Treatment of Chronic Hepatitis C With Consensus Interferon:
A Multicenter, Randomized, Controlled Trial
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This multicenter, randomized, conirolled, double-blind,
phase 111 study in 704 patients with chronic hepatitis C infec-
tion compared treatment with consensus interferon (CIFN),
a non-natural recombinant type-1 interferon, with a standard
regimen of recombinant interferon alfa-2b (IFN-a:2b). Patients
were randomized to receive CIFN at doses of 3 ug or § pg,
or 15 pg TFN-a2b (3 million units), subcutaneously three
times weekly for 24 weeks, foliowed by 24 weeks of observa-
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tion. Efficacy was assessed by normalization of serum alanine
transaminase (ALT) concentration and decrease in seruin hep-
atitis C virus (HCV) RNA concentration below the Himit of
detection by reverse-transcription polyrmerase chain reaction
(RT-PCR} (100 copies/ml). The beneficial effect of CIFN was
greater with the 9-ug dose than the 3-ug dose. The sustained
ALT and HCV RNA response rates were 20.3% and 12.1%,
respectively, in the 9-ug CIFN cohort and 19.6% and 11.3%,
respectively, in the 15-gg IFN-02b cohort. However, patients
receiving 9 pg of CIFN had a greater reduction in serum HCV
RNA concenirations compared with patients receiving 15 pg
IFN-a2b over the course of treatment (P < .01). Similarly,
analysis of patients infected with HCV genotype 1 showed 2
greater reduction in serum HCV RNA concentration over the
course of treatment for the 9-ug CIFN group when compared
with the 15-ug IFN-a2b group (P < .01). In addition, a greater
percentage of patients infected with HCV genotype 1 treated
with 9 pg CIFN had undetectable HCV RNA concentrations
when compared with patients in the 15-ug IFN-w2b cohort
at the end of treatment (24% vs. 15%; P = .04). Improvements
in Hver histology were noted in all three treatment groups;
52% to 55% of the patients in the three cohorts had ar least
a 2-unit improvement in the Knodell score at the end of the
postireatment period. The adverse-evenis profiles were char-
acteristic of treatment with type-1 interferen, and the inci-
dences of anti-interferon antibody formation did not signifi-
cantly differ among the three treatment groups. These results
show that administration of 9 pg CIFN three dmes weekly
for 6 months is safe and is effective in reducing serum HCV
RNA concentration. (HEPATOLOGY 1997,26:747-754.)

Hepatitis C virus (HCV) is a heterogeneous group of posi-
tive-stranded RNA viruses of the Flaviviridae family." Before
the implementation of blood screening for HCV, it was the
most common cause of posttransfusion non-A, non-B hepati-
tis in the Western world. Currently, intravenous drug abuse
is the most frequently cited source of HCV exposure.” As
estimated by healthy blood donors in the United States with
anti-HCV antibodies, the prevalence of HCV infection varies
from 0.3% to 1.5%.” The clinical manifestations of acute
hepatitis C are insidious, but a large proportion of paiients
develop chrenic hepatitis thar may progress to cirrhosts and
hepatoceliular carcinoma.” Extrahepatic clinical manifesta-
ticns are ancommon, but may tnclude skin rashes, glomeru-
lonephritis, and cryoglobulinemia.” In patients with chronic
hepatitis C, the serum bilirubin is usually normal, but serum
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aminciransferases may fluctuate for many years with levels
in the range of 100 to 200 1U/L.°

Alfa interferons are currently the only therapies approved
for reatment of HCV infection. The standard regimen is 3
million units administered subcutaneously three times per
week for 6 1o 12 months, However, approximately half of
the patients do not respond te the standard regimen, and, of
those who do show a response, 30% to 80% will relapse
within 6 months of discontinuation of therapy.”" Thus, the
overall long-term response rate is low. In many of the early
trials, the definition of a response was an improvement or
normalization of serum aminotransferases. However, with
the development of the reverse-transcription polymerase
chain reaction {RT-PCR), it has become apparent that HCV
RNA is a better indicator of response than surrogate markers
such as serum aminotransferases.’’ HCV RNA was detected
in 10% to 40% of patients with normalized serum amino-
transferase ievels after treatment with interferon.'*"? Thus,
serum HCV RNA may be a more relevant determinant of
ireatmnent efficacy than serum aminotransferases, In addition,
pretreatment HCV RNA levels appear to be 2 better prognos-
tic predicior of response to interferon therapy than serum
aminotransferases.'”

