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Abstract

AIM: To evaluate the safety of adding ketoprofen
to pegylated-interferon (PEG-IFN) with or without
ribavirin and the effect on viral kinetics, STAT1 activity
and expression of 2’-5’-oligoadenylate synthetase
(2'-5'0AS) in genotype 1 chronic hepatitis C in a
phase 1 study.

METHODS: Forty-five patients were studied: fifteen were
randomized to PEG-IFN plus ribavirin (PR), 16 to PEG-
IFN plus ketoprofen and 14 to PR and ketoprofen. The

molecular study of IFN-dependent signal transduction
was conducted in 9 patients from each group.

RESULTS: The combination of ketoprofen and PEG-
IFN with or without ribavirin was safe and well toler-
ated. An early activation of STAT1 was observed in ke-
toprofen-treated patients, but this activation was less
sustained over time. Conversely, ketoprofen plus PEG-
IFN and ribavirin induced an early and sustained in-
crease of 2-5'0AS transcription starting 24 h after the
first dose until the 36th wk. These data are consistent
with the clinical results, showing a better sustained vi-
rological response and a lower relapse rate in patients
receiving ketoprofen plus PEG-IFN and ribavirin.

CONCLUSION: The addition of ketoprofen to the
standard therapy of chronic hepatitis C should be ex-
plored in larger randomized clinical studies.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The treatment of chronic hepatitis C virus (HCV) infec-
tion has dramatically improved over the last 20 years.
Interferon oo (IFN@) was one of the first agents used
to treat this infection, but its efficacy in terms of sus-
tained virological response (SVR, i.e. sustained absence
of HCV from serum up to 6 mo after stopping therapy)
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was extremely poorm. Strategies to overcome this limita-
tion have included increasing the duration of therapy
or adding ribavirin (an antiviral drug) to the treatment
regimen”, The introduction of a “pegylated” prepara-
tion substantially incteased the antiviral activity of IFNa.
Today, pegylated-interferon (PEG-IFN) in combina-
tion with ribavirin is the standard treatment for patients
with chronic hepatitis c*, Large international controlled
clinical trials have demonstrated that this combination
therapy yields SVR rates in 54%-63% of treated HCV-in-
fected patientsfsj]. However, patients infected with HCV
genotype 1 are particularly resistant to antiviral treatment,
as demonstrated by the lower SVR rates observed in this
patient subset, ranging from 42% to 52%"7. Thus, a sub-
stantial proportion of patients remain unresponsive to
antiviral treatment.

IFN signaling pathways are activated by binding of
IFN to its specific receptor, which induces autophos-
phorylation of protein tyrosine kinases Tyk-2 and Jak-1
on tyrosine residues, thus activating signal transducer and
activator of transcription (STAT1 and STAT?2) proteins.
Activated STATS translocate to the nucleus whete they
activate the transcription of IFN-inducible genes, such
as 2’-5’-oligoadenylate synthetase (2-5°0AS)". Non-
steroidal antiinflaimmatory drugs (NSAIDs) have been
demonstrated to amplify the IFN signaling pathways and
to enhance the anti-viral effect of IFN""". Furthermore,
it has recently been found that acetylsalicylic acid sup-
presses HCV expression in a hepatoma cell line contain-
ing HCV subgenomic replicon[1 ’| However, clinical stud-
ies evaluating the use of NSAIDs in combination with
standard IFNq in patients with chronic HCV infection

1620 although results with
[17-21]

have given conflicting results'
ketoprofen have generally been encouraging

A rational approach to combination therapies for
patients with chronic HCV infection demands a detailed
knowledge of how the different drugs affect viral kinetics
and IFN intracellular signaling. Therefore, we conducted
a pilot phase II study to evaluate the effect of ketoprofen
plus PEG-IFN with or without ribavirin compared with
PEG-IFN plus ribavirin (PR) on viral kinetics, STAT1
activity and expression of the IFN-dependent gene 2’-5’
OAS in patients with chronic hepatitis C. We also assessed
the safety and tolerability of these treatment schedules. In
order to minimize the influence of HCV viral variability
on our results, only patients infected with HCV genotype
1 were included.

