
 

European Journal of Clinical and Biomedical Sciences 
2019; 5(3): 51-57 

http://www.sciencepublishinggroup.com/j/ejcbs 

doi: 10.11648/j.ejcbs.20190503.13 

ISSN: 2575-4998 (Print); ISSN: 2575-5005 (Online)  

 

Ribavirin Concentrations, Laboratory Variables, and 
Clinical Outcomes During Treatment of Hepatitis C 
Infection with First Generation Direct-Acting Antivirals 

Halina Michur
1
, Phillip Morgan

1
, Ivana Carey

1
, Nigel Brown

2
, Nigel Heaton

1
, Michael Heneghan

1
, 

Kosh Agarwal
1
, John Michael Tredger

1
 

1Institute of Liver Studies, King’s College Hospital, London, UK 
2Department of Clinical Chemistry, Wansbeck General Hospital, Ashington, UK 

Email address: 

 

To cite this article: 
Halina Michur, Phillip Morgan, Ivana Carey, Nigel Brown, Nigel Heaton, Michael Heneghan, Kosh Agarwal, John Michael Tredger. 

Ribavirin Concentrations, Laboratory Variables, and Clinical Outcomes During Treatment of Hepatitis C Infection with First Generation 

Direct-Acting Antivirals. European Journal of Clinical and Biomedical Sciences. Vol. 5, No. 3, 2019, pp. 51-57.  

doi: 10.11648/j.ejcbs.20190503.13 

Received: July 12, 2019; Accepted: August 20, 2019; Published: September 9, 2019 

 

Abstract: In treating hepatitis C infection, identification of reliable markers predicting virological non-response appear 

central to improving outcome and to prompting changes in dynamic treatment approaches. The interrelationship of ribavirin 

(RBV) concentrations and laboratory variables with clinical outcomes was evaluated in HCV patients treated with ribavirin, 

and with or without early direct acting antivirals (DAA). Correlations between RBV concentration, laboratory variables 

(haemoglobin, absolute lymphocyte, platelet and neutrophil counts, serum creatinine and hepatitis C viral load) and patients’ 

characteristics associated with sustained virological response (SVR) were investigated using multivariate analysis. The 76 

patients studied all received interferon (INF) and RBV, with 37 additionally given Boceprevir or Telaprevir. Significant 

correlations were noted between week 1 RBV concentration and subsequent total exposure at weeks 2, 4 and 12 (P < 0.0001). 

RBV concentrations in excess of 1.0 mg/L (week 1) and 2.0 mg/L (week 2) provided targets for avoiding breakthrough (P < 

0.05). SVR was greater in patients without cirrhosis (73.3% vs. 41.3%; P < 0.01). All patients with an absolute haemoglobin 

(Hb) fall >30 g/L (week 8) experienced higher SVR rates (P < 0.03). RBV concentrations above 2.7 mg/L at week 4 or later 

increased the likelihood of Hb falls >30 g/L. Six factors were predictive of SVR in univariate analysis, and three in 

multivariate analysis. There is an association between SVR and absolute lymphocyte count, IL-28B CC genotype, and HCV-

RNA load fall at week 1 (>80%) or week 2 (>90%) in HCV patients treated with INF/RBV and early DAA.  
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1. Introduction 

Ribavirin [RBV] (1-[(2R,3R,4S,5R)-3,4-dihydroxy-5-

(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-3-

carboxamide) has remained a valuable adjunctive component 

of hepatitis C anti-viral therapies despite the shift from 

interferon-based to direct-acting anti-viral (DAA) regimens 

[1, 2]. Inter-individual differences in RBV disposition are 

well documented and common side-effects, such as anaemia, 

have been associated with high RBV exposure [3]. Studies 

have suggested that positive treatment outcomes and adverse 

events may be associated with RBV concentration thresholds 

[4] but contradictory data exist [5], perhaps consistent with 

its multiple mechanisms of action [6, 7]. The instability of 

drug concentrations in collected samples [8] further 

complicates RBV therapeutic monitoring. Nevertheless, 

some studies suggest that higher plasma RBV concentrations 

are associated with a higher rate of sustained virological 

response (SVR) [9], and that monitoring plasma RBV could 

be a useful tool to intervene early on in the treatment, 

allowing necessary dose adjustments to improve tolerability 

and clinical outcome [10-13]. This study examined the 

features of RBV exposure and their relationship to RBV 

doses, laboratory variables and outcomes in order to 
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distinguish their impact both on the drug’s virological 

efficacy and its adverse effects. 

