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Oral combination therapy with a nucleoside polymerase
inhibitor (RG7128) and danoprevir for chronic hepatitis C
genotype 1 infection (INFORM-1): a randomised,
double-blind, placebo-controlled, dose-escalation trial

Edward | Gane, Stuart K Roberts, Catherine A M Stedman, Peter W Angus, Brett Ritchie, Rob Elston, David Ipe, Peter N Morcos, Linda Baher,
Isabel Najera, Tom Chu, Uri Lopatin, M Michelle Berrey, William Bradford, Mark Laughlin, Nancy S Shulman, Patrick F Smith

Summary

Background Present interferon-based standard of care treatment for chronic hepatitis C virus (HCV) infection is
limited by both efficacy and tolerability. We assessed the safety, tolerability, and antiviral activity of an all-oral
combination treatment with two experimental anti-HCV drugs—RG7128, a nucleoside polymerase inhibitor; and
danoprevir, an NS3/4A protease inhibitor—in patients with chronic HCV infection.

Methods Patients from six centres in New Zealand and Australia who were chronically infected with HCV genotype 1
received up to 13 days oral combination treatment with RG7128 (500 mg or 1000 mg twice daily) and danoprevir
(100 mg or 200 mg every 8 h or 600 mg or 900 mg twice daily) or placebo. Eligible patients were sequentially enrolled
into one of seven treatment cohorts and were randomly assigned by interactive voice or web response system to either
active treatment or placebo. Patients were separately randomly assigned within each cohort with a block size that
reflected the number of patients in the cohort and the ratio of treatment to placebo. The random allocation schedule
was computer generated. Dose escalation was started in HCV treatment-naive patients; standard of care treatment-
experienced patients, including previous null responders, were enrolled in higher-dose danoprevir cohorts.
Investigators, personnel at the study centre, and patients were masked to treatment allocation. However, the pharmacist
who prepared the doses, personnel involved in pharmacokinetic sample analyses, statisticians who prepared data
summaries, and the clinical pharmacologists who reviewed the data before deciding to initiate dosing in the next
cohort were not masked to treatment allocation. The primary outcome was change in HCV RNA concentration from
baseline to day 14 in patients who received 13 days of combination treatment. All patients who completed treatment
with the study drugs were included in the analyses. This study is registered with ClinicalTrials.gov, NCT00801255.

Findings 88 patients were randomly assigned to a study drug treatment regimen (n=74 over seven treatment groups;
73 received at least one dose of study drug) or to placebo (n=14, all of whom received at least one dose). The median
change in HCV RNA concentration from baseline to day 14 ranged from -3-7 to -5-2 log,, IU/mL in the cohorts that
received 13 days of combination treatment. At the highest combination doses tested (1000 mg RG7128 and 900 mg
danoprevir twice daily), the median change in HCV RNA concentration from baseline to day 14 was -5-1log,, IU/mL
(IQR -5-6 to —4-7) in treatment-naive patients and —4-9 log,, IU/mL in previous standard of care null responders
(-5-2 to —4-5) compared with an increase of 0-1 log,, IU/mL in the placebo group. The combination of RG7128 and
danoprevir was well tolerated with no treatment-related serious or severe adverse events, no grade 3 or 4 changes in
laboratory parameters, and no safety-related treatment discontinuations.

Interpretation This oral combination of a nucleoside analogue polymerase inhibitor and protease inhibitor holds
promise as an interferon-free treatment for chronic HCV.

Funding Roche Palo Alto.

Introduction Many direct-acting antiviral drugs are being developed

Hepatitis C virus (HCV) infection is a rapidly evolving
medical problem worldwide;* more than 170000000
people are infected, a fifth of whom will develop
cirrhosis.** HCV-related liver disease is the most common
reason for liver transplantation, and HCV-related
hepatocellular carcinoma has the fastest growing cancer-
related mortality rate in developed countries.® The present
standard of care for chronic HCV infection is sub-
cutaneous pegylated interferon alfa plus oral ribavirin.

that are aimed at various HCV targets. Experimental
HCV protease inhibitors improved treatment outcomes
when added to standard of care in both treatment-naive
and treatment-experienced patients.”* However, the
benefits of adding one direct-acting antiviral drug to the
present standard of care will be limited by the underlying
safety, tolerability, and efficacy drawbacks associated with
interferon-based treatment. The successful development
of an oral, interferon-free direct-acting antiviral drug

www.thelancet.com Published online October 15,2010 DOI:10.1016/50140-6736(10)61384-0