MATERIALS AND METHODS

Patients

Treatment-naive patients aged 18 to 65 years with chro-
nic HCV infection genotype 1la or 1b were eligible for
enrollment if they had: elevated alanine aminotransfera-
se (ALT) levels within the previous 6 mo, a positive test
for serum HCV-RNA and a liver biopsy specimen con-
sistent with chronic hepatitis C obtained in the previous
12 mo. Patients were excluded if they had neutropenia
(neutrophil count < 1.5 X 10’ cells/L), thrombocytopenia
(platelet count < 70 X 10 cells/L), anemia (hemoglobin

level < 12.0 g/dL in women and < 13.0 g/dL in men) or
a medical condition that would be clinically worsened by
anemia, serum creatinine levels more than 1.5 times the
upper limit of normal, evidence of liver disease due to
causes other than chronic HCV infection, human immu-
nodeficiency virus positivity, esophageal varices, decom-
pensated liver disease, organ transplant, severe or poortly
controlled psychiatric disease (especially depression), ma-
lighant neoplastic disease, severe cardiac or chronic pul-
monary disease, history of peptic disease, autoimmune
disease (except controlled thyroid disease), seizure disor-
der, alcohol or drug dependency within 1 year of study
entry, clinically significant comorbid conditions; and, if
female, pregnancy or unwilling to use contraception.

Study design

This was an open-label, randomized, phase II, pilot study.
Patients eligible for the study were randomized into three
groups: (1) PR group: patients received subcutaneous
PEG-IFN@2a 180 pg/wk plus oral ribavirin 800 mg/d for
48 wk; (2) PEG-IFN plus ketoprofen (PK) group: patients
received subcutaneous PEG-IFNg2a 180 pg/wk for
48 wk plus oral ketoprofen 200 mg twice daily for the first
4 wk and then 200 mg/d for the next 20 wk; (3) PEG-
IFN plus ribavirin and ketoprofen (PRK) group: patients
received subcutaneous PEG-IFN@2a 180 ;,Lg/ wk plus oral
tibavirin 800 mg/d for 48 wk plus oral ketoprofen 200 mg
twice daily for the first 4 wk and then 200 mg/d for the
next 20 wk.

After 24 wk, treatment was withdrawn in patients
who did not experience a decrease from baseline in viral
load of = 2 logio IU/mL or a negative qualitative serum
HCV-RNA. A safety assessment was conducted in these
patients between 4 and 8 wk after their last dose of
study drug;

After the 48-wk study there was a 24-wk treatment-
free follow-up period. Virological response was defined as
a negative test for qualitative serum HCV-RNA. An end
of treatment response (ETR) was defined as undetectable
levels of HCV-RNA at the end of treatment (week 48)
and SVR was defined as undetectable levels of HCV-RNA
at the end of follow-up (24 wk after treatment cessation).
Relapsers were defined as patients who obtained an ETR,
but relapsed after completion of treatment and tested
HCV-RNA positive at the end of follow-up.

PEG-1FN@2a and ribavirin were kindly supplied by
Roche S.p.A., Monza (MI), Italy and ketoprofen by IBI
(Istituto Biochimico Italiano) S.p.A., Aprilia (LT), Italy. All
subjects gave written informed consent before entering
the study. The study protocol and patient-informed
consent forms were approved by the Institutional Ethics
Committee of Azienda Ospedaliero-Universitaria di
Bologna, Policlinico S.Orsola-Malpighi, Bologna, Italy
(registration number: 58/2002/U) and the study was
conducted according to the ethical guidelines of the
Declaration of Helsinki.

Study procedures
All patients underwent liver biopsy within 12 mo before
entry. Each liver biopsy was scored according to the
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histological activity index proposed by Knodell ez al.
After the screening evaluations, laboratory parameters were
monitored and recorded at regular intervals throughout
the 48-wk study period and a physical examination was
conducted at the end of treatment. Adverse events and
serious adverse events were recorded throughout the study
and up to the end of follow-up period.

Serum samples were collected from each patient
before treatment (on day -1), at baseline (day 0), at 24 and
48 h after the first dose and at 1, 2, 4, 12, 24, 36, 48, 60
and 72 wk after the beginning of treatment. Quantitative
HCV-RNA serum levels were assessed in all samples using
a branched DNA assay (Versant® RNA 3.0 assay; Siemens,
Milano, Italy). Virological response was assessed on weeks
1, 2, 4, 12, 24, 36, 48 and 72 by means of Transcription
Mediated Amplification technique (Versant® HCV-RNA
Qualitative Assay; Siemens, Milano, Italy; low limit of
detection: 6 HCV IU/mL).