This work investigated the utility of RBV concentration 

monitoring within the framework of a compassionate use 

study with the first generation DAA agents boceprevir (BCV) 

and telaprevir (TLV). Of the diverse cohort of 76 patients, all 

received IFN-based therapy with RBV, but 37 also received 

DAAs. Our aims were (i) to assess the inter-relationship of 

virological response, laboratory outcomes and plasma 

ribavirin concentrations in cirrhotic and non-cirrhotic patients 

and (ii) to identify changes in laboratory markers during 

ribavirin (and anti-HCV) therapy that might predict sustained 

virological response. 

2. Methods 

2.1. Patients and Treatments 

Seventy six HCV infected patients (56 males) were 

admitted to the study between May 2011 to January 2014. 

Adult patients (>18 years old) who had a minimum of three 

ribavirin concentrations during their subsequent treatment 

course were included in the study. 

 All received body weight-based interferon and ribavirin 

therapy, with 37 additionally treated with the DAA agents 

boceprevir (BCV) or telaprevir (TLV). BCV (800 mg 3 times 

a day) was started 4 weeks after a dual therapy with 

peginterferon alpha and ribavirin for 24 to 48 weeks 

depending on the virus detectability at week 8, while TLV 

was given at a dose of 750 mg every 8 hours after meals for 

the first 12 weeks followed by a dual therapy (PegIFN + 

RBV) for 12-36 weeks. 

2.2. Laboratory Analyses 

Hepatitis C genotype (RT-PCR, Versant HCV genotype 

2.0 Assay) and IL28B status were defined prior to admission. 

Hepatitis C viral load (COBAS AmpliPrep/COBAS TaqMan 

HCV quantitative kit), haemoglobin, absolute lymphocyte 

(ALC), platelet (APC) and neutrophil (ANC) counts and 

serum creatinine were also measured initially and at routine 

follow-up visits (weeks 1, 2, 4, 8, 12, 24 and 48). Ribavirin 

plasma concentrations were measured as described by Brown 

et al [8]. Concentrations (mg/L plasma) were summated over 

time using the linear trapezoidal rule to calculate RBV 

exposure (mg/L x days) between successive measurements. 

2.3. Outcomes 

Clearance of virus (undetectable serum HCV RNA level to 

limits of detection, <15 IU/mL) were recorded as a rapid 

virological response (RVR), early viral response (EVR), end 

of treatment response (ETR), and sustained virological 

response (SVR).  

Multivariate analysis was used to determine the variables 

independently associated with SVR and forward Wald 

logistic regression analysis was performed to investigate the 

likelihood of achieving a SVR. Statistical analysis was 

performed with GraphPad Prism v7 (7.01) and IBM SPSS v 

23. Significance was accorded when P < 0.05. 

3. Results 

3.1. Patients and Outcomes 

Table 1 shows a similar range of ages at admission and 

proportion of males in the DAA (n=37) and non-DAA (IFN+ 

RBV only) cohorts (P > 0.05 by contingency analysis). There 

were 12 naïve and 25 experienced patients who received 

DAAs and 14 / 25, respectively who received only 

IFN+RBV. BCV was administered to 22 and TLV to 15 

patients. There was fewer genotype 3 (5.9% vs 22.4% 

overall) and more genotype 1 patients (91.9% vs 69.7% 

overall) in the DAA cohort. Forty six (61%) patients were 

clinically diagnosed with liver cirrhosis and were graded by 

their Child - Pugh score [14]. Most patients who received 

DAA treatment were cirrhotic (73%). RVR was achieved in 

32.9% of the overall cohort, EVR in 80.3%, ETR in 75% and 

SVR in 53.9%. There were no significant differences 

between the corresponding proportions in the DAA and 

IFN+RBV only groups (P > 0.05, Fishers exact test). 

Breakthrough occurred in 25% of patients and relapse in 

35.5%, with again no significant difference between the 

DAA / non-DAA groups. Two patients who received DAA 

treatment and three of non-DAA patients, failed to respond 

(Table 1). 

Table 1. Patient details. 

