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May some HCV genotype 1 patients
still benefit from dual therapy?
The role of very early HCV kinetics
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SUMMARY

When treating HCV patients with conventional dual therapy in the current context of rapidly evolving HCV therapy,
outcome prediction is crucial and HCV kinetics, as early as 48 hours after the start of treatment, may play a major
role. We aimed at clarifying the role of HCV very early kinetics.

We consecutively enrolled mono-infected HCV patients at 7 treatment sites in Central Italy and evaluated the pre-
dictive value of logarithmic decay of HCV RNA 48 hours after the start of dual therapy (Delta48).

Among the 171 enrolled patients, 144 were evaluable for early and sustained virological response (EVR, SVR)
prediction; 108 (75.0%) reached EVR and 84 (58.3%) reached SVR. Mean Delta48 was 1.68+1.22 log,, IU/ml, being
higher in patients with SVR and EVR.

Those genotype-1 patients experiencing a Delta48 >2 logs showed a very high chance of success (100% positive
predictive value), even in the absence of rapid virological response (RVR).

Evaluation of very early HCV kinetics helped identify a small but significant proportion of genotype-1 patients
(close to 10%) in addition to those identified with RVR, who could be treated with dual therapy in spite of not
reaching RVR.

In the current European context, whereby sustainability of HCV therapy is a crucial issue, conventional dual ther-
apy may still play a reasonable role in patients with good tolerance and early prediction of success.
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latter, however, are not yet available in Europe
or in low-income countries. The higher costs of
these new regimens and financial constraints in
health systems all around the world, especially
in countries with a high HCV burden (Brugg-
man et al., 2014) make therapy optimization
mandatory for HCV treatment sustainability.
Moreover higher side effects with triple IFN-
based therapy (Chopra et al., 2013), the current
alternative to conventional dual therapy, have to
be considered. Indeed, a fair proportion of HCV
patients, up to 50%, can still be treated with
conventional dual therapy with PEG-IFNa and
ribavirin (RBV) (Durante-Mangoni et al., 2009;
Parruti et al, 2010; Marcellin et al., 2012; An-
driulli et al., 2014), with limited costs and well-
known side effects. Moreover, most of recently
released HCV guidelines around Europe (EASL,
2014; AISF, 2014) suggest starting with conven-
tional dual therapy in all genotype-1 naive pa-
tients without liver fibrosis, to spare third drug
toxicities when rapid virological response (RVR)
is achieved. Accurate prediction of HCV treat-
ment success may therefore be more relevant
now in the era of therapy personalization, to
allocate the right patient to the right treatment,
keeping high chances of success for everyone
and addressing newer therapeutic approaches
to those patients with low chances of success
with conventional treatment (EASL, 2014; AISF,
2014). The importance of baseline predictors is
crucial (Beinhardt et al., 2013; Bruggman et al.),
but on-treatment predictors, that is early viral
kinetics, play the main role being a very good
proxy of treatment outcome (Durante-Mango-
ni et al., 2009; Parruti et al., 2010; Andriulli er
al, 2014). A recent study from Andriulli et al.
(2014) showed that combined evaluation of
baseline predictors for sustained virological re-
sponse (SVR) and viral kinetics (namely RVR)
will identify a large proportion of patients with
>80% chance of cure with dual therapy alone, as
also highlighted in the Prophesys cohort (Mar-
cellin et al., 2012). Evaluation of earlier viral ki-
netics, up to as early as 48 hours after the start
of dual therapy, revealed a good predictive value
both for early virological response (EVR) and
SVR in 2 monocentric Italian cohorts (Duran-
te-Mangoni et al., 2009; Parruti et al., 2010).

We set up a prospective multicentric evaluation
of HCV RNA decay 48 hours after the start of

dual therapy, to clarify the role of very early
HCV RNA kinetics in predicting treatment out-
come.