> W

Published Online
October 15, 2010
DOI:10.1016/50140-
6736(10)61384-0

See Online/Comment
DOI:10.1016/50140-
6736(10)61497-3

Auckland Clinical Studies,
Auckland, New Zealand

(EJ Gane MD); The Alfred
Hospital, Melbourne, VIC,
Australia (S K Roberts MD);
Christchurch Clinical Studies,
Christchurch, New Zealand

(CA M Stedman MD); Austin
Hospital, Heidelberg, VIC,
Australia (Prof PW Angus MD);
Royal Adelaide Hospital,
Adelaide, SA, Australia

(B Ritchie MD); Roche Palo Alto,
Palo Alto, CA, USA (R Elston PhD,
D Ipe MS, P N Morcos PharmD,

L Baher BS, | Najera PhD,

T Chu MD, U Lopatin MD,

M Laughlin MD, N S Shulman MD,
P F Smith PharmD); Pharmasset,
Princeton, NJ, USA

(M M Berrey MD); and
Intermune, Brisbane, CA, USA
(W Bradford MD)

Correspondence to:

Dr Edward ) Gane, New Zealand
Liver Unit, Auckland City
Hospital, Auckland 1142,

New Zealand
edgane@adhb.govt.nz



Articles

For the INFORM-1 protocol see
http://www.roche-trials.com/
trialDetailsGet.
action?studyNumber=PP22205

combination treatment would fill an unmet medical
need, and potentially change the existing standard of care
for HCV. The rationale for an oral combination treatment
for HCV is based on the present HIV treatment regimen,
in which multiple direct-acting antiviral drugs that target
different steps of viral replication are combined to
increase the amount of viral suppression and to prevent
or delay the emergence of antiviral resistance.

RG7128 is a 3',5'-di-isobutyric acid ester prodrug of the
cytosine nucleoside analogue B-D-2"-deoxy-2'-fluoro-2'-C-
methylcytidine, which, in its triphosphate form, inhibits
HCV NS5B RNA polymerase. Danoprevir (RG7227) is a
macrocyclic inhibitor of the HCV NS3/4A protease, an
enzyme that is needed for viral replication. Both compounds
have potent in-vitro and in-vivo activity against HCV,*** and
at the time of this study each were in phase 1 development.

We aimed to assess whether RG7128 and danoprevir
could be safely given in combination and whether this
combination would provide potent antiviral activity
without the emergence of treatment resistance.

Methods

Patients

INFORM-1  (INterferon-Free regimen fOR the
Management of HCV) was a randomised, double-blind,
placebo-controlled, dose-escalation trial. Full details of
the methods are available in the study protocol. Patients

were enrolled at six centres in New Zealand and Australia;
the first patient was screened on Oct 27, 2008, and the
last clinical examination was done on Nov 30, 2009.
Eligible patients were men and women who were of non-
childbearing potential aged 18-65 years, who were
chronically infected with HCV genotype 1 but did not
have cirrhosis, and who had a minimum HCV RNA of
105 TU/mL. Patients were required to have normal renal
and hepatic function and no dlinically significant
comorbidities. Additional exclusion criteria were co-
infection with hepatitis B or HIV, concurrent medical or
psychiatric disorder (or history of such), history of any
neoplastic disease, history of clinically significant
cardiovascular or cerebrovascular disease, use of growth
factors, or anticipated use or need for significant
concomitant medical treatment. A full list of eligibility
criteria is provided in the study protocol.

The study included standard of care treatment-naive
and treatment-experienced (null and non-null responder)
patients. Patients were classed as non-null responders if
they had relapsed (an HCV RNA concentration that was
undetectable while receiving standard of care but that
became detectable after discontinuation of therapy) or
had responded partially (a reduction in HCV RNA
concentration by at least 2 log,, IU/mL, after 12 weeks of
treatment while on standard of care but not reaching
undetectable HCV RNA concentrations). Patients were

