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Interferon-y1b (IFN-y1b) is a pleiotropic cytokine that displays antifibrotic, antiviral, and
antiproliferative activity. A total of 502 patents with compensated liver discase and an Ishak
fibrosis score of 4-6 were randomized in a double-blind, placebo-controlied study, and 488 of
these patients received subcutaneous injeciions of IFN-v1b 100 pg (group 1, n = 169), IFN-y1b
200 pg (group 2, n = 157), or placebo (group 3, n = 162) 3 times a week for 48 weeks. Most
patients (83.6%) had cirrhosis at baseline {Ishak score = 5 or 6). Posurcatment liver biopsies
were assessed in a blinded fashion for a reduction of 1 or more Ishak points (primary endpoint).
Four hundred twenty patients with pretreatment and posttreatment liver biopsies were evaluable
and showed no improvement in Ishak score between the 3 treatment groups (12.1%, 12.4%, and
16% of patients in groups 1, 2, and 3, respectively; P > 0.05). Analysis of IFN-y—inducible
biomarkers revealed that interferon-inducible T cell--alpha chemoattractant (ITAC), an IFN-y-
inducible CXCR3 chemokine was an independent predictor of stable or improving Ishak score.
IFN-y1b was well tolerated. There were similar numbers of deaths in all 3 arms (5, 5, and 4,
respectively), and most were related to complications of cirrhosis. Conclusion: IFN-y1b therapy
was not able to reverse fibrosis in patients with advanced liver disease for 1 year. Subgroups of
patients with elevated ITAC levels and perbaps less advanced disease may be considered for

future studies with IFN-y1b. (HEPATOLOGY 2007:45:569-578.)

ibrosis is currently viewed as a dynamic rather than 2
static process; extracellular matrix is constandy being
laid down and resorbed, and the progressive accumu-
lation of fAbrous tissue is believed to represent a relative im-
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balance between profibrotic and antifibrotic processes.’ The
central cells involved in the pathogenesis of hepatic fibrosis
are hepatic steliate cells (HSCs), also known as lipocyzes,
fat-storing cells, Ito cells, or myofibroblasts.> Cytokines play
major roles in all stages in the development of fibrosis, in-
cluding hepatocyte injury, inflammatory response, altered
function of sinusoidal cells (particularly HSCs), extraceltular
matrix accumulation, and matrix degradation. Cyrokines
play an especially important role in perpetuating and mod-
ulating the effeces of activated HSCs.

In experimental models of fbrosis, transforming
growth factor-g (TGF-5) has been shown to play a key
role in stimulating and maintaining the fibrogenic pro-
cess. in the liver, TGE-B stimulates the expression of ex-
and inhibits
collagenases, and promotes the activation of fai-storing
HSCs toward a myofibroblast phenotype.’ In addition,
inhibition of TGF-f3 is effective in preventing fibrosis as

tracellular  matrix  proteins collagen,

well as in preserving organ funcaion.’

Interferon gumma (IFN-v) has been shown to be a key
counter-regulatory andifibrotic cytokine down-regulating
the activity of TGF-B.* IFN-v inhibits the interaction of
downstream proteins that are normally activared after the

-

binding of TGE-8 to its cellular recepror. As a result,
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transcriptional responses to TGF-f signaling are inhib-
ited. The degree of inhibition depends in part on the
relative amounts of TGE-B and IFN-v, indicating thar
the extent of inhibition (or activation) of TGF-f3 respon-
sive genes may be determined by the balance of TGE-3
and IFN-vy signals. This provides a theoretical rationale
for the use of pharmacological doses of TFN-vy even in
those settings in which there are elevated levels of intrinsic
IFN-v and TGF-8.°

Experimental data from in witro studies, studies in an-
imal models of liver fibrosis and studies in humans with
idioparhic pulmonary fibrosis all support a potential ther-
apeutic role for IFN-y1b in the inhibition of fibrosis in
the liver and other organs.'-#&8 Studies of the in virro
effects of IFN-v on cultured murine as well as human
HSCs consistently demonstrate that IFN-v inhibits the
proliferation and culture-induced activation of these cells
with resultant inhibition of the expression of messenger
RNA encoding exrracellular matrix proteins, leading to a
significant reduction in the production of extracellular
matrix proteins.?# In addition, several studies have been
published on the antifibrotic activity of IFN-vy in animal
models of liver fibrosis. These studies consistently dem-
onstrate that [IFN-y administered during the period of
hepatic injury is capable of reducing the overall mass of
extracellular matrix and of reducing the degree of histo-
logically evident fibrosis present in the liver,

A smali pilot study by Saez-Royuela et al.” randomized
30 adults with chronic hepatitis C and persistently ele-
vated serum ALT levels to either IFN-v2¢ or IFN-y1b.
There was a trend toward a decrease in the fibrosis score in
IFN-v1b recipients with a reduction in fibrosis from
1.2 £ 1.0 to 0.7 £ 1.0 on the Knodell fibrosis score.
Another pilot trial of 14 patients who had failed prior
treatment evaluated IFN-y1b in doses of 100, 200, or 400
pg subcutancously (SC) three times a week for 4 weeks,
Although relatively well tolerated, IFN-y1b had no effect on
HCV RNA levels. Fibrosis was not assessed. These experi-
mental and clinical data justified the scudy of IFN-y1b in a
phase 2b study to evaluate its role as an antifibrotic agent.