MATERIALS AND METHODS

A multicentric cohort of consecutive HCV mo-
no-infected patients treated with PEG-IFNa
and RBV was enrolled in 2011-2012 at 7 sites of
care, mostly based in central Ttaly. All patients
provided written consent. The study was ap-
proved by ethics committees at study sites in
Pescara, Chieti, Teramo, Viterbo and Perugia,
and it was conducted according to provisions of
the Declaration of Helsinki and Good Clinical
Practice Guidelines. Demographic, clinical and
virological characteristics of patients were col-
lected at therapy start (Table 1). Cirrhosis was
diagnosed according to Metavir score on liver
biopsy (Bedossa and Poynard, 1996) or on the
occurrence of one or more following criteria: a
liver elastometric value 213 KPa (Fibroscan®),
and/or oesophageal varices at endoscopy, and/
or platelet count <100,000/mL-1 (Symonosky,
1999; Castera, 2012; Poynard et al., 2012; Andri-
ulli et al., 2014). Autoimmune diathesis, thyroid
autoimmunity, depressive disorders, diabetes
and other relevant co-morbidities (previous
cancer, substitution opioid therapy, or other
chronic diseases) were recorded.

Patients were screened for two SNPs of the
IL28B gene (rs12979860 T/C, rs8099917 T/G)
in a centralized reference laboratory. Genom-
ic DNA was extracted from buccal swabs or
peripheral blood using standard procedures.
IL28B genotyping analysis was performed by
Real Time-PCR using TagMan® chemistry. The
AB7500 Fast real-time PCR instrument and the
Sequence Detection System 2.1 software (Ap-
plied Biosystems, Foster City, California) were
used for genotyping. Each plate contained a
negative control sample and three positive con-
trol samples previously confirmed by direct se-
quencing.

Patients received either PEG-IFNo-2a or 2b
plus weight-based RBV. Plasma HCV-RNA was
quantified by Roche COBAS® TagMan® HCV
Test v2.0 (LLOQ, lower limit of quantification:
25 IU/mL-1; LLOD, lower limit of detection: 15
IU/ml-1) at baseline, at very early time-points
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TABLE 1 - Characteristics of the evaluable patients.

Total sample Genotype I ~ Genotype 2 Genotype 3  p-value*
(144 pts) (81 pts) (30 pts) (33 pts)
Male gender, n (%) 88 (61.1) 50 (61.7) 9 (30.0) 28 (84.8) <0.001
Age, y (SD) 45.8 (13.7) 47.4(13.9) 51.1(15.3) 39.0(9.4) 0.0003
Cirrhosis, n (%) 31 (21.5) 21 (25.9) 4(13.3) 7(21.2) 0.45
Baseline HCV RNA >400.000 UI/ml, n (%) 99 (68.7) 55 (67.9) 21 (70.0) 23(69.7) 0.97
Altered ALT, n (%) 88 (63.7) 51 (63.8) 11 (44.0) 26 (78.8) 0.024
rs12979860 CC?, n (%) 24 (34.8) 15 (41.7) 4 (30.8) 5(25.0) 0.43
rs8099917 TT®, n (%) 37 (63.8) 16 (59.3) 7 (58.3) 14 (73.7) 0.55
Thyroid autoimmunity, n (%) 6(4.3) 4(4.9) 2(6.7) 0 (0.0) 0.38
Autoimmune diathesis, n (%) 19 (13.4) 10 (12.5) 4(13.3) 5(15.6) 0.91
Depression, n (%) 11 (7.8) 8(10.1) 2(6.7) 1(3.0) 0.43
Diabetes, n (%) 9 (6.3) 4(4.9) 2(6.7) 3(9.4) 0.68
Other comorbidities®, n (%) 58 (43.9) 31 (40.8) 11 (39.3) 16 (51.6) 0.54
Naive patients, n (%) 127 (90.1) 71 (89.9) 27 (93.1) 29 (87.9) 0.79
PEG IFNa-2a, n (%) 79 (57.3) 56 (71.8) 7(24.1) 16 (51.6) <0.001
Delta48, log10 IU/ml (SD) 1.67 (1.21) 1.10(0.93) 2.51(0.85) 2.28(1.33) 0.001
RVR, n (%) 69 (47.3) 17 (21.0) 28 (93.3) 22 (66.7) <0.001
EVR, n (%) 107 (76.9) 47 (59.5) 30 (100.0) 30 (90.9) <0.001
SVR, n (%) 84 (58.3) 38 (46.9) 23 (76.7) 22 (66.7) 0.020