Variable DAA Non-DAA Total 

Number 37 39 76 

Boceprevir 22 - 22 

Telaprevir 15 - 15 

Age (range in yr) 42.1 – 74.0 27.5 – 78.7 27.5 – 78.7 

Males 27 29 56 

Naïve 12 14 26 

Experienced 25 25 50 

Cirrhosis 27 19 46 

Renal Failure 4 8 12 

Genotype 1 34 19 53 

Genotype 2 2 1 3 

Genotype 3 1 17 18 

Genotype 4 0 2 2 

IL28B CC / CT 13 / 20 13 / 14 26 / 34 

Treatment Response 

RVR 13 12 25 

EVR 32 29 61 

ETR 30 27 57 

SVR 20 21 41 

Breakthrough 10 9 19 

Relapse 13 14 27 

Non-responders 2 3 5 

3.2. RBV Doses, Concentrations and Their Impact on 

Laboratory Results and Outcomes 

RBV doses were not predictive of early RBV 

concentrations, with an initial 6.9-fold range of doses leading 

to a 15.2-fold range in RBV concentrations at week 1. Weak 
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correlations between doses and plasma RBV concentrations 

only achieved statistical significance at week two (r = 0.258, 

P < 0.03, Spearman rank), but patients (n = 55) treated with 

high RBV doses (≥ 800 mg daily) had higher plasma RBV 

concentrations at all times; they also achieved an earlier 

steady state plateau around 8 weeks vs. the 12 weeks in the 

21 patients treated with lower doses (≤ 600 mg daily) (P < 

0.01, two-way ANOVA). However, high RBV doses were not 

associated with a greater likelihood of achieving SVR (51% 

vs. 57%, P = 0.798) and there were no significant differences 

in RBV doses or concentrations for patients with and without 

SVR (P > 0.13 by two-way ANOVA). RBV dose reduction 

during treatment did not impact on the proportion of patients 

achieving SVR, either in the genotype 1 or genotype 3 

cohorts (50% vs. 56% (without dose change) and 55% vs. 

55%, respectively).  

In the entire cohort, median plasma RBV concentrations 

rose progressively to 2.8 mg/L at 8 weeks of treatment before 

falling to 2.2 mg/L at 48 weeks (following dose reductions). 

A strong predictive relationship existed between RBV 

concentrations at week 1 and subsequent total exposure to the 

drug at weeks 2, 4, 8 and 12 (P < 0.0001 in all cases) (Figure 

1). Corresponding Spearman correlation coefficients were 

0.986, 0.940, 0.822 and 0.777, respectively. 

 

Figure 1. Correlation between RBV concentrations at week 1 and 

subsequent total exposure during the first 12 weeks of treatment. 

Median RBV concentrations (but not doses) differed at 

weeks 1 and 2 of treatment in patients with and without EVR 

and ETR (P < 0.05 for both, Mann Whitney U test). Receiver 

operating characteristic (ROC) curve analysis for respective 

discriminant concentrations showed a maximum positive 

likelihood ratio (sensitivity/(1-specificity)) of 2.86 for EVR 

and 1.73 for ETR for a RBV concentration of 1mg/L at week 

1. RBV concentrations were significantly lower and 

haemoglobin significantly higher at all time points during 

treatment in patients experiencing breakthrough (P < 0.0001 

and P < 0.001, respectively by two-way ANOVA). RBV 

concentrations exceeding 1.0 mg/L at week 1 and 2.0 mg/L at 

week 2 provided targets for avoiding breakthrough (P < 0.05 

by ROC analysis), so providing a possible basis for 

optimizing HCV treatment and RBV dosages for improved 

virological control. 

Marked inverse changes in sequential Hb concentrations 

and lymphocyte and neutrophil counts paralleled the time 

course of RBV concentrations: median Hb fell by a 

maximum of 33 g/L by treatment week 12, APC by 38 x 

10
9
/L by week 8, ALC by 0.79 x 10

9
/L by week 24, ANC by 

1.57 x 10
9
/L by week 24. Spearman correlation analysis 

showed a significant inverse association between the entire 

range of ribavirin concentrations and the corresponding Hb 

values (r = -0.518) and ALC (r = -0.297), but not ANC (r = -

0.086) or APC (r = 0.0495). While maximum falls in Hb and 

ALC did correlate with RBV exposure, only for Hb 

concentrations was there a significant correlation between the 

fall from baseline and the cumulative RBV exposure at 

corresponding times to week 12 of treatment (P < 0.01 in 

every case, Spearman correlation). Quartile analysis showed 

a progressive median rise in RBV exposure for each 

corresponding Hb fall at week 12 (P = 0.067; Kruskal-

Wallis). Back extrapolation suggested that a fall in Hb greater 

than 30 g/L might be avoided by limiting mean weekly RBV 

concentrations to 2.7 mg/L by and beyond 4 weeks of dosing. 

