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Abstract
Background &Aim. More than half of patients with genotype 4 chronic hepatitis C (CHC) do not achieve a sustained viral response (SVR) to current antiviral therapy. This study was constructed to investigate the predictive factors of primary treatment non response in patients with chronic HCV genotype 4 treated with peg interferon- ribavirin.
Patients & Methods. Medical records of naïve 230 HCV patients – genotype 4 previously treated with standard antiviral treatment, were analysed retrospectively using logistic regression analysis to identify predictors of primary treatment non response by comparing group of patients with non response to another group who achieved SVR.
Results. High viral load >255000 iu/ml (OR=1.000, 95 %CI: 1.000-1.020, P<0.05), significant fibrosis (OR=5.61, 95% CI: 2.9-10.7, P<0.05), positively of anti bilharzial antibodies (OR=2.78, 95% CI: 1.4-5.7, P<0.05), and presence of insulin resistance reflected by HOmostatic Model Assessment of Insulin Resistance (HOMA-IR)> 2.99 (OR=0.777, 95% CI: 0.704-0.875, P<0.05), were associated with the risk of primary treatment non response by logistic regression analysis.
Conclusion. The identified basal predictors among our HCV population could serve as a model for pretreatment selection of the patients for whom we may withhold therapy.
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Rezumat

Scop. Mai mult de jumătate din pacienții cu hepatită cronică cu virus C, genotip 4, nu obțin un răspuns viral susținut (SVR) la terapia antivirală curentă. Acest studiu a fost susținut proiectat pentru a investiga factorii predictivi ai absenței răspunsului la tratamentul primar la pacienți cu hepatită cuvirus C, genotipu 4, tratați cu peginterferon-ribavirină.
Pacienți și metodă. Au fost analizate retrospectiv datele a 230 de pacienți cu HCV-genotipul 4, tratați anterior cu un tratament antiviral standard, folosind anlize de regresie logistică pentru a identifica predictori ai absenței răspunsului, comparând grupul de pacienți care nu au înregistrat răpuns la tratament cu un alt grup care a obținut răspunsul viral susținut.
Rezultate. Încărcătura virală înaltă >255000 iu/ml (OR=1.000, 95 %CI: 1.000-1.020, P<0.05), fibroza semnificativă (OR=5.61, 95% CI: 2.9-10.7, P<0.05), prezența anticorpilor anti bilharzia (OR=2.78, 95% CI: 1.4-5.7, P<0.05), și prezența rezistenței la insulină reflectată prin modelul homeostatic de apreciere a rezistenței la insulină (HOMA-IR)> 2.99 (OR=0.777, 95% CI: 0.704-0.875, P<0.05) au fost asociate prin analiza de regresie logistică cu absența răspunsului la terapia primară.