*Chi-squared test for categorical variables, Kruskal-Wallis test for continuous variables. “Evaluable for 69 patients only (36 genotype 1, 13
genotype 2, 20 genotype 3); "evaluable for 58 patients only (27 genotype 1, 12 genotype 2, 19 genotype 3); “previous cancer, substitution opioid

therapy, or other chronic diseases.

after therapy start (after 48 h) and at 4-12-24-
48-72 weeks. Paired samples at baseline and
after exactly 48h since treatment start were
collected for each patient and processed in a
centralized reference laboratory in the same
analytic session, to minimize the potential in-
fluence of inter-assay variation (Parruti et al.,
2010).

Treatment was managed according to Euro-
pean guidelines as in 2011 (EASL, 2011). Dis-
continuations for both adverse effects and vi-
rological non response were recorded. The log-
arithmic difference between baseline and 48h
HCV RNA (Delta48) (Parruti et al., 2010) was
evaluated in several logarithmic cut-offs both
in the total sample and for genotype-1 (G1) pa-
tients; sensitivity, specificity, positive and nega-
tive predictive values (PPVs and NPVs) for each
of them were calculated. SVR was defined as
negative HCV RNA 24 weeks after treatment
completion. Statistical significance was defined
as a two-sided P-value <0.05 for all analyses;
multiple regression models were fit using Stata
version 10.1 (Stata Corp., College Station, TX,
USA, 2010).

RESULTS

One hundred and seventy-five Caucasian HCV
patients starting dual therapy were consecu-
tively enrolled in 2011-2013; 21 patients did not
show up at 48 h. One hundred and fifty-four pa-
tients were therefore evaluable. Among them,
61.1% were males, mean age was 45.8+13.7
years, 56.3% were HCV G1, 23.0% were cir-
rhotics. The majority of patients (90.1%) were
naive to antiviral treatment. Major co-morbid-
ities were present in 43.9% of patients. Auto-
immunity diathesis, thyroid autoimmunity,
depression and diabetes, however, were not fre-
quent (less than 10% of patients). IL28b geno-
types were evaluated in a third of patients only
(Table 1). Baseline characteristics of patients
are summarized in Table 1. Baseline HCV vi-
remia was >400.000 UI/ml-1 in 67.3% of pa-
tients. Mean Delta48 was 1.68+1.22 log;, IU/ml-
1. Delta48 was significantly higher in non-G1
patients (2.38+1.31 vs 1.10+0.93 log;, IU/ml,
p<0.001), in patients treated with PEG-IF-
No2b (2.08+1.10 vs 1.41+1.23, p<0.001) and
non cirrhotics (1.79+1.26 vs 1.12+1.02 log,, IU/
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ml, p=0.013); moreover, Delta48 was signifi- (1.97+1.16 vs 1.19+1.06 log;, IU/ml, p<0.001),
cantly higher in patients with EVR (1.98+1.11  showing no significant association with age, di-
vs 0.78+0.81 log;, IU/ml, p<0.001) and SVR  abetes or other co-morbidities.

TABLE 2 - Univariate analyses for EVR.