RNA extraction and real-time quantitative polymerase
chain reaction (RTQ-PCR)

Peripheral blood mononuclear cells (PBMCs) were col-
lected from patients at 0, 24 and 48 h and at 1, 2, 4 and
36 wk after the beginning of treatment. Total RNA was
extracted from PBMCs using an “RNeasy Protect Mini
Kit” (Qiagen, GmbH, Hilden, Germany). Full length
cDNAs were synthesized from 1 pg total RNA using
the “Thermoscript RT-PCR system” kit (Invitrogen),
according to the manufacturer’s instructions.

Comparative RTQ-PCR was performed with the
“Platinum SYBR Green qPCR SuperMix-UDG” kit
(Invitrogen) and analyzed on Mx3000P apparatus from
Stratagene.

A 0.2 pmol/L concentration of the following ptimers
was used: for 2’-5’0OAS forward 5'-ATTGACAGT
GCTGTTAACATCATCC-3' and reverse 5-GTGAGTT
ATGGAACACGACGAG-3"; for GAPDH forward 5'-G
AAGGTGAAGGTCGGAGTC-3" and reverse 5-GAA
GATGGTGATGGGATTTC-3". RTQ-PCR conditions
used to amplify 2’-5’OAS and GAPDH cDNAs were:
95°C for 5 min, followed by 40 cycles comprising 30 s at
957C, 30 s at 60°C and 1 min at 72°C. In order to check
for DNA contamination, amplification of total RNA be-
fore cDNA synthesis was performed in parallel with am-
plification of the cDNA. Reactions were run in triplicate,
and a mean value of the three samples was calculated.
2’-5’0OAS mRNA levels were expressed as the relative
amount of product adjusted for the level of GAPDH, us-
ing the Mx3000P software (Stratagene) and employing a
comparative Ct (AACt) value method. Dissociation curves
were generated to ensure that a single amplicon had been

produced.

Western blotting

PBMCs wete lysed with Ripa buffer containing 50 mmol/L
Tris (pH 7.5), 100 mmol/L NaCl, 0.1% Nonidet P-40,
1 mmol/L EDTA, 2 mmol/L phenylmethylsulfonyl fluo-
ride, 1 pug/mL aprotinin, 1 pg/ml. of leupeptin and phos-
phatase inhibitors. Protein concentrations were measured

PR group PK group PRK group P-value
(n=15) (n=16) n =14)
Age (yr) 45+12 48+12 42+10 NS
Sex (M/F) 9/6 9/7 9/5 NS
HCV-RNA x 429+578 1261+1073  1555+1322 0.01
10° IU/mL
HCV-RNA > 700 x 4(27) 8 (50) 10 (71) 0.02
10’ TU/mL (%)
ALT (U/L) 82445 85+33 87 +49 NS
Median total HAT' 8 (3-14) 10 (6-13) 8 (3-10) NS
(range)
Median grading 7 (2-11) 9 (5-10) 7 (3-9) NS
(range)
Median fibrosis 1(1-3) 1(1-3) 1 (0-3) NS
(range)

"HAL: Histological activity index according to Knodell et al*”. PR: PEG-
IFNa2a plus ribavirin; PK: PEG-IFNa2a plus ketoprofen; PRK: PEG-
IFNa2a plus ribavirin and ketoprofen; M: Male; F: Female; HCV: Hepatitis
C virus; ALT: Alanine aminotransferase; NS: Not significant.

using a colorimetric assay (Bio-Rad, Hercules, CA, USA).
Equal amounts of proteins were electrophotesed on SDS-
PAGE. Proteins were transferred to PVDF membrane
(Immobilon-PVDE, Millipore) and treated with 1:300 spe-
cific primary antibody anti-STAT1 (Santa Cruz Biotech-
nology, Inc., CA, USA) and its activated form (Biosource).
After incubation with peroxidase-coupled secondary
antibodies (Santa Cruz Biotechnology), the sheets were
visualized by ECL kits (Amersham, GE Healthcare Life
Science, Germany). Antibody anti-actin was purchased
from Santa Cruz Biotechnology.