Viral load fell rapidly after initiating treatment, with 

median values of < 0.1% of baseline achieved by week 2 and 

undetectable loads before week 8. The sequential data 

showed that patients on a high dose RBV regimen (receiving 

≥ 800 mg daily) had a more rapid fall in viral load and a 

greater fall in Hb concentration (and ALC and ANC) than 

those treated with the low (≤ 600 mg) daily dose (P < 0.04, 

two-way ANOVA in every case). Median serum creatinine 

concentrations ranged from 77 – 83 µmol/L without any 

corresponding temporal relationship to ribavirin 

concentrations (data not shown). 

3.3. Variables Associated with SVR 

Analysis of the laboratory variables in patients achieving 

SVR revealed that median ALC and APC began higher and 

maintained this differential despite falling counts over the 

treatment course (P < 0.0001 for both; two-way ANOVA). 

However, the fall in ALC was significantly greater in patients 

who experienced SVR (P < 0.0001), while that in APC was 

not (P = 0.1942). Neutrophil counts were lower and 

neutropenia (ANC<1500x10
9
/L) more common in those 

patients not achieving SVR, but neither variable achieved 

statistical significance (by repeat measures ANOVA and Chi 

square analysis, respectively). For both ALC and ANC, a 

common feature was a rise in median counts around or after 

week 24 for those patients not achieving SVR, while counts 

in the SVR cohort remained low. Median viral load was 

lower (P < 0.02, two-way ANOVA) and the fall in viral load 

from baseline was faster in patients who achieved SVR (P < 

0.02 for the interaction of treatment week and fall in viral 

load, two-way ANOVA).  

Haemoglobin concentration fell progressively during 

treatment in all patients. Anaemia (< 130 g/L in men and < 

115 g/L in women) developed in 86% of patients at different 

times after the initiation of therapy; 17% of patients 
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underwent RBV dosage reductions and 12% were prescribed 

erythropoietin (EPO). In the SVR cohort, significantly lower 

Hb values resulted by week 8 (P <0.04, Mann-Whitney) and 

there was a more rapid fall (P < 0.01 for the interaction with 

time; two-way ANOVA). An absolute fall in Hb ≥ 30g/L by 

week 8 was associated with an increased likelihood of SVR 

(odds ratio 3.26, 95% confidence intervals 1.27 – 8.37).  

Twenty one of 26 (80.8%) patients with IL28B genotype 

CC achieved SVR vs. fifteen of 39 (38.5%) with genotype 

CT or TT (P < 0.001 by Chi square analysis). However, 

antiviral therapy induced similar SVR responses rates in 

patients stratified by HCV genotype 1 (54.7%) and genotype 

3 (55.6%). Although SVR rates were significantly higher for 

all patients with an absolute Hb decline >30 g/L at week 8 (P 

< 0.03 by Chi square analysis), there was no difference in 

SVR rates between patients with HCV Gen 1 (55%) and Gen 

3 (55%) (P < 0.05 by Chi square analysis). 

More treatment-naïve patients achieved SVR than those 

who were anti-HCV treatment-experienced (65% vs. 48%), 

but this failed to achieve significance. However, lymphocyte 

counts were significantly lower and RBV concentrations 

significantly higher in retreated patients throughout treatment 

(P < 0.001 in both cases, by two-way ANOVA). 

Comparison of the DAA and non-DAA cohorts showed 

that similar proportions achieved SVR (54.1% vs. 53.8%), 

but lymphocyte counts and RBV doses and concentrations 

were higher during the first 12 weeks of DAA treatment (P < 

0.01 by two-way ANOVA in both cases).  

Cirrhosis profoundly affected ALC, ANC and APC (P < 

0.01 in each case, two-way ANOVA) with baseline and 

subsequent values all higher in patients with no or mild 

cirrhosis (Child-Pugh scores of 5-6) than in patients with 

Child-Pugh scores of 7-8. Viral load in the group of non-

cirrhotic patients and those with mild cirrhosis was higher at 

baseline (P < 0.05, Mann-Whitney), but there was no 

significant difference in viral load fall between the two 

groups (P=0.651, two-way ANOVA), nor in relation to the 

severity of cirrhosis (P > 0.05, Mann-Whitney).  