Patients and Methods

This study was designed as a double-biind, random-
ized, placebo-controlled, prospective, multicenter, 3-arm
study comparing 2 doses of IFN-y1b with placebo. [FN-
v1b (100 or 200 pg} or placebo was administered 3 times
a week via subcutaneous injection for 48 weeks with a
4-week follow-up period. Patients were followed for an
addidonal 4 weeks after completing treatment {(or after
postireatment liver blopsy if the patienr discontinued
early) for evidence of hepatic decompensation and labo-
ratory evaluations.
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Patient Selection. The study population consisted of
patients with advanced liver fibrosis or cirrhosis (Ishak
fibrosis stage 4, 5, or 6) without clinical decompensation
due to chronic hepatitis C virus infection and who were
viremic. Patients had to have a history of prior treatment
with IFN-a-based therapy, a contraindication to, or be
deemed unlikely to benefit from therapy with IFN-« or
pegylated IFN-a.

Patients included in this trial were men or women age
18 to 75 years with chronic hepatitis C infection based on
a history of positive anti-HCV antbedy and/or HCV
RNA. Patients were required to have a positive HCV
RNA via branched DNA/transcription-mediated ampli-
fication (bDNA/TMA) assay at screening, an adequate
liver biopsy specimen as deemed by the central patholo-
gist obtained either within 12 months of screening or at
the time of screening, demonstrate a willingness to un-
dergo a liver biopsy at the beginning (if required) and end
of treatment, and have stage 4, 5, or 6 liver fibrosis accord-
ing to the Ishak scoring system.

Patients with any of the following were excluded from
randomization: presence of clinically evident ascites re-
quiring active diuretic therapy; history of or therapy for
hepatic encephalopathy; history of gastroesophageal
variceal bleeding within the previous 2 years; platelet
count <60,000/mm?; serum ALT level >10 times the
upper limit of normal; alpha-fetoprotein level =200
ng/ml or alpha-fetoprotein level between 50-200 ng/ml in
association with liver ultrasound or other radiographic
abnormality suspicious for hepatic neoplasm; serum cre-
atinine level > 1.6 mg/dl; hematology ourside of specified
limits (neutrophil count <1000/mm?, hemoglobin <10
g/dl in males and <9 g/dl in females); unstable or uncon-
troiled thyroid disease; rreatment with any IFN-a within
the previous 8 weeks; presence of clinically significant
cryoglobulinemia, autoimmune hepatitis, alpha-1 anti-
trypsin deficiency, hemochromatosis, Wilson’s disease,
drug-induced or toxin-induced liver disease, alcohol-re-
lated liver disease, primary biliary cirrhosis, primary scle-
rosing cholangitis, chronic hepatitis B, or detectable
HBsAg; HIV antibody—positive, concurrent therapy with
immunosuppressive drugs or cytotoxic agents; behavior
suggesting a significant risk of poor compliance; pre-ex-
isting (wirthin the previous 2 years) or active psychiatric
condition including severe depression, major psychoses,
suicidal ideation, or suicidal attempts; pregnancy or lac-
tation; or treatment with any investigational therapy for
any indication within 28 days before treatment.

Study Design and Assessments. Potential patients
underwent a screening medical history, physical exam-
inarion, and laboracory tests. A prestudy liver biopsy
was obtained and evaluated by a central pathologise to
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Jetermine if patients met rthe required histologicai in-
cusion criteria (adequate baseline liver biopsy speci-
men and appropriate degree of liver fibrosis).
Randomization was stratified for patents with ad-
vanced fibrosis {Ishal stage 4) versus cirrhosis (Ishak
srage 5 or 6) and by investigator center. All patients
were seen and evaluared ar baseline and at weeks 1, 4, 8,
16, 24, 36, 42, 48, and 52. At the end of treaument
(week 48), patients had a follow-up fiver biopsy. Four
weeks after taking the final dose of study drug, patients
returned to the clinic for the week 52 follow-up evalu-
ation. Collection of all serious adverse event data was to
continue during an additional 48 weeks of posttherapy
follow-up. At the conclusion of the study, patients as-
signed to placebo therapy who completed the study,
were compliant, and underwent the postrreatment liver
biopsy were eligibie to receive IFN-y1b in a follow-up
study if data from this study indicated that the drug
was safe and cffective. Informed consent was obrained
from each patient included in the study, and the pro-
tocol followed the ethical guidelines of the Declaration
of Helenski as reflected in a priori approval each insti-
tution’s Human Research Commitree,

The primary objective of this scudy was to evaluate the
propartion of patients showing a reduction of 1 or more
poinis on the fibrosis staging score (using the Ishak stag-
ing system) on liver biopsy after trearment wich one of two
dose levels of IFN-y1b for 48 wecks compared with pla-
cebo recipients. The primary quantitative measure of liver
fibrosis was a blinded assessment by one pathologist
(Z.G.