Statistical analysis

This was a pilot study and therefore no formal sample
size calculation was performed. Data were analyzed on an
intention-to-treat basis. Patients who dropped out of the
trial for any reason were classified as non responders. The
safety population comprised all patients who received at
least one dose of study drugs. XZ test and Mann-Whitney
U test were used to compare quantitative and qualitative
variables between the groups, respectively. Differences in
virological response rates between treatment groups were
analyzed using Fisher’s exact test and/or Yates corrected
chi-square test, as necessary. A P < 0.05 was considered
to be significant. Data analysis was carried out using the
SPSS for Windows version 11.0.1. Plots of the viral load
were carried out using SigmaPlot version 9.0.

RESULTS

Forty-five patients were enrolled: 15 were randomized
to the PR group, 16 to the PK group and 14 to the PRK
group.

The baseline characteristics of the three treatment
groups are reported in Table 1. Patients were comparable
with respect to age, gender, serum ALT levels and histo-
logical features. Overall, 4 out 15 (27%) of PR patients,
3 out 16 of PK (19%) and 2 out of 14 (14%) of PRK
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Quantitative HCV-RNA in the first 6 mo of treatment
(mean values)
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Figure 1 Mean hepatitis C virus (HCV)-RNA levels during the first 24 wk of
treatment in patients with HCV genotype 1 infection receiving PEG-IFNc:2a
plus ribavirin (PR) or PEG-IFNo.2a plus ketoprofen (PK) or PEG-IFNc.2a plus
ribavirin and ketoprofen (PRK).
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Figure 2 Mean reduction from baseline in logio HCV-RNA levels in patients
with HCV genotype 1 infection receiving PR or PK or PRK.

patients had a liver fibrosis score equal to 3. The viral
load was significantly different between the three groups,
being significantly lower in the PR group (P = 0.01).

Viral kinetics and antiviral activity

Mathematical modeling of the decline in HCV-RNA
serum levels revealed a triphasic response in all treatment
groups (Figure 1). The rapid first phase (1-2 d) was similar
in the three groups, although HCV-RNA levels were
consistently higher in the PRK group during this time.
A second, or “shoulder” phase was observed between
2 and 7-14 d, where the decline in HCV-RNA levels was
faster in the PR group compared with both PK and PRK
groups. In particular, the PR group showed a slight
and progressive reduction of viremia over time after
week 1. In the third phase (week 2 onwards), the decrease
in HCV-RNA levels was slowest in the PK group while
it was more rapid in the PRK group. In this latter group,
HCV-RNA levels declined to those observed in the PR
group by study end.

The mean logio reduction from baseline in HCV-RNA
levels over the coutse of the first 12 wk of treatment is
shown in Figure 2. At week 4, the mean logio decrease
from baseline was comparable between the three groups
(-1.95 in the PR group, -2.25 in the PK group and -2.05

PR group PK group PRK group P-value

(n=15) (m=16) (= 14)

Virological response rate

Week 1 0 0 1(7.1) NS

Week 2 1(6.7) 1(6.3) 2 (14.3) NS

Week 4 5(33.3) 2 (12.5) 3(21.4) NS

Week 12 10 (66.7) 7 (43.8) 7 (50) NS

Week 24 11 (73.3) 11 (68.8) 10 (71.4) NS
ETR 11 (73.3) 11 (68.8) 10 (71.4) NS
Relapse rate 4/11 (36.4) 6/11 (54.5) 2/10 (20) NS
SVR 7 (46.7) 5 (31.3) 8(57.1) NS

ETR: End of treatment response; SVR: Sustained virological response.

PR group PK group PRK group P-value

n=9 @Wm=9 @=9)

Age (yr) 42+13  54+9 42+12 0.04
Sex (M/F) 5/4 4/5 5/4 NS
HCV-RNA x 10°TU/mL 263 +232 1032+878 1742+1392  0.01
HCV-RNA > 700 x 1(27) 4 (44) 7 (78) 0.02
10° IU/mL

ALT (U/L) 70 +21 80+27 100 +57 NS
ETR 7 (78) 5 (56) 6 (67) NS
SVR 5 (56) 3(33) 5 (56) NS

in the PRK group). As shown in Table 2, some patients
had undetectable HCV-RNA levels as eatly as 7-14 d after
starting treatment. The PR treatment group displayed
an eatlier virological response when compared with the
other two groups (Table 2).