3.4. Predictors of Response 

The following baseline patient characteristics and on-

treatment variables were investigated: age, gender, treatment 

naïve vs. experienced, cirrhosis, IL-28B CC vs. CT/TT 

genotype, HCV genotype 1 vs. 3, RBV concentration, and 

RBV dosage, baseline albumin concentration, Hb level, Hb 

fall from baseline, creatinine concentration, ANC, PLC, 

ALC, ALC fall from baseline, viral load and viral load fall. 

To identify the variables independently associated with 

SVR, multivariate analysis was performed with 6 variables 

differing significantly by univariate analysis. These included 

IL28B genotype (P<0.05), ALC (week 1-12, P < 0.0001), 

APC (week 2-8, P < 0.05), ANC (week 8, P < 0.05), Hb 

concentration fall (week 8, P < 0.03) and viral load fall 

(week 1-4, P < 0.01). The focus was on early indicators of 

outcome to maximize clinical utility. By forward Wald 

logistic regression analysis, three variables were associated 

with a significant early likelihood of achieving a SVR: 

lymphocyte count (Odds Ratio (OR) at baseline, 2.94 (95% 

confidence intervals, 1.33 – 6.47), week 1, 10.84 (1.90 – 

62.0), week 2, 2.99 (1.20 – 7.43)); viral load fall (OR week 1, 

1.05 (1.01 -1.08), week 2, 1.04 (1.00 – 1.08)) and IL-28B CC 

genotype (baseline OR, 0.179 (0.05 – 0.60) (Table 2). The 

predictive values (binary logistic regression) of absolute 

lymphocyte count for SVR were within or just below the 

normal range (1.3 x 10
9
/L – 4.0x10

9
/L) i.e., 1.51x10

9
/L at 

baseline, 1.34x10
9
/L at week 1, 1.13x10

9
/L at week 2) and 

the viral load fall expected would be 80% at week 1, and 

90% at week 2. 

Table 2. Factors associated with SVR in patients with HCV by Logistic regression model. 

Factor Univariate analysis Week 
Multivariate analysis 

Odds ratio 95% Wald confidence P value R Square 

Absolute Lymphocyte 

count (ALC) 

P=0.001 (Mann-Whitney)  Baseline 2.935 1.332-6.467 0.008 0.333 

P=0.001 (Mann-Whitney)  Week 1 10.843 1.896-62.012 0.007 0.606 

P=0.001 (Mann-Whitney)  Week 2 2.99 1.204-7.427 0.018 0.436 

Viral load 

 fall 

P=0.004 (Mann-Whitney)  Week 1 1.047 1.012-1.084 0.008 0.606 

P<0.0001 (Mann-Whitney)  Week 2 1.042 1.002-1.084 0.039 0.436 

IL-28B CC v CT/TT P<0.001 (Chi-Square) Baseline 0.179 0.053-0.603 0.006 0.333 

ALC, absolute lymphocyte count; CI, confidence interval;  

4. Discussion 

The usefulness of ribavirin concentration monitoring and 

its impact on SVR has been controversial, but now it is 

considered almost redundant. This study demonstrated the 

inter-relationship of ribavirin concentration with laboratory 

variables, and the likelihood of achieving an SVR. 

Plasma ribavirin concentrations were associated with 

virological, haematological and laboratory outcomes, but not 

with SVR, in this cohort of 76 diverse patients treated with 

various anti-HCV regimens. However, we have identified the 

initial fall in viral load, IL28B genotype and week 1 

lymphocyte counts as factors predicting SVR in this 

population using logistic regression analysis. 

Our observations that RBV concentrations do not predict 

SVR are in agreement with a previous study [5], although 

others have reported a benefit to measuring RBV 

concentration during or at the end of HCV treatment [10, 15, 

16]. This study supports that achieving target plasma RBV 

concentrations of 1 mg/L at 1 week and 2 mg/L at week 2 did 

significantly reduce the likelihood of viral breakthrough. 

Similarly, significantly higher week 1 and 2 RBV 
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concentrations were associated with EVR and ETR.  

Like RBV concentrations, RBV doses showed no 

relationship to SVR in our study, with high (≥ 800 mg/d) and 

low (≤ 600 mg/d) doses equally effective. Previous studies 

have provided conflicting evidence by indicating that patients 

infected with HCV genotype 1 respond more favourably at 

doses of ribavirin that exceed 800 mg/d [17] or that lower 

doses may be effective [18]. Lower doses have also been 

suggested as appropriate for genotype 2 and 3 HCV 

treatment [19]. We, like Janczewska and colleagues [20], 

were also unable to demonstrate any impact of RBV dose 

reduction during treatment on achieving SVR. Patient and 

treatment heterogeneity may underlie these variable data, but 

no clear evidence of a dose or concentration relationship to 

SVR seemingly emerges from our studies. Although there 

was no RBV-untreated cohort in our study to assist 

interpretation, it seems possible that the adjunctive role of 

RBV in the range of anti-HCV viral therapies used may limit 

any strong relationship of the drug’s doses or concentrations 

to long-term efficacy outcomes. 

