
VIRAL HEPAT IT I S

A tool for selecting patients with a high probability of sustained
virological response to peginterferon alfa-2a (40kD)/ribavirin
Peter Ferenci1, Rodrigo Aires2, Ioan Ancuta3, Andrew Arohnson4, Hugo Cheinquer5, Dragan Delic6,
Michael Gschwantler7, Dominique Larrey8, Ludovico Tallarico9, Manuela Schmitz10, Fernando Tatsch11* and
Denis Ouzan12

1 Medical University of Vienna, Vienna, Austria

2 The Goi�as Federal University Clinical Hospital, Gioânia, Brazil
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Abstract
Background & Aims: Pretreatment identification of patients likely to achieve
a sustained virological response (SVR) with peginterferon alfa-2a/ribavirin
would be useful for individualizing treatment choices. The aim of this analy-
sis was to devise a simple scoring system to identify patients with high proba-
bility of achieving an SVR with peginterferon alfa-2a/ribavirin. Methods:
Using data from 2109 Caucasian treatment-naive hepatitis C virus (HCV)
genotype 1 mono-infected patients from the PROPHESYS cohorts, the rela-
tionship between favourable baseline characteristics and SVR was explored
using generalized additive model analysis, and a scoring system was devised
to predict SVR. Results: Points were assigned for: age (years) (≤35: 2; >35,
≤45: 1; >45: 0); body mass index (kg/m2) (≤20: 2; >20, ≤22: 1; >22: 0); HCV
RNA (IU/ml) (≤100 000: 3; >100 000–400 000: 2; >400 000–800 000: 1;
>800 000: 0); platelets (>150 9109/l: 1; ≤150 9109/l: 0); alanine aminotrans-
ferase [9upper limit of normal (ULN)] (>3: 1; ≤3: 0); serum aspartate ami-
notransferase (9ULN) (≤1: 1; >1: 0). 1029, 698 and 382 patients had scores
of 0–2, 3–4 and ≥5, respectively, among whom SVR rates were 35.0, 54.9 and
76.7%. SVR in patients with scores ≥5 and undetectable HCV RNA by week
4 was 86.7%. The score was tested against two databases of patients who
received peginterferon alfa-2a/ribavirin in other clinical trials; similar high
SVR rates in patients with scores ≥5 were reported. Conclusions: The scoring
system can reliably identify treatment-naive HCV genotype 1 mono-infected
Caucasian patients who have a high probability of achieving an SVR with pe-
ginterferon alfa-2a/ribavirin and will be particularly useful where protease
inhibitors are not readily available.

Treatment with a hepatitis C virus (HCV) protease
inhibitor (PI) plus peginterferon alfa/ribavirin produces
higher sustained virological response (SVR) rates among
genotype 1-infected treatment-naive patients than dual

peginterferon alfa/ribavirin therapy (1, 2). However, PI-
based triple therapy increases the adverse event burden
compared with dual therapy (3, 4). PIs also predispose
patients to many potential drug interactions, which
increases the complexity of treatment. PI-based triple
therapy is recommended for genotype 1-infected
patients in the US (3). In contrast, treatment
recommendations are nuanced in several European (5,
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6) and Asian countries (7), where dual therapy remains
an acceptable treatment option for genotype 1
patients with undetectable HCV RNA at week 4 of dual
therapy.

Patients with HCV genotype 1 infection with unde-
tectable HCV RNA at week 4 of treatment with pegin-
terferon alfa-2a (40kD)/ribavirin achieve SVR rates of
88% compared with overall SVR rates up to 75% among
patients treated with PI-based triple therapy (1, 2, 8). It
must be noted that SVR rates are considerably lower in
non-rapid virological response (RVR) patients treated
with dual therapy, that treatment duration is generally
shorter in patients receiving PI-based triple combina-
tion regimens, and that easier-to-treat patients (i.e.,
those with an IL28B CC genotype) have been shown to
achieve SVR rates of 100% with telaprevir plus peginter-
feron alfa-2a (40kD)/ribavirin (9). Nevertheless, there is
a subset of patients that achieve high SVR rates when
treated with dual therapy.