An ETR was obtained in 11/15 patients (73%) in the
PR group, 11/16 (69%) in the PK group and 10/14 (71%)
in the PRK group. During the treatment-free follow-up
period, the relapse rate was lower in the PRK group than
in both the other two groups, but the differences were not
statistically significant. A SVR was obtained in 7 patients
in the PR group (47%), in 5 in the PK group (31%) and
in 8 in the PRK group (57%). No association was found
between baseline viremia and SVR in any treatment group.
However, in the subgroup of patients with high baseline
viremia (> 700 X 10’ TU/mL), 6/10 (60%) of the PRK
group achieved a SVR compared to a quarter (25%) of
the PR group and 3/8 (37.5%) of the PK group.

Modulation of IFN signaling
The first 9 randomized patients in each group were
enrolled in the molecular study of IFN-dependent signal
transduction. Their chatactetistics are described in Table 3.
A time course analysis of STATT activity over 36 wk
by means of densitometric analysis was performed.
STAT1 activity was consistently up-regulated, as shown by
an increase from baseline in mean STAT1 density as eatly
as 24 h after the first drug administration. Nevertheless,
a difference between the three treatment groups can be
seen in Figure 3. At 24 h, the increase from baseline in
STAT1 density was significantly higher in both ketoprofen-
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Figure 3 Mean percentage increase from baseline in STAT1 protein
density in patients with HCV genotype 1 infection receiving PR or PK or
PRK. Data are presented as the mean (+ SD) percentage increase over basal
activity in STAT1, assessed by densitometric analysis. °P < 0.05.
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Figure 4 2’-5-oligoadenylate synthetase (2’-5’0AS) induction in patients
with HCV genotype 1 infection receiving PR or PK or PRK. Data are
presented as the mean (+ SD) fold increase over basal activity in 2'-5'0AS
mRNA levels, assessed by RTQ-PCR. °P < 0.05.

treated groups as compared with patients of the PR
group. However, in PK patients STAT1 activation not
only peaked earlier, but it also decreased more rapidly,
while in the PRK group a strong STAT1 activation was
still present after 1 wk. In contrast, in PR patients the
activation of STAT1 peaked at 48 h, 24 h later than in
both PK and PRK patients, but was still maintained at
higher levels after 1 wk. A steady state was gained between
2 to 36 wk. Thus, the activation of STAT1 in the presence
of ribavirin was slower and peaked later but was sustained
longer as compared with that observed in the presence of
ketoprofen. No relationship was found between STAT1
and viral load. There was no significant difference in
STAT1 activity between patients with a SVR and non
responders (data not shown).

The analysis of 2’-5’0OAS mRNA levels by RTQ-
PCR (Figure 4) showed that the presence of ketoprofen
increased the transcription rate of this gene, especially
eatly in treatment (24 h after the first dose). The addition
of ketoprofen resulted in an early upregulation of 2’-5’
OAS mRNA level and permitted the maintenance of
this transcript at significantly higher levels in the PRK

PR group  PK group PRK group P-value
(m=15) @ =16) (n=14)
Anemia 8 (53) 7 (44) 11 (79) NS
Neutropenia 9 (60) 7 (44) 10 (71) NS
Arthro-myalgia 4(27) 4 (25) 5 (36) NS
Headache 3 (20) 3(19) 2 (14) NS
Fatigue 5(33) 5(31) 4(29) NS
Flu-like symptoms 4(27) 4 (25) 2 (14) NS
Psychiatric disorders 5(33) 4 (25) 4(29) NS
Gastrointestinal 6 (40) 3 (19) 4(29) NS
disorders
Pruritus 4(27) 1(6) 0 NS
Insomnia 2 (13) 2 (12.5) 2 (14) NS
PR group PK group PRK group
(n = 15) (n=16) (n =14)
Hemoglobin (g/dL)
Baseline 145+13 142+19 149+1.5
Week 12 122+14 125+1.7 122+1.6
Week 24 122+1.6 126 +1.8 11917
Week 48 11.6+14 13.1+1.8 120+1.6
Creatinine (mg/dL)
Baseline 0.97+0.13 0.82+0.22 1.01 +0.07
Week 12 0.87+0.11 0.82+0.16 0.92+0.12
Week 24 0.86 +0.15 0.79 £0.16 0.91+0.15
Week 48 044 +0.15 0.80 +0.17 0.92+0.15

group compared with the PR and PK groups, from the
beginning of treatment until week 36. Finally, 2>-5°OAS
mRNA levels were significantly higher in patients with
a SVR than in non responders at each time point and in
each group (data not shown).