Cuvinte cheie: Virusul hepatitic C, predictori, eșec terapeutic, genotipul 4.
Introduction
The hepatitis C virus (HCV) is a major public health problem and a leading cause of chronic liver disease; with approximately 3% of the world's population infected(1,2). 
HCV genotype differences seem to be of considerable clinical significance because they affect the responses to antiviral therapy(3). HCV genotype 4 appears to be prevalent in the Middle East and Central Africa, where almost 13% of HCV carriers around the world live in the Eastern Mediterranean region. Prevalence rates of HCV genotype 4 ranges from 60% in Saudi Arabia to 90% in Egypt where it has been reported to be frequently associated with cirrhosis and a poor response to interferon (IFN)(4, 5).
However, due to a variety of factors, genotype 4 patients have not been well represented in the large registry trials of antiviral therapy(6). This gap in medicinal wisdom has been largely filled by investigators from Saudi Arabia, Egypt and Kuwait, where genotype 4 is the predominant form, aiding us in addressing important issues relating to the management of HCV(7-11). Overall results of these trials indicate that an anticipated SVR in genotype 4 patients is around 50% to 70%(12).
The current standard of care for patients with chronic hepatitis C is the addition of ribavirin to interferon-based therapies(13,14). Unfortunately, some patients, particularly those with more resistant hepatitis C virus (HCV) genotypes, do not respond to these agents(15).
Previous studies were concerned about the predictors of response among hcv patients treated with standard antiviral therapy. It’s more interesting to elucidate different predictors of treatment failure in such group of patients and evaluate its impact on treatment decision. Thus we designed the present study with the aim to elucidate whether there are certain pretreatment predictors related to either clinical, biochemical, histological and viral factors associated to the risk of primary treatment failure in hcv patients with genotype 4 treated with combined peg interferon and ribavirin by comparing a group of patients with primary failure with a group of patients who reached sustained virological response.
Patients and Methods
This is a retrospective study based upon data collection from medical records of previously treated naïve HCV patients in 3 Egyptian centres sponsored with treatment of HCV according to international guidelines. 
From April 2008 to July 2010, all the patients from shared centres (Kafr Al Sheikh liver institute, Sheben Teaching hospital and National liver Institute) were treated with pegylated interferon and ribavirin for 48 weeks and followed up for 24 weeks after the end of treatment.
We include for this study only the patients who reached either sustained virological response (SVR) at 24 weeks after end of treatment or non response to treatment protocol at weeks 12 or 24 of therapy and exclude patients with non tolerance or relapse. Two hundred and thirty patients’ records had been analyzed to screen both viral and host factors which may be considered as potential predictors of non response.

The diagnosis of chronic hepatitis c was based on clinical evaluation together with results of biochemical and virological tests. All patients were positive for anti-HCV by a second-generation enzyme immunoassay (Boehringer Mannheim Immunodiagnostics for ES-300), which was confirmed by polymerase chain reaction (PCR), (Cobas® Amplicor HCV Monitor test, v2.0 - Roche). Standard serological tests were used to assess anti schistosomal Ab and exclude individuals with hepatitis B, human immunodeficiency viruses and autoimmune diseases.

The degree of insulin resistance was calculated from the homeostasis model assessment (HOMA). The HOMA-IR was calculated according to the following formula(16):

Fasting plasma insulin (µU/ml) x Fasting plasma glucose (mg/dl)

                                                  405

With lower values indicating a higher degree of insulin sensitivity.
Results of liver biopsy were obtained for all patients before starting treatment; both fibrosis stage and grade of activity were recorded according to Metavir scoring system(17).
Statistical analysis
Basal line criteria analysis with the aim to establish which parameters were significantly different between responders and non responders was done for age, gender, body mass index, basal haematological parameters (Haemoglobin, neutrophils and platelets), ALT, AST, total bilirubin, albumin, prothrombin ,alpha feto protein, TSH, initial viral load, serum creatinine, type of pegylated interferon ( α2a vs. α2b), initial ribavirin dose based on body weigh, histological stage of fibrosis and activity, HOMA –IR score, and anti schistosomal antibody state. Continuous variables were compared with the Student’ t test or the Mann-Whitney U test, each when adequate, depending on their Gaussian distribution. A p value <0.05 was considered significant. Categorical variables were compared with the Chi2 or the Fisher exact tests, each when appropriate, and the significance of differences was established by calculating the odds ratio with the 95% confidence interval.
The significantly different variables in the univariate analysis were included in a multivariate analysis based on a logistic regression model to identify if they were independently related to the risk of primary treatment non response. 
To provide cut-off points useful in clinical practice to predict the risk of suffering primary treatment non response, The Area under the Receiver Operating Characteristic (AUROC) analysis curves were plotted and the odds ratios (with 95% confidence interval) for the median values of each significant independent variable in the multivariate analysis were calculated. Data was statistically analyzed using SPSS (Statistical Package for Social Science) program version 17 for windows.
Results
Two hundred and thirty patients (189 males, 82.2%) met the inclusion criteria. One hundred and forty achieved a sustained viral response. In 90 patients the therapy was stopped due to primary non response, 67 (74.4%) in application of the 12 weeks stopping rule and 23 (25.5%) due to detectable viral load at week 24 of therapy.