If patients likely to achieve an SVR with dual therapy
could be reliably identified on the basis of pretreatment
characteristics, PIs could be reserved for the most diffi-
cult-to-treat patients, and the overall adverse event bur-
den could be reduced. The database from the large
PROPHESYS cohorts, which includes data from more
than 4500 treatment-naive genotype 1-infected patients
(10), provides the opportunity to explore the feasibility
of a simple scoring system to identify patients most
likely to achieve an SVR with peginterferon alfa/ribavi-
rin.

The objective of this analysis was to devise a simple
scoring system using a few readily obtainable, minimally
invasive baseline factors that would identify patients
with a high probability of achieving an SVR after treat-
ment with standard doses of peginterferon alfa-2a
(40kD) (PEGASYS�; Roche, Basel, Switzerland) plus
ribavirin.

Methods

Patients included in this analysis were enrolled in the
prospective international non-interventional PROPHE-
SYS cohorts (see Supporting Information).

This analysis was restricted to treatment-naive
Caucasian patients with HCV genotype 1 mono-infec-
tion who were enrolled outside the USA and prescribed
peginterferon alfa-2a (40kD) 180 lg/week plus ribavirin
1000/1200 mg/day for an intended duration of
48 weeks. Only patients with complete records for key
baseline characteristics were included. Patients were
excluded if they had an end-of-treatment response, no
HCV RNA test result showing relapse, and missed an
HCV RNA test ≥140 days after end of treatment for
reasons unrelated to safety or efficacy.

Treatment success (SVR) was defined as serum HCV
RNA <50 IU/ml at or after the end of the 24-week
untreated follow-up period. RVR was defined as HCV
RNA <50 IU/ml by week 4.

A unique scoring system, the dual therapy response
predictor (DTRP) score, was devised through a four-
step process. As a first step, baseline patient character-
istics and disease-related factors that were included in
the scoring system were identified by multiple logistic
regression (MLR) analysis, with SVR as the dependent
variable. First, a univariate logistic regression analysis
was done in which factors associated with SVR with a
P-value of <0.25 were selected for consideration in
the MLR analysis. Next, the MLR analysis was done
using a backward elimination process; only factors
with a significance level of 0.05 remained in the
model. Finally, the remaining predictors were
included in the final model only if the factors were
selected in more than 50% of 500 backwards selection
runs using bootstrap samples of the analysis popula-
tion. Factors considered in the analysis were age,
weight, body mass index (BMI), serum HCV RNA
level, gender, liver fibrosis, mode of infection, hepatic
steatosis, serum alanine aminotransferase (ALT) ratio,
serum aspartate aminotransferase (AST) ratio and
platelet count.

Step 2 involved generalized additive models (GAM)
using non-parametric smoothing splines. These were
applied to explore the structure of the relationship
between each of the continuous variables identified in
the MLR analysis and SVR. Furthermore, the values of
each factor were grouped by deciles and plots of the
empirical probabilities for the midpoints of the deciles
were included in the graphics.

In step 3, the thresholds used in the DTRP score were
determined. If the probability of achieving an SVR, as
presented graphically in step 2, was above 0.5, 0.6 and
0.7 for a given patient value of a factor, then 1, 2 or 3
points, respectively, were assigned to the value. The
actual cut-offs were then refined by selecting round
values to ensure ease of use.

If in the MLR analysis categorical variables (e.g., gen-
der) had been selected, the SVR rates for each category
would have been used to assign 1, 2 or 3 points in accor-
dance with the approach for continuous variables.

Finally, in step 4, the DTRP score assigned to a given
patient comprised the sum of all points for the selected
predictors.