Consensus iaterferon (CIFN) (Amgen Inc., Thousand
Oaks, CA) is a non-natural, synthetic, recombinant type-1
interferon derived by aligning the sequences ol the then-
known interferon alfa (IFN-} nonallelic subtypes, and as-
signing the most commonly observed amino acid in each
position.”>'® The biclogical activities of CIFN have been
compared with other recombinant type-1 interferons (IFN-
o2a and IFN-a2b) on an equal mass basis, and the results
have shown that CIFN has significantly greater natural killer
cell activation, antiviral, antiproliferative, and gene-induc-
tion activities.'"'® This may be due to the increased affinity
of CIFN for type 1 interferon receptors relative to other alpha
interferons.’” The following report describes a multicenter
phase 3 study that was conducted 1o 1) evaluate the salety
and the efficacy of two dose levels of CIFN in chronic HCV-
infected patienis, as measured by changes in serum alanine
transaminase (ALT) and HCV RNA concentrations; and 2}
compare the response to treatment with CIFN with the re-
sponse to a standard regimen of IFN-a2b (Schering Corp.,
Kenilworth, NjJ.

PATIENTS AND METHODS

Patient Population. From February 19, 1993, through December
14, 1993, 821 patienis were enrolled under protocol at 41 centers,
including 34 in the United States and 7 in Canada. To be eligible
for enrollment. patients had to meet the foillowing criteria; positive
for HCV RNA as measured by RT-PCR assay; serclogically docu-
mented HCV infection by enzyme-linked immunoassay; liver biopsy
within 12 months of enroliment confirming 2 diagnosis of chrenic
hepatitis; serum ALT concentrations at least 1.5 times the upper
limit of normal within 4 weeks of enrollment; and documentation
of elevated ALT concentrations for a minimum of 3 months before
study enrollment. In addition, all causes of chronic liver disease
other than HCV had te be excluded by appropriate chinical and/or
laboratory evaluation. Patents were excluded from this siudy if
ihere was a history (previcus 5 years) of malignancy or depression:
human immunodeficiency virus infection: evidence of decompen-
sated liver disease; prior use of interferon preparation, chemother-
apy, or other agents that could influence treatmeni cuicomes: and
thyroid abnormality in which normal thyroid lunciion cannet be
mainwined by medication.
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Of the 821 pattents (728 U.S.. 93 Canada) whe were envolled in
the 12-week pretreatment observation period, 704 were randomized
into the double-blind treatment study. Seventy-four of the 117 pa-
tients (63.29%) who were not randomized nto the study were with-
drawn because of failure to sausly the eligibility criteria. There were
232, 232, and 240 patients randomized into the 3-ug CIFN, %-ug
CIFN, and 13-pg IFN-a2b coliorts, respectively. Six hundred thirty-
two patients (89.8%) completed 24 weeks of treavment, and 591
patients (83.9%) completed the 24-week posttrearment ohservation
period. Each patient gave written informed consent to participate
in the study. The protocol, protocol amendments, and informed
consent forms were approved by the Institutional Review Board of
each study center. The Declaration of Helsinki on experimentation
in humans was observed in all aspects of this study.

Study Design. This was a mulitcenter, double-blind, randomized,
parallel-group study in patients with chronic HCV infection. After
a 12-week prewreaument observation period, patients were randomly
assignied 10 one of three weatment cohorts: 3 pg CIFN, 9 ug CIPN,
or 15 pg IFN-2b (approximately equivalent to 3 MU}® Therapy
was administered subcutaneously three tmes per day (at least 48
hours apart) for a total of 24 weeks. At the end of the treatment
period, patients entered a 24-week postireatment observation period
to evaluate the duration of response. During the study, patients
mainiained a daily journal that included the doses of blinded study
drug administered. concomitant medications taken, and any adverse
events experienced. Dam presented herein are for the end of the
treatment perted and for the end of the observation period.