Week 48

Cohort Population Day 4 Day 7 Day 14
I T T T 1
Al Treatment naive 500 mg RG7128 twice daily Pegylated interferon alfa-2a and ribavirin
| 100 mg danoprevir every 8 h
00 mg RG7128 twice dail
A2 Treatment naive | S 9RG7 7 Pegylated interferon alfa-2a and ribavirin
100 mg danoprevir every 8 h
B Treatment naive 500 mg RG7128 twice daily Pegylated |nFerfelr€)n
100 mg danoprevir every 8 h alfa-2a and ribavirin
a TR RS 500 mg RG7128 twice daily Pegylated inFerfeln')n
200 mg danoprevir every 8 h alfa-2a and ribavirin
o) Treatment naive 1000 mg RG7128 twice daily Pegylated inFerfe.rF)n
100 mg danoprevir every 8 h alfa-2a and ribavirin
1000 RG7128 twice dail i
D T, mg RG/. / ice daily Pegylated |nFerFelr9n
200 mg danoprevir every 8 h alfa-2a and ribavirin
E 1000 mg RG7128 twice daily Pegylated interferon
Non-null responders — S Y
600 mg danoprevir twice daily alfa-2a and ribavirin
1000 RG7128 twice dail i
F Null responders mg RG7 wice daily Pegylated |nFerfs{rL?n
900 mg danoprevir twice daily alfa-2a and ribavirin
G ) 1000 mg RG7128 twice daily Pegylated interferon
Treatment naive —— - P
900 mg danoprevir twice daily alfa-2a and ribavirin
Placebo | Treatment naive or treatment experienced filaccbORC728 Pegylated '"Fe’fﬁf?n
Placebo danoprevir alfa-2a and ribavirin

Figure 1: Treatment regimens
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88 patients randomised
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8 assigned to

8 assigned to 9 assigned to

8 assigned to

8 assigned to

8 assigned to

14 assigned to

cohort A1 cohort A2 cohort B cohort C1 cohort 2 cohort D cohort E cohort F cohort G placebo*
A 4 y A 4 A 4 A A 4 A 4 A 4 A A 4
9 received at 8 received at 8 received at 8 received at 8 received at 8 received at 8 received at 8 received at 8 received at 14 received at
least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose least 1 dose
9 completed 8 completed 8 completed 8 completed 7 completed 8 completed 8 completed 8 completed 8 completed 14 completed
7 days of 7 days of 13 days of 13 days of 13 days of 13 days of 13 days of 13 days of 13 days of 13 days of
treatment treatment treatment treatment treatmentt treatment treatment treatment treatment treatment
2 withdrew 1 withdrew
1 failed to 1 failed to
—p return —p return
1 refused
treatment
A 4 y A 4 A 4 A A 4 A 4 A 4 A A 4
7 completed 8 completed 7 completed 8 completed 8 completed 8 completed 8 completed 8 completed 8 completed 14 completed
follow-up follow-up follow-up follow-up follow-up follow-up follow-up follow-up follow-up follow-up

Figure 2: Trial profile

*Placebo patients were randomly assigned from the treatment cohorts: two from B, two from C, four from D, two from E, two from F, and two from G; the main objective of cohort A was to
characterise the potential pharmacokinetic interaction, therefore placebo control was not necessary. tOne patient did not complete inpatient treatment but completed the day 98 follow-up visit;
therefore, this patient was regarded as having completed the study but was not evaluable for the assessment of viral kinetics on day 14.

classed as null responders if they had a less than
1log, IU/mL reduction in HCV RNA concentration after
1month or less than 2 log,, IU/mL reduction after 12 weeks
of previous standard of care.

This trial was approved by local ethics committees and
regulatory authorities at each of the six centres and was
done in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all patients
before any study-related activities.

Randomisation and masking

Eligible patients were enrolled into one of the seven
treatment cohorts and were then randomly assigned by
interactive voice or web response system to active
treatment or placebo. Random allocation for each cohort
was done after completion of treatment in the preceding
cohort. Cohorts were treated in the following order: A, B,
C,D, E, and F and G (in parallel). Patients were separately
randomly assigned within each cohort with a block size
that reflected the number of patients in the cohort and the
ratio of treatment to placebo. Patients in cohort A were
randomly assigned (1:1) to treatment Al or treatment A2.
For cohorts B and E-G, patients were randomly assigned
(41) to treatment or placebo. Patients in cohort C were
randomly assigned (4:4:1) to treatment C1, treatment C2,
or placebo. For cohort D, patients were randomly assigned
(2:1) to treatment or placebo. The random allocation
sequence was computer generated and maintained by the
Roche project statistician. Investigators, personnel at the
study centre, and patients were masked to treatment

allocation. However, the pharmacist who prepared the
doses, personnel involved in pharmacokinetic sample
analyses, statisticians who prepared data summaries, and
the clinical pharmacologists who reviewed the data before
deciding to initiate dosing in the next cohort were not
masked to treatment allocation. Patients in cohort C were
masked to study drug dose but patients in cohorts A, B,
and D-G were not. Study drugs and placebo were identical
in colour, size, shape, and taste.