The secondary efficacy objectives of the study were
multiple: to evaluate the change in liver fibrosis histology
score as graded by the METAVIR, Knodell, and Laennec
fibrosis staging systems; to evaluate the relative change in
fibrosis based on a comparison of paired prestudy and
poststudy liver biopsies (blinded to order) based on an
assessment of improved, unchanged, or worsened; to eval-
uate the change in the necroinflammatory component of
the Knodell Histologic Activity Index; to evaluate the
change in HCV RNA viral load before, during, and a the
end of therapy; to evaluate the proportion of patients
developing clinical manifestations of hepatic decompen-
sation, including ascites, gastrointestinal bleeding due to
varices, spontaneous bacterial peritonitis, heparic enceph-
alopathy, hepatocellular carcinoma, or death due to liver
cirrhosis; to evaluate the change in laboratory indices of
liver function (serum albumin, prothrombin time, biliru-
bin, and plarelet count}; and, Jastly, to evaluare the change

vweal hemodynamics in a subset of parients at 2 sudse

of centers.
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Additional secondary measures included the semi-
automated mosrphomertric quantitation of collagen
content in liver biopsy specimens following Sirius Red
staining. Hepatitis C RNA levels were assessed via
quantitative HCV RNA branched DNA assay supple-
mented by transcription-mediated amplification assay.
Two commercially avaifable bioassays previously vali-
dated for liver fibrosis in HCV, serum hyaluronic acid
{Corgenix, Denver, CO), and YKL-40 {(Metra Biosys-
tems, Mountain View, CA) were performed. These
ELISAs were performed on serum at baseline, at 24
weeks, and ar the end of therapy. Serum specimens
were centrifuged and frozen at each blood draw to be
analyzed later for serum interferon-inducible T cell-
alpha chemoattracrant {TTAC), monokine induced by
IFN-y (MIG)-9, and interferon-inducible protein
{IP)-10 markers of IFN-vy activity. All liver biopsies
were judged for adequacy, length, and fragmentation
and were graded 0-4 based on percentage of steatosis
present (0 = none; 1+ = >0%-5%; 2+ = 6%-33%;
34+ = 34%-66%; 4+ = >060%).

The safety objectives of the trial were to evaluate the
safety and tolerability of IFN-y1b (100 pg or 200 pg 3
times a week) administered subcutaneously for 48 weeks
as assessed by clinical signs and symptoms and laboratory
measures and to evaluate for the presence of anti-IFN-
v1b antibodies. An independent dara safety moniroring
board was formed to monitor safety. An interim assess-
ment of safery and rolerability was performed after che
first 90 patients had completed 8 weeks of therapy; there-
after, the dara safety moniroring board met approximately
twice yearly. All adverse events were assessed by the inves-
tigator with regard to seriousness, severity, grade (accord-
ing to the modified WHO common toxicity criteria), and
relationship o study drug. All clinical laboratory values
were compared with baseline values, and any change was
tabulated separately. Results of the hemodynamic mea-
surements and morphometric collagen studies are re-
ported separately.

Statistical Analysis. The sample size of 500 patients
(approximately167 per group) was selected to be suff-
cient to derect a difference of 20% between trearments
{e.g., 40% in an [EN-y1b treatment arm versus 20% in
the placebo arm) in the proportion of patients with at least
a 1-point difference in the Ishak liver fibrosis score with a
power of 0.93 in the primary analysis. This calculation
assurned that up to 20% of patients would not have paired
liver biopsies.

The primary efficacy analysis compared the proportion
of parients showing a reduction with pretrearment of 1 or
more poings on the Ishak fibrosis staging score at the week
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48 liver biopsy berween each IFN-y1b dose and placebo
(pairwise comparisons) using the Cochran-Mantel-Haen-
szel test stratified by patient disease status at entry (ad-
vanced fibrosis or cirthosis). The primary analysis
included all parients randomized with intenrion to treat
who received any study drug {modified intent-to-treat
population). Patients without a second biopsy were con-
sidered to have no change.

A secondary analysis of the primary efficacy variable
was conducted on all patients randomized with intention
to treat. Analyses of secondary efficacy measures were per-
formed using the modified intene-to-treat cohort of pa-
tients for clinical end points and the modified intent-to-
treat cohort of patients who had a posttreatment liver
biopsy for histological end points. Cochran-Mantel-
Haenszel methods were employed for categorical out-
comes. ANOVA methods were used for continuous
numerical outcomes. Missing values were not impured for
any variables, meaning thart all missing values were treated
as missing data.

The percent change from baseline 1o week 24 in
ITAC, MIG-9, and IP-10 levels were compared pair-
wise among the treatment groups using the Wilcoxon
rank-sum test. This time point was chosen based on
analysis of a small number of samples showing a peak of
cytokine induction response occuring by week 24 of
therapy.

Logistic regression was used to measure the impact of
the percent change in each biomarker score in predicring
absence of worsening in Ishak fibrosis scores from baseline
to end of study. Significance was determined with Wald’s
chi-square statistic.

Percentages of patients with a =60% change in ITAC
induction were calculated using the total number of pa-
tients with paired biopsy data in each treatment group.
The optimal cutoff point of 60% change in ITAC induc-
tion was determined by maximizing Cohen’s kappa based
on using all observed percent changes in ITAC values
between the 25th and 75th percentiles as potential cur
points.