The DTRP score was validated by comparing the
results with those from two cohorts of Caucasian, treat-
ment-naive HCV genotype 1 mono-infected patients
who received treatment with standard doses of peginter-
feron alfa-2a (40kD)/ribavirin. Patients in one cohort
(validation set 1) had received treatment for a fixed
duration of 48 weeks in four randomized international
clinical trials (11–14). Patients in the second cohort
(validation set 2) were HCV genotype 1-infected
patients who had been treated for 24, 48 or 72 weeks in
a multicentre randomized controlled trial of response-
guided therapy in Austria (15, 16). IL28B genotype data
were available for a subset of patients in validation set 2
(17).
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The positive predictive value (PPV) of an RVR for
SVR, defined as the probability that a patient with an
RVR will achieve an SVR, was calculated for DTRP score
categories. The Cochran–Armitage test was used, as
indicated, to assess whether a higher DTRP score was
associated with a higher virological response rate. All
statistical tests were considered exploratory.

Results

A total of 7163 treatment-naive HCV mono-infected
patients were enrolled in PROPHESYS, of whom 2109
HCV genotype 1 mono-infected patients met the selec-
tion criteria and were included in the analysis (Fig. S1).
All patients were Caucasian, 50.7% were male, the mean
age was 47.0 years, the mean BMI was 25.7 kg/m2, the
mean serum HCV RNA level was 6.0 log10 IU/ml and
35.6% of patients who had a pretreatment liver fibrosis
assessment with a valid result were diagnosed with
bridging fibrosis or cirrhosis (Table 1).

Step 1. MLR analysis to identify predictive factors

Predictive factors retained in the final MLR model for
SVR were age, BMI, serum HCV RNA level, hepatic
fibrosis, ALT ratio, AST ratio and platelet count. Factors
retained in the final MLR model were used to construct

the DTRP score. Liver histology (hepatic fibrosis) was
the only factor that was not included in the score. This
decision was taken so as not to impose a requirement
for a pretreatment biopsy.

Steps 2 and 3. Graphic analysis and selection of cut-offs

The graphic displays of the GAM analysis for the six
factors that comprise the DTRP score are shown in
Fig. 1 and the scoring system and cut-offs that were
arrived at with the aid of these graphic displays are
shown in Table 2.

Step 4. Derivation of patient scores

To derive the total score for a given patient, the individ-
ual’s baseline characteristics are assigned points as
shown in Table 2 and the sum is calculated. The total
score ranges from 0 to 10 for a given patient and higher
scores are associated with a higher chance of treatment
success.

The distribution of DTRP scores in the 2109 patients
included in this analysis is shown in Fig. 2. The median
score was 3 (interquartile range: 1–4). Values for base-
line characteristics included in the DTRP score are
shown in Table 3. As expected, SVR rates for each pre-
dictor were related to the score for that predictor, with
higher scores being associated with higher rates of SVR
(Table 4).

In the 1609 patients with invasive or non-invasive
fibrosis data, the percentage of patients with bridging
fibrosis or cirrhosis and baseline DTRP score of 0, 1, 2,
3, 4 and ≥5 were 69.8% (44/63), 46.7% (148/317),
34.3% (132/385), 33.2% (99/298), 33.3% (83/249) and
22.6% (67/297) respectively.

Virological response according to DTRP score

Sustained virological response rates increased with
DTRP score and were 35.0, 54.9 and 76.7%, respectively,
in patients with scores of 0–2, 3–4 and ≥5 points (Coch-
ran–Armitage test, P < 0.0001). The PPV of baseline
DTRP score for SVR is shown in Fig. S2). The trend
towards higher SVR rates with increasing DTRP score
remained intact when patients were grouped according
to the extent of hepatic fibrosis; however, within each
DTRP category SVR rates were consistently 10–13%
higher in patients without bridging fibrosis/cirrhosis
than in patients with bridging fibrosis/cirrhosis
(Fig. S3). The difference in SVR rates between females
and males within each category was <2% (data not
shown).