Procedures

Figure 1 shows the treatment regimens for each cohort;
each subsequent intervention cohort received a higher
dose combination of RG7128 and danoprevir than the
previous cohort. Treatment in cohorts A and B was
completed sequentially and available safety, antiviral, and
pharmacokinetic data were assessed before dosing
cohort C. Pending no clinically significant safety issues in
cohort C, cohort D was started. After completion of cohort E
and the analysis of available safety and pharmacokinetic
data, cohorts F and G were started in parallel. Patients
remained in a clinical research unit throughout study drug
treatment. On completion of study drug dosing and after a
washout period of up to 24 h, patients continued on
standard of care treatment (180 pg/week pegylated
interferon alfa-2a, and ribavirin at 1000 mg/day for patients
weighing <75 kg or 1200 mg/day for those weighing
=75 kg), apart from patients in cohort F, who were
unmasked after the last assessment was completed on
day 14 to allow the investigator to decide if patients should
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Placebo (n=14) B (n=8) C1(n=8) C2 (n=8) D (n=9) E (n=8) F (n=8) G (n=8)
Age (years) 491 (7-9) 486 (65) 50-8 (31) 49-8 (8-9) 43-9 (11-1) 43-3(12.0) 51-4(4-4) 43:5(10-2)
Weight (kg) 70:5(9-9) 887(167) 792(83)  790(104) 796(143) 759(183) 761(9:8) 76:0(13-6)
Men 9 7 8 5 6 6 6 7
Race
Asian 0 0 0 1 2 0 0 3
White 14 6 8 7 6 8 7 5
Pacific Islander 0 1 0 0 0 0 0 0
Other 0 1 0 0 0 0 1 0
Alanine aminotransferase (IU/mL) 78 (32) 92 (55) 89 (70) 84(27) 84 (61) 64 (26) 117 (76) 90 (65)
HCV genotype
la 13 6 7 5 6 7 7 5
1b 1 2 1 3 2 1 1 3
Baseline log,, HCV RNA (1U/mL) 66 (0:6) 6-3(0-8) 67 (0-5) 6-4(0-4) 6-2(0-6) 6-2(0-6) 6-3(0:8)  6:5(0:6)
Log,, HCV RNA change from 01(-0-1t00-2) -3-7(-45t0 -52(-55t0 -48(-57to -48(-52t0 -4.0(-47to -49(-52 -51(-56to
baseline to EOT -32) -4-6) -4-6)* -43) -3:5) t0—4-5) -47)
<LLOQat EOT 0 1 5 517 5/8 4 4 7
<LLOD at EOT 0 1 2 2/7 2/8 1 2 5
Data are mean (SD), number, median (IQR), or n/N. EOT=end of treatment. HCV=hepatitis C virus. LLOD=lower limit of detection. LLOQ=lower limit of quantification. *n=7 for viral
kinetics on day 14; one patient did not complete the day 14 assessment for viral kinetics and was excluded from the analysis.
Table 1: Demographics and virological results for patients who received combination treatment or placebo

start standard of care treatment. Patients returned to the
clinic for follow-up visits at 1, 4, and 12 weeks after the last
dose of study drug. If patients continued on the standard
of care, these follow-up visits occurred while they were still
receiving standard of care treatment.

The primary outcome was change in HCV RNA
concentration from baseline to day 14 in patients who
received 13 days of combination treatment.

We collected blood samples from all cohorts for
measurement of plasma drug concentrations of both
compounds. For cohort A, samples were taken on days 3
(monotherapy) and 7 (combination). For cohorts E, F, and
G, samples were taken on days 1, 4, 7, 10, and 14. Samples
were assayed by validated liquid chromatography tandem
mass spectrometry methods, and standard non-
compartmental pharmacokinetic methods were applied.
Samples were also taken for cohorts B, C, and D, on days 1,
4,7, and 14, but we do not present data for these cohorts.

We measured plasma HCV RNA concentrations with
the COBAS TagMan HCV Test (version 2.0; Roche,
Burgess Hill, UK), with a lower limit of quantification of
43 IU/mL and a lower limit of detection of 15 IU/mL.
HCV RNA was measured at screening, baseline, during
and at the end of treatment, and during follow-up.