Fisher’s exact test was used to compare the treatment
groups in terms of patients with percent ITAC induction
grearer than the oprimal ITAC induction point, and to
compare patients above and below the optimal ITAC in-
duction point in rerms of worsening Ishak fibrosis scores,
Logistic regression was also used to measure the impact of
IFN-v dose in predicting nonworsening Ishak fibrosis
scores, with observations weighted by percent ITAC in-
duction. Significance was determined with Wald’s chi-
square statistic. The value of the model was measured
with log likelihood statistics.
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Results
Patient Disposition and Demographics

During the study, 502 patients were randomized at 73
sites, and 488 patients received at least one dose of study
drug; 78% of patients received 2 80% of scheduled doses.
Figure 1 shows the patient disposition.

The mean age was 51.7 years (range, 34-76 years).
Most patients were male (69%) and Caucasian (70%): the
distriburion was approximately equal among treatment
groups. The only statistically significant difference be-
tween groups was in the numbers of males and females in
the 100-ug IFN-y1b group and the placebo group (P =
0.030).

The majority of patients (84%) had cirrhosis at base-
line: 15% had Ishak stage 4 fibrosis and 84% had Ishak
stage 5 or 6 fibrosis. Table 1 presents patient demograph-
ics and selected baseline characteristics, and Table 2 pre-
sents baseline Ishak scores and hepatitis C history. The
mean length of 490 of the needle biopsies was 21 mm
with standard deviation of 8 mm.

Primary Efficacy Analysis

There were no statistically significant differences
among treatment groups in the proportion of patients
who showed a reduction (i.e., improvement) of 1 or more
points on the Ishak fibrosis scote on liver biopsy ar week
48 compared with baseline (Fig. 2).

Additional Efficacy End Points

Worsening Fibrosis. Percentages of patients who
showed worsening of 1 or more points or no change on
the Ishak fibrosis scale were similar across treatment
groups. Mean changes from baseline to final measure-
ment in Ishak fibrosis score were minimal in each of the 3
treatment groups. Baseline steatosis and impact on
changes from baseline in fibrosis were analyzed to deter-
mine if there was a correlation present based on previously
published data. No correlation was detected (Table 3).
There was no correlation of the biomarkers hyaluronic
acid and YKIL.-40 with change in fibrosis on liver biopsy.
This data will be more fully discussed in a separate manu-
script.

Changes in Levels of ITAC, MIG-9, and IP-]0.
Changes in levels of serum ITAC, MIG-9, and IP-10
markers of IFN-y actvity at week 24 were analyzed and
compared with baseline. The percent change in levels of
MIG-9, IP-10, and I'TAC from baseline o week 24 was
significantdy higher in each IFN-y1b group compared
with placebo {# <2 0.001 in all cases). The mean percent
changes from baseline to week 24 in ITAC levels were
significantly higher in the 100-pg IFN-v1b and the
200-pg IFN-y1b group than in the placebo group
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Fig. 1. Patient disposition.

[56.4% = 106.2, 83.9% *+ 115.6, 0.5% = 41.9, respec-
tively (P < 0.001 for both comparisons)] and the mean
percent change in ITAC levels in the 200-pg TFN-vyib
group was significantly higher than in the 100-ug TFN-
v1b group (P = 0.0279).

The mean percent changes from baseline to week 24 in
levels of MIG-9 were significantly higher in the 100-ug
IFN-v1b and the 200-ug IFN-y1b group than in the
placebo group (50.2% = 102.3, 110.2% = 130.5, and
~7.8% = 31.8, respectively [P < 0.001 for both com-
parisons]). The mean percent change in MIG-9 levels in
the 200-ug IFN-¥1b treatment group was significantdy
higher than in the 100-pg IFN-y1b treatment group
(P = 0.001).

The mean percent changes from baseline to week 24 in
levels of 1P-10 were significantly higher in the 100-ug
IFN-y1b and the 200-pg IFN-ylb group than in the
placebo group (50.1% = 80.8,67.7% * 87.8, and 5.4%
= 40,6, respectively [P <0 0.001 for both comparisons}),

Table 1. Demographics and Baseline Characteristics
(MITT Population, N = 488)

IFN- 1B
200 mg 100 mg Placebo
N = 157) {N = 169) {N = 182)
Characteristic n (%) n (%) n (%)
Age a1 screening {years), mean
(range} 51.5(36-76) 52.1{34-73) 51.8(34-71)
Sexz, n (%)
Female 43(27) 65 (38) A4(27)
Male 114 (73) 104 (62) 118 (73)
Race/ethnicity, n (%)
Caucasian 114 (73) 122 (72) 108 (87)
African American 12 (8} 20(12) 18(11)
Astan/Pacific Islander 2(H 2(H) 3{D
Other® 32 6 (4) 4{2)
Body mass index, mean (5D} 29.7 (4.8} 29.9(6.0) 36.4{54)

#The difference between the number of males and females in the 100-pg IFN-y
1b group and in the placebo group was statistically significant (P = 0.030C). This
was the oniy statistically significant difference between groups.

sther includes Asian/Pacific isiander, Filipino, Indian, Middie Eastemn, Native
American/ Alaskan, Spanish, and Sudanese.
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Table 2. Baseline Ishak Score and Hepatitis ¢ History (MITT
Population, N = 488)