Safety
The type and frequency of adverse events were similar in
the three treatment arms and are summarized in Table 4.
Anemia, defined as hemoglobin level < 12.0 g/dL in
women and < 13.0 g/dL in men, and neutropenia,
defined as neutrophil count < 1000/ mm’ were the most
common side effects. However, only one patient in the
PRK group met the hemoglobin criterion for ribavirin
dose reduction (hemoglobin level < 10 and = 8.5g/dL),
while the dose of PEG-IFN was reduced because of
neutropenia (neutrophil count of < 750 and = 500/mm’)
in one patient each in the PR and in PK group. The latter
developed a pneumonia requiting antibiotic treatment. No
patient experienced renal dysfunction. In particular, in no
case did creatinine serum levels exceed the upper limit of
normal range (1.2 mg/dL) during treatment. Time course
evaluation of hemoglobin and creatinine serum levels
during treatment in the three groups is reported in Table 5.
One patient each in the PR group and the PK group
withdrew prematurely from the study. The patient in
the PR group dropped out after 1 mo because of severe
depression and the patient in the PK group dropped out
after 6 mo because of poor compliance.
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DISCUSSION

The objective of this phase Il study was to assess the
safety of ketoprofen in combination with PEG-IFNq2a
with or without ribavirin in treatment-naive patients
with HCV genotype 1 infection, and the effect of these
regimens on viral kinetics and IFNq, sighaling modulation.
Our results showed that ketoprofen was safe and well
tolerated. In particular, gastrointestinal-related adverse
events were mild and did not lead to dose reduction ot to
premature treatment discontinuation in any patient. Given
the importance of managing the tolerability of HCV
antiviral treatment, our observation that the addition of
ketoprofen to PEG-IFN and ribavitin is as well tolerated
as the standard regimen is reassuring;

The kinetics of viral decay during treatment showed
a triphasic response that was more evident in patients
receiving ketoprofen, independent of the use of ribavirin.
Following the first phase of rapid decline in HCV-RINA
levels, patients receiving ketoprofen showed a pronounced
“shoulder phase” starting 2 to 14 d after initiation of
therapy. It has recently been suggested that the triphasic
decline in HCV-RNA levels occurs only in patients in
whom a majority of hepatocytes are infected before
therapymj. Thus, the higher baseline viremia of both
ketoprofen groups could help to explain the differences
in viral kinetics between the groups receiving ketoprofen
and the PR group. Interestingly, in the third and final
phase, the HCV-RNA levels were lower in the two groups
receiving tibavitin than in the PK group. This enhanced
response to treatment in ribavitin recipients supports the
hypothesis that ribavirin not only improves the anti-HCV
immune response, but also had a mutagenic effect against
HCV*, However, it should be pointed out that in both
the PK and PRK groups, ketoprofen was administered
only during the first 24 wk of treatment. Thus, the
similarity between the PRK and PR groups in HCV-RNA
levels during the final phase could be attributable to the
absence of ketoprofen in the PRK group during this time.

As far as the IFNq signaling modulation is concerned,
the activation of STAT1 occurred very eatly after treat-
ment initiation in the two groups receiving ketoprofen,
being evident after 24 h from the start of treatment. How-
ever, there was a rapid decline in STAT1 activation there-
after, particularly in the PK group. In contrast, the PR
group exhibited the greatest activation after 48 h and this
activation was more sustained over time compared with
the ketoprofen-containing regimens. The mechanisms
responsible for these differences in the control of IFN-
induced responses probably include down-regulation and
degradation of receptors”. Moreover, it has been dem-
onstrated that both ribavirin and NSAIDs act synergisti-
cally with TFN-¢, in induction of STAT1 activation" ",
yet there was lower STAT1 activation in the PRK group
compared with the PR group. Thus, an antagonistic effect
between ketoprofen and ribavirin cannot be excluded.