Serum samples from all timepoints at which HCV
RNA was measured were collected and stored for
monitoring of drug resistance. Double-stranded DNA
population sequencing of NS5B, NS3/4A, and NS3
protease entire coding regions was done for all samples
at baseline. For groups Al and A2, drug susceptibility
was assessed at baseline (day 1), at the end of
monotherapy (day 4), and at the end of combination
treatment (day 7) by direct cloning of patient-derived

sequences into a shuttle replicon. For all other cohorts,
drug susceptibility was tested on days 1 and 7. Patients
who had virological rebound (defined as a sustained
increase of 20-5 log, IU/mL HCV RNA above nadir
before the end of treatment) and non-responders
(defined as an HCV RNA change from baseline
<0-5 log, IU/mlL) also had population and clonal
sequencing of samples at baseline and after rebound.
We did phenotypic characterisation by cloning the
patient’s NS5B and NS3 protease region into a replicon
shuttle vector to assess drug susceptibility.

Plasma samples collected at baseline and on days 3, 14,
and 42 from patients in cohorts B-G were analysed for
interferon gamma-inducible protein (IP-10, a marker of
reduced interferon responsiveness) concentration by
immunoassay (Aushon Biosystems, Billerica, MA, USA).

Biochemical and haematological assessments,
urinalysis, electrocardiograms (ECGs), and physical
examinations were done at screening, baseline, frequently
during study drug treatment, and at the follow-up visit
7 days after the last dose of study medications. Safety
events included laboratory abnormalities, adverse events,
intercurrent illness, and death.

Statistical analysis

With a sample size of eight participants per group, a two-
sided 90% CI for a single mean had an interval that
extended no more than 0-7 log,, from the observed mean,
with 80% coverage probability (assuming that the true SD
is 0-95 log,, and that the CI is based on the ¢ statistic). No
formal hypothesis testing was planned. Patients in cohorts
B-G and the placebo cohort who received at least one
dose of drugs were included in the analysis of the primary
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outcome. All patients who received at least one dose of
study drug were included in the safety, pharmacokinetics,
and IP-10 analyses. Adverse events, vital signs, laboratory
tests, HCV RNA, and pharmacokinetics were descriptively
compared across the various treatment groups.

This study is registered with ClinicalTrials.gov,
NCT00801255.

Role of the funding source

The sponsor of the study contributed to study design, data
collection, data analysis, data interpretation, and writing of
the report, with input from the investigators. The
corresponding author had full access to all the data in the
study and had final responsibility for the decision to submit
for publication.

Results

88 patients were enrolled into the trial, of whom
73 received at least one dose of assigned treatment and
14 received placebo (figure 2). Cohort D was over enrolled
by one patient; this patient was eligible on screening and
was allowed to enrol in case of dropouts. One patient
withdrew before receiving the first dose. Of the 73 patients
who received at least one dose of study drug, 55 received
13 days of combination treatment (cohorts B-G) and were
included in the assessment of viral kinetics on day 14. The
baseline characteristics of these patients and those in the
placebo cohort were similar (table 1). Most of the
87 patients enrolled were white (n=78, 90%), men (n=70,
80%), and infected with genotype la (n=69, 79%). The
mean age was 46-8 years (range 27-61) and the mean
baseline log, plasma HCV RNA concentration was
6-41U/mL (range 4-6-7-3 IU/mL).

At the end of the study treatment period (day 14),
85 patients started treatment with pegylated interferon
alfa-2a and two with pegylated interferon alfa-2b (one
patient in each of cohorts Al and C1), all in combination
with oral ribavirin.

Table 1 and figure 3 show the changes in HCV RNA
concentrations for cohorts B-G and the placebo group.
The median reductions in HCV RNA concentrations
were about 5 log,, IU/mL for the cohorts with the highest
dose regimens (cohort F, which included previous
standard of care null responders, and cohort G, which
included treatment-naive patients; table 1). In a post-hoc
analysis, we combined data from cohorts B-G and noted
that there was similar antiviral activity in the 42 patients
infected with HCV genotypes 1a (median—4-8log,, IU/mL;
IQR -5-1 to —4-1) and the 13 patients infected with
genotype 1b (-5-1log, IU/mL; -5-4 to —4-5).