Basal demographic, chemical analysis, viral load and histological data were compared between responders and non responders (Table 1). All the patients were Egyptian with no history of travel abroad ,72 % of them gave history of acquiring  post operative or post transfusion hepatitis and 28% had undetermined source of infection.
In the univariate analysis, age, bilirubin, albumin, prothrombin time, platelet count, initial viral load, grades of fibrosis, grades of histological activity, HOMA-IR score and positively for schistosomiasis were significantly different between SVR and non responder groups. From these, only advanced grade of fibrosis, high viral load, high HOMA-IR score and positively for schistosomiasis were identified as independent variables related to the risk of suffering from primary treatment failure (Table 1).
No significant differences were found between studied groups, as regard type of peginterferon or the initial dose of ribavirin used (p>0.05).

Table II summarizes the individual AUROC values for each continuous independent

variable and the odds ratios for their respective median values to discriminate between SVR and primary treatment failure groups.

Results of a liver biopsy showed a significant excess of patients with advanced fibrosis in the group of primary treatment failure (79.5 vs. 20.5%, P <0.001).

Discussion
Current treatment for chronic hepatitis C is expensive, often accompanied by burdensome side effects, and, sadly, fails in almost half of cases. The ability to predict such failures prior to treatment could save a great deal of pain and expense for patient with HCV(18). The slow viral dynamics, particularly second-phase decay(19) and limited effectiveness of IFN in blocking the virion have been implicated in poor response to IFN therapy in hepatitis C genotype 4 patients(20), which genotype has been described as a difficult-to-treat one. Unfortunately, this is the predominant genotype in the Middle East where large numbers of affected individuals are reported(21).
Previous studies declared many negative predictors for SVR among HCV patients genotype 4 treated with peg interferon and ribavirin such as age, pretreatment viral load, and stage of fibrosis(8,9,11). In our study, one of the traditional predictors like age fell by the wayside and non-conventional factors like presence of Bilharziasis and insulin resistance were identified to be predictive. Albeit our age group didn’t show a negative prediction for SVR similar to previous studies in genotype 4(21,22), age has a relatively low statistical power as predictor of treatment failure, as it may represents the duration of infection not the date and mechanism of infection(23) . This contradictory about the predictive role of old age in our study could be explained by the difference in study population from the others.

On the other hand, we confirmed previous reports signalling that a low viral load is the strongest predictor of SVR when the comparison is made with patients who suffer primary treatment non response. As pretreatment viral load was predictive by both univariate and multivariate analysis and by study of AUROC of PCR viral load , we found that viral load more than 255000 iu/ml was a predictor for treatment non response with sensitivity of 72.5% and specificity of  66.4% among our studied population .
Presence of advanced fibrosis was a strong predictor of non response when compared with those who gained SVR. This finding goes in line with previous Egyptian study on 250 HCV patients with genotype 4 and declared that advanced fibrosis was associated with treatment failure(24).
A low platelet count, a well known surrogate marker of advanced liver fibrosis(25) is another criterion that heralds primary failure, but in this study it did not reach statistical significance, probably due to the low proportion of patients with liver cirrhosis.

As regard the new non-conventional factors, previous studies had considered high serum AFP levels, in essence, to serve as surrogate markers of more advanced fibrosis(26,27). In our study, AFP levels didn’t show significant difference between responders or those with primary treatment non response which may be related to low prevalence of cirrhosis among studied population. However, the growing recognition of AFP as a predictor of response, given its uniqueness, mandates further evaluation.
On the other hand, positively for anti schistosomal antibody was considered as a predictor of treatment non response by univariate and multivariate logistic regression analysis. This was unique for our region where schistosomal infestation predominate, so its must be considered in pre treatment assessment of out HCV patients.
HCV patients co-infected with schistosomiasis exhibited a unique clinical, virological and histological pattern manifested by an increased incidence of viral persistence with high HCV-RNA titers and accelerated fibrosis(21).