Rapid virological response rates also increased with
DTRP score and were 12.7, 27.2 and 55.2% in patients
with scores of 0–2, 3–4 and ≥5 points (Cochran–Armit-
age test, P < 0.0001; Fig. 3). In contrast with the large
between-group differences in overall SVR rates in the
three categories, SVR rates among patients who

Table 1. Baseline characteristics of patients with complete records
included in the analysis

Characteristic All patients (N = 2109)

Male, n (%) 1069 (50.7)
Mean age ± SD, years 47.0 ± 11.8
Mean body weight ± SD, kg 73.7 ± 14.7
Mean body mass index ± SD, kg/m2 25.7 ± 4.2
Mean ALT ratio ± SD† 2.3 ± 1.9
Mean AST ratio ± SD‡ 1.8 ± 1.5
Mean platelet count ± SD, 9109/l 214.2 ± 69.2
Platelet count 9109/l, n (%)
≥150 1736 (82.3)
<150 373 (17.7)

Method used to assess hepatic fibrosis, n (%)
Biopsy 1321 (62.6)
Non-invasive test 290 (13.8)
Not assessed 498 (23.6)

Patients with bridging fibrosis or
cirrhosis, n/N (%*)

573/1609 (35.6)

Mean HCV RNA level ± SD, 9106 IU/ml 3.1 ± 5.1
HCV RNA level (IU/ml), n (%)
≤400 000 525 (24.9)
>400 000–800 000 250 (11.9)
>800 000 1334 (63.3)

*Only patients with a valid result from a fibrosis assessment by biopsy

or by a non-invasive method were included in the calculation.

†ALT ratio = patient’s ALT value divided by ULN for the local laboratory.

‡AST ratio = patient’s AST value divided by ULN for the local laboratory.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; SD,

standard deviation; ULN, upper limit of normal.
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achieved an RVR were much more similar, and were
almost identical in patients with a score of 3–4 and ≥5
points (Fig. 3). The PPV (95% CI) of an RVR for SVR
for patients with scores of 0–2, 3–4 and ≥5 points was
74.8% (66.5%, 82.0%), 86.8% (81.2%, 91.3%) and
86.7% (81.4%, 91.0%) respectively. The trend towards
higher SVR rates in patients with higher DTRP scores
was also apparent in patients who did not achieve an
RVR, although SVR rates were considerably lower in
these individuals (28.5, 42.2 and 62.7% in patients with

DTRP scores of 0–2, 3–4 and ≥5 points respectively;
Fig. 3).

Sustained virological response rates for patients with
DTRP scores of 0–2, 3–4 and ≥5 points in the PROPHE-
SYS (training) and at non-US study sites of validation
set 1 were very similar (Fig. 4). When the DTRP scoring
system was applied to Caucasian treatment-naive, geno-
type 1 mono-infected patients enrolled at US study sites
in the four studies in validation set 1 (N = 252),
the trend in SVR rates was also similar, although the
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Fig. 1. Relationship between predictors included in the dual therapy response predictor (DTRP) scoring system and sustained virological
response (SVR). (A) Age; (B) body mass index; (C) hepatitis C virus RNA; (D) platelets; (E) ALT/ULN*; (F) AST/ULN*. Short vertical lines indicate
SVR (1.0) and no SVR (0.0). Open circles represent probability of SVR according to the GAM analysis. Closed black circles represent empirical
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absolute SVR rates were somewhat lower: 30.1% (49/
163), 50.0% (37/74) and 73.3% (11/15), respectively, in
patients with scores of 0–2, 3–4 and ≥5 points. Similarly
SVR rates in Austrian patients with genotype 1 infection
(validation set 2, N = 394) were 40.5% (68/168), 67.8%
(101/149) and 80.5% (62/77) in individuals with DTRP

scores of 0–2, 3–4 and ≥5, respectively (Fig. 4). Among
the subset with a known IL28B genotype, SVR rates were
consistently higher in patients with a CC than a non-CC
genotype; however, SVR rates were similar in those with
scores of 3–4 and ≥5 points both among individuals
with a CC genotype (�85%) and those with a non-CC
genotype (�65%) (Fig. S4).