EVR Total sample p-value* EVR in GI patients p-value*
Gender, % 0.3
- Female 72.4
- Male 79.6
Age, y (SD) 0.030 0.064
- <50 years 82.3 68.8
- >50 years 66.7 48.6
Cirrhosis, % <0.001 <0.001
- No 85.1 75.0
- Yes 45.8 18.8
Baseline HCV RNA, 1U/ml 0.2 0.061
<400,000 83.7 75.0
>400,000 75.6 53.7
ALT, IU/ml (SD) 0.2 0.081
- Normal 82.4 73.3
- Upper Normal Level 72.8 53.9
rs12979860 CC, % 0.2 0.040
- No 75.0 50.0
- Yes 88.9 82.4
rs8099917 TT, % 0.004 0.013
- No 61.9 36.4
- Yes 92.3 82.4
Thyroid pathology, % 0.9 0.7
- No 76.8 61.2
- Yes 75.0 50.0
Autoimmune diseases, % 0.7 0.9
- No 76.3 60.8
- Yes 80.0 60.0
Depression, % 0.4 0.3
- No 75.7 58.1
- Yes 85.7 77.8
Diabetes, % 0.5 0.1
- No 77.3 62.5
- Yes 66.7 25.0
Other comorbidities, % 0.1 0.2
- No 71.3 53.3
- Yes 82.8 68.6
Previous treatments, % 0.3 0.3
- No 77.6 62.2
- Yes 66.7 44.4
PEG IFN, % 0.4 0.4
- PEG IFNa-2a 73.2 62.7
- PEG IFNo-2b 79.7 52.2
Delta48, log;, UI/ml (SD) <0.001 0.001
<0.5 log;o 39.1 26.3
>0.5<1 logy, 58.6 56.5
>1<1.5 logy, 68.8 61.5
>1.5<2 logm 89.5 81.8
>2 logy, 100.0 100.0
RVR, % <0.001 <0.001
- No 55.6 50.0
- Yes 100.0 100.0

*Chi-squared test for categorical variables, t-test for continuous variables.
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Among the 154 evaluable patients, 10 stopped
treatment before 12 weeks due to side ef-
fects and were not evaluable for EVR in our
analysis. Among the others (144), 69 patients
(47.3%) reached RVR, 108 (75.0%) reached
EVR and 84 (58.3%) reached SVR. Among the
77 patients without RVR, EVR was reached by
85.7% (10/12) of non-G1 patients, and by 50.0%
(33/66) of G1 patients. Among all G1 patients
evaluable, EVR was significantly associated
with several factors, as described in Table 2. In
particular, Delta48 was 1.98+1.11 log;, IU/ml in
patients with EVR and 0.78+0.81 log;, IU/ml in
patients without EVR (p<0.001), suggesting a
strong prediction potential. Therefore we tested
sensitivity, specificity, PPV and NPV for Delta48
different cut-offs for the prediction of EVR, as
shown in Table 3a. Interestingly, Delta48 >2 log
showed a 100% PPV for EVR, whereas Delta48
>1.5 log showed a PPV as high as 91.3%. Sim-
ilar results were obtained considering patients

without RVR alone (Table 3b). Among them,
the Delta48 2-log cut-off identified 3 patients
(7.85% of G1 patients) without RVR who later
reached EVR,; the 1.5-log cut-off identifies 8 pa-
tients (10.3% of G1 patients). Separate evalua-
tion for cirrhotic and non cirrhotic patients led
to the same results (data not shown). Multivar-
iate analyses confirmed the association of Del-
ta48 with EVR for all the investigated cut-offs
(2-log, 1.5-log, 1-log,0.5-log; data not shown).

DISCUSSION

Prediction of treatment success with conven-
tional dual therapy is crucial in the current
context of newer HCV drugs and regimens,
where rate of success, costs and side effects
have to be accurately balanced (Chopra, 2013;
Hoofnagle, 2014; Muir, 2014). Indeed, the
mere possibility of a long-term sustainabili-

TABLE 3 - Prediction of EVR on the basis of delta48 in genotype 1 patients [a] and in patients without RVR [b].

A) Patients with HCV genotype 1 (78 patients).

Delta48 cut-off  EVRn (%) Non EVR n (%) pe Sens® (%) Spec® (%) PPV (%) NPV (%)
2 logy, 0.004 26.2 100.0 100.0 53.7
>2 logy, 11 (100.0) 0(0)

<2 logy, 31 (46.3) 36 (53.7)

1.5 logyo <0.001 44.7 93.5 91.3 52.7
>1.5 log; 21 (91.3) 2 (8.7)

<1.5 logy, 26 (47.3) 29 (52.7)

1 logy, 0.001 61.7 77.4 80.6 57.1
>1 logy, 29 (80.6) 7 (19.4)

<1 logy, 18 (42.9) 24 (57.1)

0.5 log 0.001 89.4 45.2 71.2 73.7
>0.5 log; 42 (71.2) 17 (28.8)

<0.5 logy, 5(26.3) 14 (73.7)

B) Patients with HCV genotype 1 without RVR only (61 patients).