On the other hand, our data demonstrated an early
and sustained increase of 2’-5’0OAS transcription in the
PRK group compared with the PR group, suggesting
that the addition of ketoprofen to the conventional
combination therapy induces early activation of the IFNa

pathway, followed by a better activation of the IFNa-
dependent intracellular pathway.

Even if this study was not designed to assess
antiviral efficacy, the clinical results are consistent with
the molecular data. At baseline, the PR group had a
significantly lower mean HCV viral load than both the
PK and PRK groups. Thus, the proportion of patients
with low viral load (< 700000 TU/mL) was significantly
higher in the PR group (73%) than in the PK (50%) or in
the PRK group (29%). It is well known that in genotype
1 patients, baseline viral load is the best prognostic factor
for response to antiviral treatment” . Thus, it was not
surprising that patients in the PR group obtained a better
virological response at week 4. Nevertheless, the SVR rate
observed in the PRK group (57%) was better than that
observed in PR (47%) and in PK (31%). Furthermore,
among patients with high viral load (> 700000 TU/mL),
those of the PRK group obtained the better SVR (60% s
25% and 38% in the PR and PK groups, respectively). It
should be pointed out that our study was initiated before
the optimal dose of ribavirin for patients with HCV
genotype 1 (i.e. 1000 mg/d or 1200 mg/d according to
body weight) was determined”. However, even if the
dose of ribavirin utilized in this study was suboptimal and
might have influenced the SVR, both groups receiving
ribavirin had the same dose regimen.

In conclusion, considering that the use of ketoprofen
does not add further side effects, is associated with better
viral kinetics and early activation of the IFN signaling
pathway, and in combination with PR improves virological
response rates, this pilot study suggests the exploration of
the clinical efficacy of this three-drug combination in well-
designed randomized clinical trials. We conclude that such
studies are warranted since, in this era of development of
new drugs for HCV, the clinical use of novel compounds
up till now has been hampered by toxicity issues and rapid

promotion of drug-resistant HCV viruses”.

COMMENTS

Background

The current standard treatment for chronic hepatitis C with pegylated-interferon
(PEG-IFN) and ribavirin is effective in approximately 50%-60% of patients,
so that a substantial proportion of patients remain unresponsive. A rational
approach to develop alternative therapeutic strategies for patients with chronic
hepatitis C virus (HCV) infection demands a detailed knowledge of how the
different drugs affect viral kinetics and IFN intracellular signaling. Non-steroidal
antiinflammatory drugs (NSAIDs) have been demonstrated to amplify the
IFN signaling pathways and to enhance the anti-viral effect of IFN. This
phase II study evaluated the effect of ketoprofen (a NSAID) plus PEG-IFN with
or without ribavirin compared with PEG-IFN plus ribavirin (PR) on viral kinetics,
STAT1 activity and expression of the IFN-dependent gene, 2'-5"-oligoadenylate
synthetase (2-5°0AS), in patients with genotype 1 chronic hepatitis C.

Research frontiers

The results of this pilot study support the proposal of an evaluation of the
clinical efficacy of the addition of ketoprofen to the standard PR treatment for
chronic hepatitis C in well-designed randomized clinical trials.

Innovations and breakthroughs

This is the first study to report both molecular and clinical data about the use
of ketoprofen in association with PEG-IFNa and ribavirin in chronic hepatitis
C. The authors found that the addition of ketoprofen to the conventional
combination therapy is associated with better viral kinetics and early activation
of the IFNa signaling pathway, thus improving virological response rates.
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Applications

The results may stimulate further experimental and clinical investigations
regarding the role of NSAIDs in association with IFN-based therapy in the
context of HCV-related liver diseases.

Terminology

IFN signaling pathways are activated by binding of IFN to its specific receptor,
which induces autophosphorylation of protein tyrosine kinases Tyk-2 and
Jak-1 on tyrosine residues, thus activating signal transducer and activator of
transcription (STAT1 and STAT2) proteins. Activated STATs translocate to the
nucleus where they activate the transcription of IFN-inducible genes, such as
2-5'0AS.

Peer review

The authors postulate that a larger trial should be done with this 3 drug
combination, compared to standard of care. While a small study, there is useful
data.
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