Discussion

This analysis suggests that it is possible to identify
Caucasian patients with HCV genotype 1 infection who
have a high probability of achieving an SVR with dual
peginterferon alfa-2a/ribavirin therapy using a simple,
inexpensive and easy-to-calculate score. The score uses
readily available demographic (BMI, age) and labora-
tory data (ALT, AST, platelet count and HCV RNA
level). The score could be easily incorporated into rou-
tine patient encounters, either as a simple paper-based
form or as a component of an electronic medical record.
The score does not include certain well established pre-
dictors of response such as liver fibrosis, host IL28B
genotype or RVR status. Exclusion of these factors from
the DTRP score does not imply that they should be
ignored if available. Rather the DTRP score is one of
several important tools that can be used to inform treat-
ment decisions in patients with chronic hepatitis C. For
example, the combination of a DTRP of 3 or more and
an RVR in a patient who has received 4 weeks of dual
therapy can be used to identify patients likely to achieve
an SVR rate of approximately 85%. Furthermore, the
presence of advanced fibrosis is an important indicator
of an immediate need for anti-HCV therapy; thus the
DTRP can be complemented by other information such
as invasive or non-invasive fibrosis assessments when
available.

Table 2. DTRP scoring system

Predictor Score

Age, years
≤35 2
>35 but ≤45 1
>45 0

BMI, kg/m2

≤20 2
>20 but ≤22 1
>22 0

HCV RNA, IU/ml
≤100 000 3
>100 000 but ≤400 000 2
>400 000 but ≤800 000 1
>800 000 0

Platelet count 9109/l
>150 1
≤150 0

ALT/ULN*
>3 1
≤3 0

AST/ULN*
≤1 1
>1 0

*ALT ratio and AST ratio = patient’s ALT and AST value, respectively,

divided by the ULN for the local laboratory.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,

body mass index; DTRP, dual therapy response predictor; HCV, hepatitis

C virus; ULN, upper limit of normal.
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Liver fibrosis was associated with treatment outcomes
in the MLR analysis; however, the results of a liver
biopsy were excluded from the score because it is inva-
sive, and not acceptable to many patients. The use of the
score does not preclude non-invasive assessment of
fibrosis (or biopsy for that matter), which provides use-
ful information (18). Indeed, it is prudent to assess liver

fibrosis prior to initiating therapy, and reasonable to
assume that the presence of advanced fibrosis will
reduce the chance of achieving an SVR even in patients
with a high DTRP score.

Individual patient DTRP scores ranged from 0 to 10,
with higher scores indicating a higher probability of
treatment success. SVR rates in patients with scores ≥5

Table 3. Baseline characteristics included in the score for the training and validation sets

Parameter
Training set
(from PROPHESYS) (N = 2109)

Validation set 1
(non-US) (N = 720)

Validation set 2
(Austria) (N = 394)

Age, years 47.0 (11.8)
[48, 18–83]

43.0 (10.2)
[44, 19–74]

44.8 (10.7)
[46, 18–67]

BMI, kg/m2 25.7 (4.2)
[25.1, 15–56]

27.0 (4.9)
[26.5, 17–64]

25.6 (4.0)
[25.3, 18–41]

HCV RNA, 9106 IU/ml 3.12 (5.08)
[1.39, <0.1–77.0]

3.30 (4.57)
[1.84, <0.1–35.0]

1.83 (3.68)
[0.71, <0.1–38.9]

Platelets, 9109/l 214 (69)
[211, 39–609]

222 (63)
[217, 82–528]

221 (61)
[218, 63–438]

ALT/ULN* 2.27 (1.86)
[1.69, 0.2–16.4]

2.62 (2.24)
[1.95, 0.4–17.1]

2.17 (1.69)
[1.66; 0.4–12.9]

AST/ULN* 1.83 (1.47)
[1.37, 0.2–18.1]

1.62 (1.25)
[1.24, 0.4–12.5]

1.85 (1.61)
[1.43; 0.5–24.4]

*ALT ratio and AST ratio = patient’s ALT and AST values, respectively, divided by the ULN for the local laboratory. The upper limit of normal for

patients from Austria were 45 IU/l for ALT and 35 IU/l for AST.