In the highest dose cohorts (F and G), five of eight
treatment-naive patients and two of eight null responders
had HCV RNA concentrations below the limit of detection
(<15 IU/mL) and seven of eight treatment-naive patients
and four of eight null responders had HCV RNA
concentrations below the limit of quantification
(43 IU/mL, table 1). Combining low-dose danoprevir with

-1

—— Placebo
-8B
-
—A— Q2

5 D
—E
—F
-G

Median log,, HCV RNA concentration change from baseline (IU/mL)

71 — INFORM-1 cohort G
—— NSHC-003

Median log,, HCV RNA concentration (IU/mL)

o
]
IS
o
0]
.
1S}
=
]
=
~
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Figure 3: Viral kinetics

(A) Changes in hepatitis C virus (HCV) RNA concentrations over the duration of study drug treatment. (B) Changes
in HCV RNA concentrations in treatment-naive patients given danoprevir 900 mg twice daily co-administered
with either RG7128 (cohort G) or with pegylated interferon alfa-2a and ribavirin (NSHC-003 [NS3/4a protease
inhibitor of HCV]?). Dashed line in B shows limit of detection.

RG7128 (cohort B) resulted in a reduction in HCV RNA
concentration from baseline after 3 days of combination
treatment that was 0-6 log,, [U/mL greater than the sum
of the reductions achieved with each drug as monotherapy
for 3 days (cohort A, data not shown).

In a post-hoc analysis, the viral kinetics reported for
cohort G were qualitatively similar to those recorded with
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RG7128 Danoprevir
Coue(ug/mL[%])  AUC,, (ug/h/mL[%]) Coe(ng/mL{%])  AUG,,, (ng/h/mL [%])
Al(day3) 57 (17%) 27:7 (12%)
Al(day7)  51(14%) 27-8 (13%) . .
A2 (day 3) @ - 12:3 (96%) 20.9 (73%)
A2 (day7) 15-4 (86%) 23-0 (64%)
E 10-2 (26%) 60-4 (24%) 331 (83%) 546 (69%)
F 93 (19%) 60-0 (19%) 2340 (69%) 3490 (77%)
G 10-2 (16%) 60-2 (17%) 774 (139%) 1050 (78%)
Data are mean (coefficient of variation). C ., =maximum observed plasma concentration. AUC, ,, =area under the
concentration-time curve from time zero to end of dosing interval.
Table 2: Selected pharmacokinetic results
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Cohort B C D E F G Placebo

Figure 4: 1P-10 concentrations
Boxed areas=IQR. Lines=lower (0-25%) and upper (75-100%) quartile ranges. Red lines=median. Circles=outliers.

previous data’ from a similar patient population who were
given the same danoprevir regimen with standard of care
(figure 3B).

No evidence of treatment-emergent resistance to either
compound was identified during the study, and 72 of
73 patients in the treatment groups had a continuous
decline in viral load, which was maintained throughout
dosing. For cohort A, we identified the population and
clonal sequence for NS3/4A (or NS3 protease domain)
and NS5B for samples with a viral load of at least
1000 1U/mL (limit of amplification). In the ten patients

with a viral load of at least 1000 IU/mL, there was no
evidence of drug resistance by population, clonal
sequencing, or phenotypic analysis (data not shown).

One patient in group C1 had a 1-4 log,, [U/mL increase
in HCV RNA above nadir on day 13 of treatment and thus
met the protocol definition of viral rebound. Sequence
and phenotypic analyses were done on the first PCR-
amplifiable sample for this patient after the HCV RNA
rebound (day 15, 24 h after the last dose of study drugs).
No resistance mutations to either drug were identified by
population sequence, whereas clonal analysis identified
one clone (1/88) harbouring a danoprevir-associated
resistance mutation (F43S). Phenotypic characterisation
studies showed full susceptibility to both drugs.

Two patients had pre-existing mutations associated with
protease inhibitor resistance; one patient in the placebo
group had a R155K mutation in the protease NS3 region
and one patient in cohort D had a pre-existing D168E
mutation. The baseline danoprevir ECy, was 37 times
higher in this patient than in patients with the wild-type
virus. Despite this reduced susceptibility to danoprevir,
HCV RNA concentrations decreased by 2-7 log,, [U/mL
from baseline to the end of treatment in this patient.