Identification of Genotypes. The patients’ HCV genotypes and sub-
types were identified at baseline through a modification of the spe-
cific line probe assay (Inno-LiPA system Innogenetics NV, Zwij-
naarde, Belgium), as described by Stuyver et al.™ Briefly, primers
complementary to the conserved sequences of the 37 untranslated
region of the different HCV genotypes were used in the RT-PCR
reactions. HCV RNA was extracted {rom patients' sera and amplified
by RT-PCR with the incorporation of bietinylated dUTP. Oligonu-
cleotide probes (16-mers), specific for the different HCV genotypes
and subtypes, were immobilized as parallel lines on membrane
strips and then hybridized with the patients” amplified viral com-
plementary DNA. After hybridization, streplavidin labeled with
alkaline phosphatase was added. Incubalion with nitro-blue
tetrazoliunvx phosphate/3-bromo-4-chloro-3-indolyi-phosphate-4-
toluidine sakt powder chromogen resulted in a purple-brown precip-
itate. The HCVY genotypes were designated according to the nomen-
clature proposed by Simmonds et al.”!

Assessment of Efficacy. The primary efficacy endpoint in this study
was measured by changes in serum ALT, while secondary efficacy
endpoints included serum HCV RNA, liver histology, dillerences
in response rates between the two interferons, and ALT and HCV
RNA responses by HCV genotvpe. All of the endpoints with the
exception of the laiter were defined prospectively.

Serum ALT. Patients’ baseline serum ALT concentrations were
calculated as the average of the four ALT concentrations determined
during the screening and pretreatment observation periods. Serom
ALT concentrations measured at the end of the 24-week treatment
and posttrearment observation periods were used to determine re-
sponse. Response to therapy was determined both quantiatively
{reduction in serum ALT) and gualizatively (propordon of patients
with normalization of serum ALT). The latter was defined as a
decrease in serum ALT concentration 1o =48 U/l

Serym HCV RNA. The baseline serum HCV RNA concentration
lor each patient was calculated as the mean of the HOV RNA concen-
trations determined at weeks —12 and 0. In addition, serum HCV
RNA concentrations were determined at weeks 12, 20, 24, 36, 44,
and 48 Response to therapy was determined both quantiatively
{reduction in serum HCV RNA) and qualiatively {proportion of
patients with serum HCV RNA that are below the Hmits of detec-
Hon). Serum HCV RNA was determined by & guantiative muliicvele
RT-PCR method (National Genetics Instituie, Culver Chiy, CA).
which has a lower limit of sensitivity of 100 copies/mi. Briefly,
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RNA was extracted from serum using guanidium thiocyanate/phe-
nol/chloroform mixture, followed by ethanol/ammonium precipita-
tion. Reverse transcription was initiated using random hexadeoxyri-
bonucleotide primers that were allowed 1o anneal o the RNA
remplates, followed by reverse wranscription using Moloney-Murine
leukemia virus reverse transcriptase. The complementary DNA was
then amplified in four separate PCRs for 25, 30, 33, or 40 cycles,
each of which were subjected to gel electrophoresis and Southern
blouing. The Seuthern blot membranes were scanned and quanti-
tated by densitometry and compared with a standard curve. The
assays were performed at the National Genetics Institute (Culver
City. CA) by technicians who were blinded to the patients’ study
treatiment.

Liver Histology. Liver biopsy specimens were obiained within the
12 months before enrollinent and at the end of the posttreatmen:
observation period {week 48). Pre- and postireatment liver biopsies
were performed on 697 patients. However, only 594 and 487 of the
pre- and postireatment biopsies, respectively, were adequate for
evaluation. Thus, there were a total of 426 patients with pre- and
postireatment liver biopsies that were evaiuable. Pre- and postireat-
ment biopsy specimens were reviewed by a single pathologist (Dr.
J. Craig), who was blinded with respect to treatment group, patient
wlentification, and the chronclogical order of the biopsies in each
pair. A liver biopsy was judged adequate for evaluation i the speci-
men was =1 cm in length and contained at least three portal areas.
Biopsy specimens were diagnosed as chronic hepatitis C, cirrhosis,
or nonspecific changes. The latter category included diagnoses of
minimal changes, faty liver, and mononucleosis patiern. 1n addi-
tion, biopsy specimens were graded with respect to the degree of
periportal necresis, intralebular necrosis, portal inflammation, and
fibrosis according to the histological activity index (HA1) devised
for asymptomatic chronic active hepatitis, as described by Knodell
et al.?® The distribution of the pretreatment Knaodell scores was
comparable amang the weatment groups.