Values are expressed as mean (SD) or [median, min–max].

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HCV, hepatitis C virus; SD, standard deviation; ULN, upper

limit of normal.

Table 4. SVR rate by categorized predictors included in the DTRP scoring system

Predictor Score
Training set
SVR % (95% CI)

Validation set 1 (non-US)
SVR % (95% CI)

Validation set 2 (Austria)
SVR % (95% CI)

Age, years
≤35 2 69.9 (64.9, 74.5) 69.1 (61.7, 75.9) 79.2 (68.0, 87.8)
>35 but ≤45 1 50.8 (46.2, 55.4) 50.8 (44.3, 57.3) 61.2 (51.7, 70.1)
>45 0 42.3 (39.6, 45.1) 38.7 (33.2, 44.4) 50.0 (43.0, 57.0)

BMI, kg/m2

≤20 2 63.6 (54.2, 72.2) 65.5 (45.7, 82.1) 85.2 (66.3, 95.8)
>20 but ≤22 1 59.2 (52.5, 65.7) 59.7 (47.5, 71.1) 68.1 (52.9, 80.9)
>22 0 46.9 (44.5, 49.2) 48.3 (44.3, 52.3) 55.0 (49.4, 60.5)

HCV RNA, IU/ml
≤100 000 3 77.5 (71.5, 82.8) 83.7 (70.3, 92.7) 81.3 (63.6, 92.8)
>100 000 but ≤400 000 2 59.4 (53.6, 65.0) 63.7 (53.6, 73.0) 71.1 (59.5, 80.9)
>400 000 but ≤800 000 1 51.6 (45.2, 57.9) 52.4 (41.1, 63.6) 56.1 (45.7, 66.1)
>800 000 0 41.5 (38.9, 44.2) 43.5 (39.1, 48.1) 51.1 (43.7, 58.4)

Platelet count, 9109/l
>150 1 53.1 (50.7, 55.5) 52.0 (48.1, 56.0) 60.7 (55.4, 65.9)
≤150 0 30.6 (25.9, 35.5) 35.4 (25.1, 46.7) 42.2 (27.7, 57.8)

ALT/ULN*
>3 1 52.7 (48.0, 57.3) 58.1 (50.8, 65.2) 64.7 (52.2, 75.9)
≤3 0 48.1 (45.7, 50.6) 47.3 (42.9, 51.6) 57.4 (51.8, 62.8)

AST/ULN*
≤1 1 55.6 (51.7, 59.5) 52.4 (46.0, 58.8) 65.1 (54.1, 75.1)
>1 0 46.3 (43.7, 48.9) 48.9 (44.3, 53.6) 56.8 (51.1, 62.4)

*ALT ratio and AST ratio = patient’s ALT and AST value, respectively, divided by ULN for the local laboratory.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; HCV, hepatitis C virus; ULN, upper

limit of normal.
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were 76.7% in the PROPHESYS (training) dataset,
76.8% in validation set 1 and 80.5% in validation set 2.
These results are in remarkably close agreement, espe-
cially when one considers that PROPHESYS was a large
and diverse cohort study and the validation data were

taken from large randomized controlled trials that were
conducted over a period of approximately one decade
(11–16).

The results of the present study cannot be directly
compared with the results of phase III trials with
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telaprevir or boceprevir. In a phase III study with boce-
previr, in which treatment-naive genotype 1 patients
received a 4-week lead-in with dual therapy, only 66/938
(7%) of patients had undetectable HCV RNA after
4 weeks (1). This is in contrast with many European
and Asian randomized controlled studies with dual
therapy showing RVR rates between 25 and 65% (19).
Among patients with undetectable HCV RNA at week 4
who received 48 weeks of dual peginterferon alfa/ribavi-
rin therapy, the SVR rate was 97%, which was similar
to the 90% SVR rate in patients who were HCV RNA-
negative at week 4 and subsequently received bocepre-
vir-based triple combination therapy (1).