Table 2 summarises pharmacokinetic results for
selected cohorts. For cohort A, on the basis of differing
routes of elimination (RG7128 is excreted renally and
danoprevir is metabolised in the liver), no substantial
changes in pharmacokinetics were reported when either
drug was given alone or in combination. The
pharmacokinetics of RG7128 were similar to historical
controls” in both treatment-naive (cohort G) and
treatment-experienced populations (cohorts E and F).
The pharmacokinetics of RG7128 did not seem to differ
between treatment-naive patients and null responders
(cohorts F and G). For danoprevir, the pharmacokinetics
in treatment-naive patients (cohort G) were similar to
previous data;" however, the mean danoprevir exposure
in the null-responder cohort were substantially higher
than previously reported in treatment-naive HCV-
infected patients.*

Baseline plasma concentrations of IP-10 seemed to be
higher in standard of care null responders (cohort F;
figure 4). IP-10 concentrations decreased in all cohorts
while they were receiving active direct-acting antiviral
drug combination therapy and reduced in parallel with
viral load.

The combination of RG7128 and danoprevir was well
tolerated in all cohorts over the study treatment period
(table 3). 80 of 87 patients had at least one adverse event
during treatment up to day 14. The most common adverse
event was headache, which occurred with similar
frequency in the treatment groups (median 50%, range
13-88%) to the placebo group (57%). Other commonly
reported adverse events included lethargy, rash,
gastrointestinal disorders, and nausea. With the exception
of one case of severe back pain in cohort E and one case
of severe influenza-like illness in cohort G, all other
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adverse events up to day 14 were of mild or moderate
intensity. There were no treatment-related study
withdrawals or dose reductions. One patient in group C2
withdrew from the in-house portion of study for personal
reasons on day 10; however, this patient did complete
long-term follow-up visits.

Two serious adverse events were reported in the follow-
up standard of care period (one multiple-drug overdose
and one ankle fracture); neither was judged by the
investigator to be related to the study drugs. There were
no deaths reported in the study, and there were no grade 3
or 4 changes in laboratory parameters.” No clinically
significant changes in vital signs or ECGs were reported
in any of the dose groups (data not shown).

Discussion

The INFORM-1 study provides proof of concept for an
oral approach to the treatment of HCV, in which a
combination of direct-acting antiviral drugs is safely co-
administered without pegylated interferon. INFORM-1
combines drugs that, at the time of the study, were still in
phase 1 development, which differ from traditional
development pathways, in which studies of treatment
combinations are delayed until each drug is in the late
stages of development or has been approved. Even
though INFORM-1 is a short-term phase 1 study, the
findings show that an interferon-free regimen can
suppress viral replication. However, we did not show that
interferon-free regimens can eradicate HCV (ie, produce
a sustained virological response). Second, the study did
not enrol patients with cirrhosis, which is a large and
important group of patients at great need of treatment
advances (especially safety).

Co-administration of RG7128 and danoprevir was
generally safe and well tolerated. Although patients were
masked to treatment allocation, because of the cohort
dose-escalation design, patients were not fully masked to
the doses of study treatments they might receive. The
knowledge of treatment dose could have influenced
tolerability in the higher dose cohorts. However, there
was no evidence of poorer tolerability among patients
who were randomly assigned to the higher dose cohorts.
The combination treatment resulted in potent antiviral
activity in standard of care treatment-naive, treatment-
experienced, and null-responder patients. The potent
activity in null responders, some of whom had
undetectable HCV RNA at 14 days, is particularly
impressive because this population did not achieve a
clinically significant reduction in viral load during
previous treatment with standard of care.

The pronounced antiviral activity in patients who
received the combination treatment was maintained
throughout the duration of dosing, and there was no
evidence of development of resistance, albeit only after
13 days of treatment in a small cohort of patients.
Although one patient in group C1 met the definition of
viral rebound, phenotypic characterisation showed full

Placebo A1 A2 B a Q D E F G

(n=14) (n=9) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)
Headache 8 5 3 2 4 7 4 4 6 1
Lethargy 2 0 0 1 1 1 0 1 0 2
Nausea 2 0 1 1 1 0 0 1 4 1
Constipation 1 0 0 1 1 2 0 1 1 1
Diarrhoea 1 0 1 1 1 0 0 2 2 0
Abdominal 1 1 0 0 0 0 0 3 0 2
discomfort
Dry mouth 0 0 0 2 0 0 1 0 0 0
Abdominal 0 0 0 0 0 2 0 0 0 0
distension
Rash 1 2 1 3 0 0 1 1 0 1
Skin irritation 2 0 0 1 0 0 0 0 2 0
Painin extremity 1 0 0 0 0 0 1 0 2 0
Dry eye 1 0 0 1 0 2 0 0 0 0
Anxiety 0 0 0 0 0 0 0 2 0 1

Table 3: Adverse events during treatment occurring in at least two patients in any treatment group

susceptibility to both study drugs, suggesting that viral
rebound was not caused by the development of resistance,
and that the detection of one resistance mutation as a
minority species after treatment could be a consequence
of random mutagenesis during ongoing viral replication.
These results lend support to further testing of this
interferon-free treatment regimen in studies of longer
duration to assess the possibility of achieving a sustained
virological response.