Concurrent HCV-genotype 4 infection and schistosomiasis result in a much more severe liver disease than that seen with either disease alone(28). Luckily, the activity of HCV infection seems to be partially suppressed in such patients(28). The effect of such co-infection on hepatic fibrosis and in turn on response to treatment in HCV patients is however, conflicting. While Helal et al in 1989(29) and Shiha et al in 2002(30) reported a lack of enhancement of hepatic pathology in the schistosomal patients, Hassan et al in 2002(31) suggested that schistosomiasis is an important risk factor involved in enhancement of nitric oxide levels and virus replication, which in turn may aggravate liver cell injury and hence the development of cirrhosis.

One of the negative predictor of response in our study was the insulin resistance (IR) reflected by high HOMA- IR. This finding goes on line with previous studies(32-34) which declared that insulin resistance was associated with low viral response in HCV patients. We elucidate for the first time the link between genotype 4 and IR in our population. Previous studies were analysed the relationship between IR and genotypes other than type 4(35,36). Insulin was found to play a role in the progression of liver fibrosis through direct stimulation of hepatic stellate cells proliferation and of collagen and connective tissue growth factor synthesis(37). But the effect of insulin alone seems insufficient to account for the pathogenesis of intrahepatic inflammation and fibrosis observed in patients with the metabolic syndrome: additional effects are likely to be brought about by the constellation of pro-inflammatory cytokines secreted by the visceral adipose tissue(38,39). 
Understanding the molecular link between insulin resistance and reduced response to IFN-α is paramount for a rational approach to treatment. This has also to take into account the fact that insulin resistance is partially caused by HCV itself(40).
Currently, there are several clinical trials being conducted using insulin sensitizers to improve the virological response to IFN-α. It is unclear whether this approach will reach the goal and less so whether will it also impact on clinical outcomes(37). 
We lack mechanistic studies aimed at identifying the exact molecular links connecting the multifaceted metabolic and inflammatory events peculiar of the metabolic syndrome and liver disease. As discussed above, the situation is made even more complex by the fact that HCV interacts directly (and possibly indirectly, via hepatic inflammation) with the glucose and lipid metabolism.
The current study did have some limitations; by its retrospective nature we can’t evaluate the role of early virological response as a predictor for treatment response. While previous studies confirm the significant correlation between viral clearance at week 12 and SVR which  confirms a consistent relationship between the rapidity of HCV-RNA suppression and the likelihood of achieving SR(41). Conversely, patients showing positive PCR at week 12, all failed to achieve SR. This suggests that a positive PCR at week 12 in genotype 4 cases might be considered as a strong negative predictor of response. The second limitation was unavailability of histological data about presence, nature and number of bilharzial granuloma which add complexity to hepatic fibrosis in our patients

Despite these concerns, this study remains an important contribution to our understanding of virologic response in genotype 4 patients and considered as an extension to previous studies and future studies should be directed at investigating the optimal duration of therapy utilizing the rapid virologic response and early viral kinetics.
Moreover, the role of the newer “small antiviral molecules” in genotype 4 patients, either in isolation or in combination with pegylated interferon, needs to be imminently studied. Physicians may then use the available data on predictors of response to interferon-based therapy to better direct the choice between the various treatment options in order to tailor therapy to individual patients both, in relation to the type of therapy used and its duration.