As noted above, the overall SVR rate was 77% among
patients of the training set with a score of ≥5 points and,
among patients with a score of ≥5 points who achieved
an RVR, the SVR rate was 87%. This suggests that there
is a subset of genotype 1 patients (16–20% in the three
analysis sets had DTRP scores ≥5) that could be identi-
fied for whom dual peginterferon alfa-2a (40kD)/ribavi-
rin therapy can achieve a comparatively high SVR rate.

The DTRP score may be particularly useful in prac-
tice settings in which PIs are accessible only to a small
proportion of patients; for example, in countries that
have universal health coverage but lack the financial
resources to pay for expensive treatments, or in coun-
tries that lack universal healthcare, in which only indi-
viduals with sufficient financial resources will have
access to PIs (20). In these settings peginterferon alfa/
ribavirin will continue to be used as a first-line treat-
ment and PIs are likely to be used selectively. A recent
study shows how RVR can be used to identify patients
that will not benefit from the addition of a PI (21). This
study recruited non-cirrhotic genotype 1-infected
patients with a baseline HCV RNA level <600 000 IU/
ml and randomized those who achieved an RVR to
complete an additional 20 weeks of dual therapy or an
additional 24 weeks of boceprevir-based triple therapy;
SVR rates were similar in the two groups (88% vs. 90%,
respectively) (21).

In resource-limited settings, the DTRP score could be
incorporated into treatment algorithms for genotype 1
patients. All patients would receive 4 weeks of dual pe-
ginterferon alfa/ribavirin therapy after which the choice
of therapy would be based on the DTRP score and the
virological response. Patients with low DTRP scores
(0–2) would be likely to have advanced disease; this is a
group that has poor tolerability for triple therapy (22)
and is therefore not the best candidate for triple therapy.
Should such patients not achieve a >1-log drop in HCV
RNA after a 4-week lead-in phase, consideration should
be given to stopping treatment and waiting for more
effective regimens. Such a strategy presumes that the
patient understands the risks and benefits of delaying
treatment (informed deferral) and that waiting does not
put them at risk of hepatic decompensation (23).

In contrast, patients who have high DTRP scores
(≥5) and who achieve an RVR at the end of the 4-week

lead-in phase with peginterferon alfa/ribavirin could be
good candidates to continue with dual therapy because
our analysis shows that 87% of such patients achieved
an SVR. Treatment can even be shortened in such
patients to 24 weeks (15). In comparison, the SVR rate
was 82% in non-black genotype 1 patients who had at
least a 1-log10 reduction in HCV RNA at the end of the
4-week lead-in phase and who then completed up to
44 weeks of treatment with boceprevir-based triple ther-
apy in a phase III clinical trial (1).

Management of patients with intermediate scores
(score 3–4) depends on the circumstances. If cost is not
an issue, triple therapy is likely the best option; other-
wise, dual therapy can be an option. Whichever therapy
is used, clinicians should adhere to the standard stop-
ping rules, which in the case of dual therapy is less than
a 2-log drop in HCV RNA at week 12.

Using the DTRP score to identify patients likely to
respond to dual therapy would avoid the toxicity and
potential for drug interactions associated with PIs and
would prevent the selection of PI-resistant variants in
patients who do not achieve an SVR, the clinical signifi-
cance of which is unknown. Using dual therapy rather
than triple therapy in some patients may also reduce
costs. For example, a cost-effectiveness analysis showed
that drug-related costs per SVR are 12–30% lower when
all patients start dual peginterferon alfa/ribavirin therapy
and switch to PI-based triple therapy only if they achieve
at least a 1-log10 drop in HCV RNA by week 4 (24).