In contrast, we have presented evidence that RBV 

concentrations relate to the side-effects of RBV treatment 

and that cumulative RBV exposure up to 12 weeks was 

closely related to the drug concentration at week one - long 

before steady-state had been achieved. This advances the 

findings of Slavenburg et al [21] who demonstrated that 

plasma RBV concentrations at weeks two and four correlated 

with steady-state concentrations at week 8 or 12. The early 

prediction of steady state concentrations may be valuable for 

making early dose adjustments in response to perceived over 

or under exposure and avoidance of adverse effects which are 

particularly evident in patients with advanced fibrosis or 

cirrhosis [22]. Viral load, haemoglobin concentrations and 

absolute lymphocyte, neutrophil and platelet counts all fell 

with rising RBV concentrations. The falls in Hb and ALC 

were greater at higher RBV exposure but only with Hb falls 

did interquartile ranges of both progressively increase in 

parallel, suggesting the strongest association. A target RBV 

concentration of 2.7mg/L was defined below which falls in 

Hb were <30 g/L. The haematological changes above are 

consistent with evidence that the phosphorylated metabolites 

of RBV accumulate extensively in blood cells, particularly 

erythrocytes, where they induce oxidative stress in cell 

membranes and stimulate eryptosis [22]. The impact of 

additional anti-viral treatments (especially interferon) upon 

these variables via suppression of haematopoiesis is an 

alternative contributor, although studies in interferon-free 

regimens also indicate that ribavirin decreases ALC [23, 24]. 

The very process of successful viral clearance is another 

possible contributory cause. The greater fall in Hb and ALC 

during treatment, paralleling the faster fall in viral counts, 

were all features associated here with evolving SVR. The 

former endorses evidence that either anaemia [25] or a >30% 

fall in Hb concentrations [26, 27] were associated with in 

increased likelihood of SVR.  

Predictive factors are key in patient management and in 

achievement of SVR, particularly in patients with 

unfavourable baseline and on-treatment characteristics. Of 

the three terms emerging from our multivariate logistic 

regression of factors independently predicting SVR, IL28B 

CC genotype has been widely identified and shown 

particularly influential during DAA therapy [28]. In contrast 

to IL28B genotype, absolute lymphocyte counts and the fall 

in viral load are both continuous variables determined by the 

patient history and response – particularly at week 1 when 

these data were particularly influential in our model. Several 

previous reports suggest that rapid virological response or 

viral response within two weeks of starting treatment are 

stronger predictors of SVR [29, 30] than even a ≥ 2-log10 

decrease in HCV RNA, low-level detectable HCV RNA at 

week 4 or an undetectable level by week 12 of therapy [19, 

31, 32]. The current study indicates that a viral load fall of 

either 80% at week 1, or 90% at week 2 appears to be a better 

predictor of response than viral load itself. Absolute 

lymphocyte counts within the normal range at baseline and 

week 1 of treatment were similarly predictors of SVR. A safe 

means of treating lymphocytopaenia before starting anti-viral 

treatment may be beneficial to outcome, particularly in 

patients with cirrhosis where baseline ALC are low and 

hepatitis C antiviral therapy is challenging and will reduce 

counts further. 

5. Conclusion 

This study demonstrated that absolute lymphocyte count, 

IL-28B polymorphism, and HCV-RNA viral load fall are 

more likely to be used as independent markers for sustained 

virological response in patients with chronic HCV, treated 

with pegylated interferon, ribavirin with or without first 

generation DAAs. RBV concentrations do relate to major 

adverse effects and a maximum target concentration (2.7 

mg/L at 2 weeks) was defined for their minimisation. 

Several regimens with new DAAs have been introduced 

that showed higher efficacy and optimal safety profile 

compared to IFN – based treatment. Nonetheless, ribavirin 

continues to be used to optimise the treatment response of 

some subgroups of patients, particularly those that have been 

considered the most difficult to cure. In such patient’s 

analysis of the predictive ability of absolute lymphocyte 

count and viral load fall for clinical outcome with new 

regimens and ribavirin may warrant further studies. 
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