1FN-y 1b
200 pg 100 ug Placebo
(N = 157} (N = 169) (N = 162)
Characteristic n {%) n (%} n {%}
Baseline Ishak score
4 Marked bridging 21{13) 32 (19} 21(13)
5 Incomplete cirhosis 52 (33) 4828) 44 (27)
6 Established cizthosis 84 (54) 88 (52) 92 (57)
Probable mode of transmission ’
IV drug use B4 (34) 62 (31 51431)
Blood fransfusion 45 (29) 62 (37} 56 (35}
Sexual transmission 3@ 4(2) 1(1)
Other (including unknown) 55 {35) 41 (24} 54 (33)
Baseline mean HCV RNA levels
{RNA copies/mit) n == 156 n = 169 n = 161
2,679,509 2,911,058 2,698,073
HCV genotype result
1{1a or 15} 140 (90} 141 (84) 139 {(86)
2 4{3 106} 7{4)
3 7 {4} 8(5) b(3}
Mixed, ather, or missing 6 (4} 10 {6) 11(7}

NOTE. Percentages are based on the number of patients in that trestment
graug.

but the mean percent changes in IP-10 in the IFN-vy1b
groups were not significantly different from each other
(P = .1370).

Association of Marker Expression and Change in
Liver Histology. Logistic regression analysis showed that
induction of ITAC {percent change in ITAC levels at
week 24 from baseline) was associated with an absence of
worsening in liver histology using the Ishak fibrosis score
[Wald chi-square statistic = 6.36 (P = 0.017)] (Fig. 3).
In contrast, neither MIG-9 induction nor IP-10 induc-
tion at week 24 compared with baseline was associated
with absence of worsening or with stable liver histology
using the Ishak fibrosis score [Wald chi-square statistic =
2.41 {P = .1203), Wald chi-square staristic = 1.81 (P =
1777), respectively].

IFN-y1b Treatment and Expression of ITAC. Sig-
nificantly more patients treated with either dose of IFN-
v1b had serum levels of ITAC 259.3% compared with
patients receiving placebo (7 < 0.0001 for both compar-
isons). There was a significantly higher percentage of pa-
tients with 260% change in ITAC induction at week 24
from baseline in the 100-ug IFN-y1b treatment group
versus placebo [30 patients (30/91, 33.0%) versus 4 pa-
tients (4/90, 4.4%); P < 0.001] and the 200-pug IFN-v1b
treatment group versus placebo [34 patients (34/87,
39.1%) versus 4 parients (4/90, 4.4%); P << 0.0011. How-
ever, the numbers of patients who had an increase in
ITAC levels of 259.3% in the treatment groups (33%
versus 39% for 100-ug versus 200-ug IFN-v1b groups,
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respectively) were not significantly different from each
other (# = .4366).

ITAC Expression and Histology. Patients who had
=60% induction of ITAC had a significantly berter liver
histology outcome compared with patients wich <60%
induction of ITAC. Only 2 of the 62 patients (3.2%) with
260% induction of ITAC experienced worsening Ishak
scores compared with 27 of the 177 patients (15.3%) with
<60% ITAC induction (7 = (.0118).

IFEN-y1b Treatment and Change in Liver Histol-
ogy. Treatment with either 100 ug or 200 pg IFN-v1b
three times a week is associated with absence of worsening in
liver histology when weighted for ITAC induction [Wald
chi-square statistic = 161.8 (P << 0.0001) for 100-pg IFN-
y1b treatment, Wald chi-square statistic = 8.3 (P == 0.0039)
for 200-pg IFN-y1b treatment, respectively].

IFN-y1b Treatment and Change in HCV RNA
Levels. Five patients in the IFN-y1b groups and none in
the placebo group had undetectable HCV RNA via tran-
scription-mediated amplification while on treatment. In
4 of 5 patients, 3 of whom were not adherent to therapy or
required prolonged dose reduction, viremia recurred

while on TFN-y1b therapy (Table 4).

Safety

IFN-v1b therapy was generally well tolerated. Com-
mon treatment-related adverse events that occurred more
frequently in the IFN-y1b groups than in the placebo
group were those expected with IFN therapy, and in-
cluded (in decreasing order of occurrence) headache, fa-

100 — Change in fshak Scora
7] 2 1 Point Reduction
=] 4o Change

5% TE% Worsen
80 LERiT] (=127}
0%
it e a= 13
o — r— —
E 60 - — — ——
™ — — —
0_ IR A SR
£ — — —
3 a0 — — ——
& o — —
=8 — - -
20— —n — O =
(913?9; {3 in=21) n?:fn W—— ;32’1) % T e
5 — ; E — l S . —
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Fig. 2. Primary end point: proportion of patients showing reduction of
=1 point, no change, or worsening in ishak fibrosis staging score on liver
biopsy at 48 weeks compared with baseline (modified intent-to-treat
population, n = 488).
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Table 3. Baseline Steatosis and Impact on Changes from Baseline in ishak Fibresis Scores Modified Intent-to-Treat
Patient Population