In HCV, the rapid replication rate and low fidelity of the
RNA polymerase results in pre-existing drug-resistant
mutations and the rapid development of treatment
resistance for some classes of direct-acting antiviral drugs."”
When given as monotherapy, most direct-acting antiviral
drugs rapidly select HCV variants with reduced drug
susceptibility, resulting in virological rebound and
treatment failure.” In patients receiving the HCV protease
inhibitor telaprevir as monotherapy, resistant mutations
can be detected as early as day 4.” The selection of
mutations that cause an increase in the EC,, against HCV
nucleoside polymerase inhibitors, such as RG7128, in vitro
is more difficult than with other classes of direct-acting
antiviral drugs.

Nucleoside resistance in vivo has not been reported so
far, probably because of decreased viability of the in-vitro-
selected resistance mutation.® Development of a
treatment regimen of direct-acting antiviral drugs with
one or more drugs with a high resistance barrier will be
crucial to the success of this interferon-free treatment
approach. The combination of RG7128 with direct-acting
antiviral drugs that have a lower barrier to resistance,
such as protease inhibitors, reduces drug resistance in
vitro.” The INFORM-1 study confirms this benefit in
vivo, because the combination of RG7128 and danoprevir
prevented resistance-associated virological breakthrough
that has been reported with monotherapy with a protease
inhibitor, including danoprevir.®
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HCV viral kinetics are biphasic, with the first rapid
phase representing clearance of free virions, and the
more shallow second phase slope representing the loss
of HCV-infected hepatocytes.?** The viral kinetic profile
during combination treatment with danoprevir and
RG7128 is similar to that recorded previously during
treatment with danoprevir plus standard of care.’ This
similarity between the kinetic profiles suggests that
treatment of HCV without the use of interferon might be
possible. On the basis of the phase 2 viral decline reported
in this study and the estimated total body viral burden of
1011, between 8 and 12 weeks of combination direct-
acting antiviral drug therapy might be sufficient to cure
patients with HCV, provided there is no emergence of
antiviral resistance. However, the number and type of
direct-acting antiviral drugs needed for success, along
with the optimal duration of treatment, will need to be
tested in longer-term clinical studies.

IP-10 is a chemokine involved in lymphocyte chemo-
taxis.” Higher concentrations of IP-10 are presumed to
be indicative of greater endogenous activation of host
interferon pathways.** Previous studies have shown that
concentrations of serum and intrahepatic IP-10 before
treatment are inversely associated with the likelihood of
response to standard of care; null-responder cohorts
consistently had higher IP-10 concentrations than did
patients who achieved a sustained virological response.**
The reduction of IP-10 in these patients suggests that
rapid viral suppression with interferon-free direct-acting
antiviral drug therapy effectively reduces activation of
endogenous interferon.

The pharmacokinetics of antiretrovirals and anti-HCV
drugs (including danoprevir), which usually rely on
cytochrome P450 3A4 metabolism, differ between
healthy control individuals and patients infected with
HCV who are treatment naive.”** However, the higher
danoprevir exposure between null responders and
patients who are treatment naive when given the same
dose was unexpected. This difference might represent a
continuum of differences in cytochrome P450 3A4
metabolic activity between healthy volunteers, patients
who are treatment naive, and interferon null responders.
Despite the higher exposure to danoprevir in null
responders, the viral kinetic profiles and the number of
patients reaching undetectable concentrations of HCV
RNA might be lower in these patients than in those who
are treatment naive. Therefore, the possibility that
interferon non-responders might also have a reduced
antiviral response to direct-acting antiviral drugs cannot
be ruled out.

The combination of RG7128 and danoprevir should be
further developed and might be a viable interferon-free,
all-oral regimen for patients with chronic HCV infection.
Promising results have been published for use of direct-
acting antivirals as monotherapy. However, treatment of
patients with an all-oral, interferon-free dual direct-acting
antiviral drug combination, as assessed in our study,

marks a major shift in the future management of HCV
infection and the biggest development in treatment of
the disease for the past two decades.
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