Strengths of the DTRP score include ease of use, the
lack of necessity for a liver biopsy and the fact that it
was derived from a real-world cohort study, rather than
a homogenous group of patients enrolled in a random-
ized clinical trial. The score is easy to calculate because
it requires routine clinical data that are usually available
when physicians are discussing treatment options with a
given patient. The tool does not require IL28B genotype
testing, which is unlikely to be readily accessible in
resource limited settings. At present, the score can only
be applied to treatment-naive genotype 1-infected Cau-
casian patients. The DTRP score was developed using
data from non-US patients; thus, the utility in US-based
patients remains to be established. The reason for the
exclusion of US-based patients from the modelling exer-
cise is that SVR rates are generally markedly different in
US-based patients than in patients who reside in other
countries.

This analysis has certain limitations because of the
retrospective nature of the analysis and because the data
are drawn from a cohort study. It is important to high-
light that, although SVR rates are high in the highest
DTRP category, patients included in the current explor-
atory analysis received dual therapy with an intended
treatment duration of 48 weeks, which contrasts with
the shorter durations of therapy that are recommended
for patients who achieve an RVR with dual or PI-based
triple therapy. Other limitations include the use of data
only from Caucasian patients and the lack of informa-
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tion on host genetics. Genetic differences are a likely
cause of the lower SVR rates in US-based patients. Host
IL28B genotype is the most important pretreatment fac-
tor in determining response to interferon-based therapy
(25). Host genotype was not determined in the PROPH-
ESYS cohorts or included in the DTRP score because its
impact on treatment outcome was not discovered until
after the trial was initiated (26). However, the percent-
age of patients with an IL28B CC genotype in validation
cohort 2 did not differ greatly across the DTRP catego-
ries, which suggests that the score contains predictors
that are not surrogates for IL28B genotype. Patients with
a CC genotype are more likely to achieve an RVR;
however, the presence of a non-CC genotype does not
preclude achievement of an RVR or an SVR with pegin-
terferon alfa/ribavirin (26). The results in validation
cohort 2 suggest that, when IL28B genotype is available,
the score might be most useful in individuals with a
score of 0–2, among whom there was a large difference
(47%) between SVR rates in those with CC and non-CC
genotypes. In comparison the difference in SVR rates
between CC and non-CC patients was much smaller in
those with scores of 3–4 (21%) or ≥5 (17%). RVR is a
better predictor of SVR than IL28B genotype (27). Esti-
mates of SVR rates in this retrospective analysis can only
be indirectly compared with those obtained with
PI-based triple therapy in randomized trials because of
the inherent limitations of cross-study comparisons. It
is only possible to put the results in perspective and it is
not possible to draw definitive conclusions.

In conclusion, the DTRP score is a simple measure
that uses readily available baseline characteristics with-
out requiring a liver biopsy, and can be used to identify
treatment-naive genotype 1-mono-infected Caucasian
patients who have a high probability of achieving an
SVR with dual peginterferon alfa-2a (40kD)/ribavirin
therapy. The score should be validated in a prospective
study and tested and adapted for use in non-Caucasian
populations. This scoring system will be particularly
useful in practice settings where PIs are not readily
available. In addition, the DTRP score can be used to
inform treatment decisions in the light of the efficacy
and safety profile of these new therapies.
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Supporting information

Additional Supporting Information may be found in the
online version of this article:

Fig. S1. Selection of patients for this analysis. Reasons
for premature withdrawal are shown for patients
included in the analysis.

Fig. S2. Positive predictive value (95% confidence
interval) of DTRP score for SVR.

Fig. S3. SVR rates in patients with a DTRP score of
0–2, 3–4 and ≥5 points according to the extent of hepa-
tic fibrosis at baseline. Only patients who had previously
undergone an invasive or non-invasive fibrosis assess-
ment were included.

Fig. S4. SVR rates in patients with a DTRP score of
0–2, 3–4 and ≥5 points according to host IL28B geno-
type in a subset of patients in validation dataset 2, which
contains data from treatment-naive genotype 1 mono-
infected Austrian patients who received response-guided
therapy for 24, 48 or 72 weeks with standard doses of
peginterferon alfa-2a (40kD)/ribavirin.
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