Variabte IFN-200 IFN-100 Piacebo Total P Value
Number of Patients 87 g1 90 268
None 18 (20.7%) 19 {20.9%) 19 (21.1%} 56 {20.9%)
1+ 46 {52.9%) 52 (57.1%) 45 (50.0%) 143 {53,4%)
2+ 231 (24.1%} 20{22.0%} 22(24.4%) 63 (23.5%)
3+ 2{2.3%) 01{06.0%) - A18.4%) 6 (2.2%)
Absent 18 (20.7%} 18 {20.9%) 19{21.1%) 56 (20.9%) 0.9976
Present 69 (79.3%; 72{79.1%) T1{78.9%) 212 (79.1%)
Change in Ishak Fibrosis Seore
Al Patients
Number of patients 71 86 82 238
N¢ Iinprovement 61 (85.9%; 77 (89.5%) 66 (80.5%) 204 (85.4%) 0.2511
Improvement 10 (14.1%} 9 (10.5%) 16 (19.5%) 35 (14.6%)
Patients with steatosis absent at baseline
Number of patients 11 18 17 48
No Improvement 3 (81.8%) 16 (88.9%} 12 (70.6%} 37 (80.4%) 0.3885
Improvement 2{18.2%) 2(11.1%} 5(29.4%) 9 (12.6%)
Patients with steatosis present at baseline
Number of patients 80 68 65 193
Ne mprovement 52 (86.7%} 61 (89.7%) 54 {83.1%) 167 (86.5%) 0.5335
Improvement 8{13.3%) 7(10.3%) 11 {16.9%) 26 (13.5%)

NOTE. The P vaiues are from the likelihcod ratio chi-square test.

tigue, rigors, myalgia, arthralgia, pyrexia, influenza-like
illness, pain, and muscle cramps.

Clinically relevant adverse events are listed in Table 5,
as are the number of patients with dose reductions due to
adverse events and the number of patients who discontin-
ued treatment due to adverse events.

Fificen patients died during the study. Four of 162
(2.5%) patients in the placebo group and 11 of 326 {3.4%)

66 -
50
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Biopsies Were Stable or Improved
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Percent Patients Whose Postireatment Liver

R I
FN-v 10 IFN=y 1o

200 ug 100G g

Flatebo

Fig. 3. Percent of patients with =59% ITAC induction whuse post-
weatment liver histology improved or did not change (histologically
evatuable modified intent-to-treat pepulation with available week 24 [TAC
result, n = 268},

patients in the [FN-y1b treatment groups died. There were
no statistically significant differences in the numbers of
deaths among patients in the 3 groups [P = 0.8048 (two-
sided Fisher exact test)]. Most deaths were due to liver disease
(Table 6). Clinical manifestations of decompensation were
present in 9% to 13% of patients in all 3 treatment groups
and were not significandy different between placebo and
IEN-v1b treatment groups {Table 7).

Discussion

This study demonstrates that IFN-y1b as mono-
therapy for 48 weeks is not effective at reversing advanced
fibrosis or cirthosis in patients with chronic hepatitis C.
IFN-v1b appears to be well tolerated in most patients at
the doses that were evaluated in this trial (100 ug and 200
g thrice weekly). Antiviral efficacy ar 400 ug three times
a week did nor appear to be greater in a pilot trial, and
adverse events were more frequent and severe,® suggesting
that the dose range studied in this trial was adequate.

Two earlier studies provided data relevant to assessing
the portential antifibrotic effects of IFN-y1b in humans.
The first was a randomized controlled study on the effects
of IEN-v1b in idiopathic pulmonary fibrosis, a progres-
sive fibrosing disease of unknown etiology with 2 mean
survival time of 2 to 4 years. Ziesche et al.% conducted an
open-label, randomized, controlled trial comparing the
safery and efficacy of IFN-yib plus low-dose pred-
nisolone (n = 9) with thart of prednisolone alone (n = 9)
in patients with idiopathic pulmonary fibrosis (confirmed
via biopsy or via high-resolution CT). Over the course of
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Table 4. Patients Who Achieved Undetectable HCV RNA
HECV RNA (1t/ml)

Patient Dose Screening Week 4 Week 24 Week 48 Notes

16-007 100ud 46328 <615 883836 Completed treatment through Week 48

20-0222 1060ug 259980 <<glh Dose held at Week 3 and 4, then resumed treatment
at half dose through Week 48

30-012 20008 995022 <615 738945 Compieted treatment through Wesk 48

48-014 2008 11757 <615 2373 Completed treatment through Week 48, skipped 1
dose at Week 43

31-031 100ug 412140 - <615 163263 Completed treatment through Week 48 but became

noncompliant and skipped doses from Week 29
through Week 48

the study, all patients treated with IFN-v1b showed im-
provement in pulmenary function. In contrast, patients
treated with prednisolone alone showed deterioration in
their condition.

