present study that demonstrates a significant relationship between LS and the patient’s response to treatment. The LS values were particularly an independent predictor of response in those patients administered triple therapy. 
Interestingly, the difference in the response rates between patients with LS < 12 vs > 12 was observed not only in patients treated with dual therapy but also in those treated with triple therapy with the direct acting antiviral (DAA) boceprevir. These results clearly confirm the potential utility of LS assessment in the evaluation of the response to anti-HCV treatment. 
In Europe, the use of first-generation DAA boceprevir or telaprevir-based triple therapy has generally been restricted to patients with more advanced fibrosis stages given their high cost. The SPRINT-2[29] and RESPOND-2[30] trials demonstrated that the addition of boceprevir to Peg-INF/RBV results in significantly increased SVR rates in difficult-to-treat patients. Moreover, the duration of treatment was primarily based on fibrotic stage, with longer treatments providing the most benefit in patients with F3/4[31,32].
In conclusion, our data suggest that LS > 12 kPa should be considered a strong prognostic indicator of non-response to both dual and triple therapy. This index may potentially serve as a useful tool for accurate selection of patient treatment. Further studies are necessary to evaluate whether patients with LS < 12 kPa experience different clinical outcomes compared with patients with LS > 12. 
COMMENTS

Background

New treatments for hepatitis C virus (HCV) infection require an accurate assessment of liver fibrosis for a correct therapeutic approach. The main objective of our study was to evaluate the value of liver stiffness as a prognostic indicator of response to antiviral therapy in HCV patients prior to initiation of dual/triple therapy. 
Research frontiers

First generation triple therapy is still a therapeutic option in many countries, where the polymerase inhibitors, inhibitors of the replication complex and protease inhibitors of the second generation are not yet available or still under way. This is mainly due to the living standards of the low and middle income countries. Interferon-free therapies are well tolerated and effective, but their high cost forces to let each patient follow cost-effective paths.

Innovations and breakthroughs
This observational study points out that the liver stiffness values are significantly higher in patients who don’t respond to treatment suggesting that liver stiffness >12 kPa should be considered a negative prognostic indicator. 
Applications 

The assessment of liver stiffness is a good option to evaluate liver fibrosis by means of a non invasive method. It can potentially be an useful tool for a more accurate selection of treatment. 
Peer review
The study is interesting and well done. In this prospective study of liver stiffness in 65 treatment-naive patients with HCV prior to commencing dual antiviral therapy, high liver stiffness values predicted a poor virological response. This group was compared with a group of patients who had been treated previously and were retreated with triple therapy. Liver stiffness was a strong predictor of response, especially in the latter group.
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Figure 1 Rates of patients achieving a sustained virologic response 24 wk after therapy (sustained virologic response 24). SVR: sustained virologic response; NR:  Non responders were defined by positive HCV-RNA at the end of at least 24 wk of treatment.
Table 1 Main features of the study population at baseline
	Baseline feature
	Dual therapy
	Triple therapy
	Normal range
	P-value

	
	
	
	
	

	Age (yr)
	51.82 ± 11.40
	56.65 ± 8.24
	
	0.16

	BMI
	24.65 ± 3.45
	26.17 ± 3.55
	18-25
	0.08

	Male sex
	40/25
	10/10
	
	

	Albumin (g/dL)
	4.11 ± 0.34
	4.08 ± 0.49
	3.5-5.0
	0.95

	Bilirubin (mg/dL)
	 0.78 ± 0.41
	1.05 ± 0.21
	0.3-1
	0.06

	Platelets (x 109/L)
	190.29 ± 60.04
	168.16 ± 51.08
	140-440
	0.18

	ALT (U/L)
	116.75 ± 88.69
	82.88 ± 47.86
	5-40
	0.28

	GGT (U/L)
	 72.16 ± 80.53
	93.38 ± 77.62
	10-40
	0.06

	C/T or T/T IL28B genotype
	19.5%
	100%
	
	

	Liver stiffness (kPa)
	8.61 ± 5.79 
	13.29 ± 8.57 
	
	0.002

	HCV genotypes 1/4, n (%)

HCV genotypes 2/3, n (%)
	24 (36.92)

41 (63.07) 
	20 (100)


	
	

	HCV RNA level 
(IU x 1000) 
	3459.135 ± 5541.24
	4924.462 ± 6799.737
	
	0.72


BMI: Body mass index; ALT; Alanine aminotransferase; GGT; Gamma glutamyl transpeptidase; hcv: hepatitis C virus.
Table 2 Univariate analysis of negative prognostic factors of sustained virologic response in both dual and triple therapy
	
	Dual therapy 

(p-value)
	Triple therapy

(p-value)

	Male sex
	0.33
	0.39

	Age ≥ 55 yr
	0.40
	0.47

	HCV genotype 1 and 4
	0.46
	-

	Liver stiffness >12 kPa
	0.03
	0.001

	C/T or T/T IL28B genotype
	0.12
	-

	> 500000 IU HCV RNA titre 
	0.30
	0.06


-: omitted because of collinearity. hcv: hepatitis C virus.
Table 3 Multivariate analysis of negative prognostic factors of sustained virologic response in both dual and triple therapy

	
	Dual therapy 

(p-value)
	Triple therapy

(p-value)

	Male sex
	0.465
	0.913

	Age ≥ 55 yr
	0.465
	0.954

	HCV genotypes 1 and 4
	0.622
	-

	Liver stiffness > 12 kPa
	0.733
	0.049


	C/T or T/T IL28B genotype
	0.622
	-

	> 500000 IU HCV RNA titre 
	0.317
	0.532


-: omitted because of collinearity. hcv: hepatitis C virus.
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