We can conclude that concomitant HCV-genotype 4, bilharzial infections, insulin resistance in addition to previously known negative predictors such as pretreatment  high viral load, advanced fibrosis could significantly affect the treatment response in our population. Pretreatment selection of the patients is mandatory to avoid intolerance, undesirable side effects and the unnecessary financial coasts. A non-stop and extensive work is still needed to win the battle against HCV. Each new pharmacological modification carries with it more hope for better control of this complicated disease and tells that the difficult to treat genotype 4 will eventually be under control.
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Tables:
Table 1 Baseline characteristics included in the search of predictive criteria of primary non response of therapy
	Variable
	Responders (n:140)

Mean ±SD
	Non responders (n:90)

Mean ±SD
	Univariate analysis
	Multivariate

analysis

	
	
	
	P
	95%  CI
	

	Age (years)
	40.97±8.075
	45.68±6.455
	0.001
	-7.445-1.962
	0.087

	Gender M:F
	113/27
	76/14
	0.538


	OR=0.739 (95% CI 0.282-1.93)
	0.419

	BMI
	27.92±
	28.49±
	0.446
	-5.887-2.616
	0.888

	ALT    iu/ml
	65.26±59.396
	80.88±58.920
	0.142
	-36.595-5.359
	0.188

	AST    iu/ml
	54.18±39.205
	61.95±36.459
	0.261
	-21.435-5.892
	0.149

	Bilirubin  mg%
	0.916±0.306
	1.038±0.4317
	0.045
	-.2420--.0030
	0.838

	Albumin  gm%
	4.516±0.4011
	4.348±0.3870
	0.020
	0.0274 -  0.3090
	0.456

	Prothrombin
	0.867±0.07
	0.836±0.08
	0.021
	0.00467 -0.05748
	0.214

	AFP
	5.318±8.6774
	6.938±6.3117
	0.270
	-4.5276-1.2871
	0.283

	WBCx03/ml
	6.291±1972.288
	6.472±1646.633
	0.593
	-855.910-492.551
	0.117

	HB      gm
	14.66±1.4603
	14.8±1.2889
	0.577
	-0.6458-0.3622
	0.515

	Plat. x03/ml
	199.81±64.798
	162.23±43.573
	0.001
	15.977-58.988
	0.190

	Creatinine  mg/dl
	0.78±01223
	0.81±0.0957
	0.074
	-0.0790- 0.0038
	0.123

	PCR     iu
	272703±467153
	2272524±3387106.2
	0.017
	-3.6946-1653987.102
	<0.001

	TSH
	1.697±1.71
	2.363±6.0277
	0.245
	-1.7984-0.4667
	0.311

	Ribavirin dose  mg
	1152.88±111.525
	1135.55±242.103
	0.519
	-35.827-70.441
	0.252

	F  1/2/3
	74/58/8
	9/50/31
	<0.001
	OR=5.61

(95% CI 2.9-10.7)
	<0.001

	A 1/2/3
	78/52/10
	20/56/14
	<0.001
	OR=2.62

(95%CI:1.5-4.56)
	0.57

	Bilhaziasis  Ab (-ve/+ve)
	91/49
	36/54
	0.005
	OR=2.78

(95%CI 1.4-5.7)
	0.030

	Peg –interferon alpha (2a /2b)
	68/72
	49/41
	0.473
	OR=0.77  (95%CI 0.33-1.56)
	0.164

	HOMA- IR
	3.066±1-737
	3.879±2.442
	0.019
	-1.49042-0.13579-
	<0.001


Continuous variables are expressed as mean ± (SD) 

BMI: body mass index.
HOMA-IR: HOmostatic Model Assessment of Insulin Resistance

F.: Fibrosis     A.: Activity

Table 2: AUROC (for continuous variables) and odd ratios for the identified independent predictors at specific cut-off values
	Variable
	AUROC  (95%CI)
	Cut- off value
	Odds ratio 95%CI
	P value

	Viral load
	0.708 (0.610-0.806)
	255000
	1.000 (1.000-1.020)
	<0.001

	MOMA-IR
	0.606  (0.505-0.707)
	>2.99
	0.777 (0.704-0.857)
	0.041


Figures: 

Figure 1: ROC curve for PCR level
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Figure 2: ROC curve for HOMA –IR score
[image: image2.png]ROC Curve

10

0z

02

o0
00 02 04 05 08

1- Specificity

Diagonal segments are produced by ties.

10




PAGE  
2