The second study was the pilot trial by Saez-Royuela et
al.” evaluating the effect of IFN-y1b on fibrosis in HCV.
A more recent study by Weng et al.? showed that in HBYV,
{FN-7y therapy for 9 months significantly improved fibro-
sis scores (7 = 0.0001). This study was performed in a
much smaller cohort of patients with a different disease
{HBYV rather than HCV),

There are several factors that could have adversely af-
fected a positive outcome in our study. The study did not
explore the impact of longer durations of therapy with or
without concomitant HCV antiviral therapy on liver fi-
brosis nor the impact of IFN-y1b therapy on early-stage
fibrosis. Because our study was the first to use fibrosis
score on liver biopsy as the primary endpoint for treat-
ment rather than ALT, viral load, and histology, we took
a number of risks that may have resulted in failure. In
retrospect, we question whether the proper patient pop-
ulation was selected. It may be too difficult to show a
response in a population with cirrhosis, because these pa-
tients have roughly 15 times more collagen deposition
than those with bridging fibrosis® Pethaps the drug
would have shown benefit in patients with F1-3, rather
than such late-stage disease. The adequacy of the duration
of therapy must also be questioned. A longer duration of
therapy, perhaps 2 years or longer, may be required to
impact liver fibrosis. The HALT-C, Copilot, and EPIC
trials are all designed to analyze effects after 3-5 years of
therapy in advanced liver disease.!0-12

Was the dose adequate? The dose was selected based on
the findings of the idiopathic pulmonary fibrosis trials
and doses of IFN-vIb used in the treatment of chronic
granulomatous disease. It is unlikely that patients would
have tolerated higher dose levels based on constitutional
toxicity and the effects on neutrophils and hemarocrit
seen at the 400 pg dose level in the Soza et al. erial 8 Their

findings suggest that even if higher doses were effective,
they probably would not be clinically tolerated. Qur trial
showed discontinuations of 11% and 14% overall in the
200 pg and 100 ug groups, respectively, as opposed to
6% in the placebo group. These are acceptable discontin-
uation rates and are comparable to pegylated IFN stud-
ies,’*#> but higher rates would not be acceptable.

The risk of underestimation of fibrosis via liver biopsy
is significant.’® However, the chance of underestimation
is reduced dramatically by using paired liver biopsies. Fur-
thermore, the effect of underestimation should be the
same in the treatment and placebo groups. The effects of
steatosis on antifibrotic effects of a drug are unknown;
however, there is clear evidence that steatosis worsens fi-
brosis?”1® and interferes with the effectiveness of IFN-a
therapies.182° [t is plausible that steatosis might interfere
with the antifibrotic effects of IFN-y1bh.

The rate of hepatic decompensation in all 3 groups,
including placebo, was greater than one might expect
based on the Fattovich dara for HCV. In our study, we
saw a 9% rate of decompensation over 1 year, whereas the
Fattovich data would suggest a rate closer to 3%-4%.2!
These higher rates are likely a reflection of the rigid en-
rollmenc criteria based on adequate biopsies, lessening the
probability of underestimation of fibrosis stage on biopsy
and due to the higher weights and steatosis stage of U.S.
patients compared with European patients in the Fattov-
ich trial, both of which are independent predictors of
progression. The HALT-C trial rates of progression are
similar after 1 year.!® Portal hypertension outcomes were
not significant and will be presented in a separate manu-
script.

There were 5 patients with a transient decrease in HCV
RNA to undetectable levels, so perhaps there is 2 modest
antiviral effect in a small percentage of patients. These
results do pot suggest there would be synergistic antiviral
effects of IFN-a and IFN-y1b; however, 3 publications
suggest synergy exists iz virro.**?¢ Furthermore, other
synergistic effects, both positive (antifibrotic) and nega-
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Table 5. Incidence of Adverse Events (AEs} and of Dose
Reduction, and Drug Discontinuation Due to AEs

FN-yib
200pg 100 .8 Placebo
(N = 157) (N = 1869) (N = 162}
Variables n (%} f {%} (%)
Adverse Events
Patients with any AE 156 (99} 168 (99) 161 {39)
Biood and lymphatic disorders 32 (20) 25 (15) 18 (11)
Neutropenia 1G (6) 9 (5} B (4)
Grade 3 or 4 neutropenia 4(3} 4 (33 4]
Thrombocytopenia 7 (4} 4 (2} 7{4)
Grade 3 or 4 thrombocytopenia {1} o] 2{1)
Anemia 5(3} 3(2) 5¢(3)
Grade 3 or 4 anemia 1 1{1) 3(2)
Endocdne disorders 1{1) 1{1) 0
Hypothyroidism 1(1) 0 0
Grade 3 or 4 hypothyroidism o] 0 0
Eye disorders 29(18) 22013 22 (14}
Gastrointestinal disorders 100 {64) 102 (60) 90 (56)
Nausea 36{23) 42 (25) 41 (25)
Grade 3 or 4 nauses 1{1) 21 0
Diarshea ] 24{15) 24 (14) 31 (19
Grade 3 or 4 diarhea G 1(1) 0
General disorders and
acministration site
Conditions 141 {993 148 (88) 1315 (71)
Fatigue 71145) 65 (38) 61 (38)
Grade 3 or 4 fatigue 342) 412} 3(2)
Pyrexia 54 {34} 52 (31) 21 (13
Grade 3 or 4 pyrexia 1(1) 3(2) 4]
influenza-like iliness 3522} 372 (19) 23(14)
Grade 3 or 4 influenza-like
iliness 2(H 6] 0
Peripheral edema 19 (12} 3018} IB(1L
Grade 3 or 4 peripheral edema 0 ] 1
Infections and infestations 54 (34} 84 (53) 69 (43)
Musculosketetal and connective
tissues disorders 108 (69} 107 {63) 90 (56)
Myalgia 50 (32} 52 (31 34(21)
Grade 3 or 4 myaigia 3(2} 1{h 0
Psychiatric disorders T7{49) 81 {48} 82 (51)
Daprassion 22 (14) 27 {16} 32209
Grade 3 or 4 depressicn i) 21 0
Patients with respiratory, thosacic,
and mediastinal disorders 67 {43) T72(43) 87 (41)
Dose reductions due to AEs 12 (8) 8 (5) 4 (3)
Study treatment discontinuations
due to AEs 22 {14) 18 (1) S {6)
Due to bloed and lymphatic
disorders 443) L 4]
Due to genersal disorders and
adminisiration site conditions 6(4) 442) 3D
Due to musculoskeletal and
connective tissues disorders 6 {4} 2(1) 0
Myalgia 21 11} 0
Due to psychlatric disorders 7{4) 2{1} 32