Delta48 cut-off  EVRn (%) Non EVR n (%) p° Sens® (%) Spec® (%) PPV (%) NPV (%)
2 logy, 0.071 10.0 100.0 100.0 53.4
>2 logy, 3(100.0) 0(0)

<2 logyo 27 (46.6) 31(53.4)

1.5 logyo 0.033 26.7 93.5 80.0 56.7
>1.5 log; 8 (80.0) 2 (20.0)

<1.5 log;o 22 (43.1) 29 (56.9)

1 logy, 0.013 53.3 77.4 69.6 63.2
>1 logy, 16 (69.6) 7 (30.4)

<1 logy, 14 (36.8) 24 (63.2)

0.5 logyo 0.006 86.7 45.2 60.5 77.8
>0.5 log; 26 (60.5) 17 (39.5)

<0.5 logy, 4(22.2) 14 (77.8)

achi-squared test. "Sens: sensitivity, Spec: specificity.



496 M. Tontodonati et al.

ty of IFN-based therapy will likely rest upon
the possibility of a very accurate prediction of
therapeutic success using relatively short IFN-
based protocols, little used in clinical practice
so far (Mangia, 2014). This prospective study
on early HCV kinetics confirms the predictive
value of Delta48 for EVR and SVR in a multi-
centric cohort of HCV patients enrolled in Cen-
tral Italy. In particular, the 2-log cut-off showed
a surprisingly high PPV (100%) for EVR in G1
patients, both with and without RVR, identi-
fying a small but significant subset of patients
with a perfect prediction of success already 48
hours after treatment start. Early viral kinetics,
in addition to well-established 1- and 3-month
evaluation after treatment start, have already
been investigated as predictors of treatment
response in recent years (Durante-Mangoni et
al., 2009; Parruti et al., 2010): Durante-Man-
goni et al. (2009) first showed a good NPV for
SVR for a 0.5-log decay of HCV RNA 48 hours
after therapy start in a monocentric cohort of
Italian HCV patients (Durante-Mangoni et al.,
2009). These data were confirmed in another
Italian monocentric evaluation by our group
(Parruti et al., 2010), showing a good NPV
(95%) also for EVR. The current study clarifies
the predictive role of Delta48 in mono-infect-
ed patients, indicating that those patients with
>2 log decay at 48h have a very high chance
of EVR even when RVR is not achieved and,
therefore, a 95% chance of SVR (Hoofnagle
and Seeff, 2006) in our series as in other expe-
riences. Such patients may still be candidates
for a dual therapy approach as a reasonable
therapeutic option, with a sustainable burden
of side effects, lower costs and a very high pre-
diction of success, even in the revolutionary
era of new antivirals. This could be useful in
the current European context, whereby the
sustainability of HCV cure is totally in charge
of local health services. Interestingly, the lat-
est release of European treatment guidelines
stresses the usefulness of extending the lead-
in phase with dual therapy to all G1 patients
(EASL, 2014; AISF, 2014).

This study has some important limitations:
first of all, the sample size, even though it
can be assumed as fairly representative of the
Italian population of HCV patients (Marcellin
et al., 2012); second, the lack of IL28b geno-

type evaluation for most of patients. These
criticisms were mostly due to the real life and
non-sponsored design of this institutional
study.

In conclusion, in G1 HCV patients, 48 h HCV
RNA decay could identify an additional small
but significant proportion of patients without
RVR who may benefit from dual therapy alone.
Evaluation of very early HCV viral kinetics,
combined with the conventional 4-week-term
evaluation, may well help keep under dual ther-
apy only those patients with a very high chance
of success, favoring an early shift to newer op-
tions for all the remaining patients.
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