tive (hematological or systemic toxicities}, could occur. A
pilot dose—escalated, phase 2 trial evaluating the safety
and tolerability of combination of IFN-y1b and daily
dosing of consensus IFN is currently in progress.
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Our study suggests an association berween ITAC in-
duction and improvement or no change in liver fibrosis
(i.e., no worsening) during IFN-y1b therapy. The mech-
anism undetlying this association is not clearly under-
stood. However, hypotheses may be derived from dara
generated in another fibrotic disease, namely pulmonary
fibrosis. Studies in the mouse bleomycin-induced pulmo-
nary fibrosis model suggest that exogenously adminis-
tered ITAC can reduce collagen deposition, procollagen
gene expression, histopathological fibroplasia, and extra-
cellular matrix deposition in the lung.?” In addition,
I'TAC reduced angiogenic activity and the total number
of endothelial cells in the lung, suggesting that inhibition
of pulmonary fibrosis is the result of inhibition of aberrant
vascular remodeling. Tt is conceivable that a mechanism.of
action similar to that which inhibits neovascularization by
suppressing angiogenesis?®?* may account for the corre-
lation between ITAC expression and improvement in
liver fibrosis in response to IFN-y1b therapy. Should this
correlation be replicated in future studies, ITAC levels
could potentially emerge as a useful predictor of response
to IFN-y1b antifibrotic therapy in chronic hepatits C.

In conclusion, IFN-ylb as a monotherapy for 48
weeks is not effective at reversing advanced fibrosis or
cirrhosis. IFN-y1b appears to have some antiviral effect in
a minority of patients and seems to be well tolerated in
most patients. The biomarker [TAC may be useful o
determine if subgroups of patients with Ishak scores of
<5-6 may benefit from IFN-y1b alone or in combination
with IFN-a. The study did not explore the impact of
longer durations of IFN-y1b therapy, with or withour
concomitant HCV antiviral therapy, on liver fibrosis or
the impact of IFN-y1b therapy on early-stage fibrosis.

Table 6. Patients Who Died on Study {(MITT Population,
N = 488)

Patient Treatment® Relatedness Age Primary Cause of Death

1 IFN-160 Possibly related 49 Decompensated cirhosis
2 IFN-100 Unrelated 67  Unknown
3 IFN-100 Untelated 41 Mvyocardial infarction
4 IEN-100 Linrelated 51  Gi bleed
5 IFN-100 Possibly refated 52 Multi-organ failure
g IFN-200 Possibly related 53 Accidental overdose of heroin
7 IEN-200 Unrelated 68  Mullisystern organ failure
8 IFN-200 Unrelated 51  Intractable Gl bleed
g JFN-200 Unrelated 61  Hepetorenal syndrome

10 IFN-200 Unrelated 46 Upper Gl bieeding

11 IFN-200 Possibly related 50 Suicide

12 Plagebo Unrelated 50  Unknown

13 Placebo Unrelated 58  Alberosclerctic cardiovascular

disease
14 Placebo Unrelated 56  Hepatoceliular carcinoma
15 Placebo Unsetated 55  Multisystem faiture

HFN-100 = 100 ug iFN-y 1b; IFN-200 = 200 ng iFN-y 1b.
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Table 7. Clinical Manifestations of Decompensation (MITT Popuiation, N = 488)

iFN-y 1b
Placebo
200ug (N = 15T} 100ug (N = 169) (N = 162)
B (%) n (%) n (%)

Number of patients with clinical manifestations of decompensation 21 {13%) 16 (9%) 15(9%)
Type of clinical manifestations of decompensation

Ascites 15 (7%) 8 (5%) 7 (4%)

Gl bleeding due to varices 5(3%) 2(1i%) 1{1%)

Spontaneous bactenal peritonitis G 1(1%) 1{1%)

Hepatic encephalopathy 6 (5%) 10 (6%) 6 (4%)

Hepateeelizlar carcinoma 3(2%) 2(1%) 3(2%)

Death due o liver cirrhosis 1(1%) 3 (2%) 1(1%)

NOTE. Seven patients did not have hepatic degompensation assessments. Percentages are based on the number of patients in that treatment group.
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