Assessment of Safety. All adverse events, serious adverse events,
dose-limiting toxicities, vital signs, physical findings, and laboratory
test results were evaluated for safety. All adverse evenis thai oc-
curred during the study and were observed by the investigator or
reported by the patient were recorded and graded for severity ac-
cording 1o the World Health Organization criteria. Patients were
withdrawn from the study if there was an unacceptable toxicity, a
greater than 14-day dose interruption, or greater than two dose
reductions of study drug, noncompliance, and/or evidence of he-
patic decompensation.

Detection of Anti-Interferon Antibodies. All serum samples were as-
sayed in both an Amgen radicimmuncassay specifically developed
to detect antibodies to CIFN, as well as by a commercially available
assay (ANAWA Laboratorien AG, Zurich, Switzerland) designed (o
detect antibodies to IFN-a2b. Both of these assays were performed
al a commercial laboratory (CEDRA Corp., Austin, TX).

Statistical Analysis. All patients who were randomized o the dou-
ble-blind treatment period were included in the intention-to-treat
analysis, while patients who received at least one dose of study
medication were included in the safety evaluation. All hypothesis
tesis were two-tailed, and statistical significance was assessed at the
0.05 level, unless otherwise noted. The significance level lor the
primary comparison between 3 ug CIFN and 9 pg CIFN each, with
15 ug IFN-ae2by, was adjusted using the Bonlerroni method.

Dawa were summarized using descriptive staiistics, and patient
data listings were provided. Means and standard deviations were
compuied for continuous data. Categorical data were summarized
using frequency and incidence rates, and 95% conflidence intervals
around peint estimates were provided.” Response classifications of
outcome data (ALT and HCV RNAY were tabulated and analyzed
by 1reatment group using a x° test of associaiion. Multivariate re-
peated-measures ANCOVAs, conwrolled for baseline values, were
conducted on the quantative changes in log-transformed HCV
RNA conceniration over the course of treatment and over the entire
atment period combined with the cbservation period).

study (i
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Statistical tests were conducted firs:, without including center or
treatmeni-hy-center interactions. If subsequent analyses revealed no
statistically significant treatment-by-center interactions exhibiting
differences in the direction of the treatment response, centers were
pooled for point estimates and confidence intervals. P values were
provided for treatment main effects without treatment-by-center
interactions in the model.

RESULTS
Patient Population

The haseline characteristics in the three treatment groups
are summarized in Table 1. The mean age of the patients at
entry into the study was 43 years, and the majority of patients
were male (>>70%) and white (>80%). Intravenous drug
abuse (43.4%) and transiusion (23.7%) were the muost fre-
quent suspected modes of HCV acquisition. The mode of
HCV acquisition was not determined in 21.6% of the patients.
Evaluable liver biopsies were available from 594 of the 704
randomized patients (84.4%) before the administration of
study drutg. The majority of the patients had chronic hepatitis
C{73.9%), and 16.5% had cirrhosis, The distribution of his-
tological diagnoses within the three treatment cohorts is pre-
sented in Table 2. More patients with a histological diagnosis
of cirrhosis were randomized to the 3-ug (20.2%) and 9-ug
(17.6%) CIFN cohorts than to the 15-ug IFN-a2b cohort
{11.9%).

There were no significant differences between the three
treatment groups in baseline serum ALT, albumin, bilirabin
concentration, and other laboratory parameters (prothrom-
bin time) judged 1o be clinically relevant in staging the sever-
ity of liver disease (Table 1).

Genotype

The distribution of HCV genotypes among patients in this
study showed a predominance of infection with genotype 1
(67.8%). The remaining genotypes were, in order of decreas-
ing frequency, 3a (12,6%), 2b (10.4%), & (0.3%), 2a (3.5%),
and others (0.9%). Thirteen patients {1.8%) were infected
with more than cne genotype. The genotype could not be
determined in 4 patients (0.4%). The HCV genolypes were
evenly distributed within the three treatment groups.

Assessment of Efficacy

Serum ALT Response. At baseline, the mean serum ALT con-
centrations were 140 & 61, 147 *= 63, and 151 + 70 U/L in
the 3-pg CIFN, 9-ug CIFN, and 15-ug IFN-a2b cohorts,
respectively. The mean serum ALT concentrations decreased
to 118 = 106, 84 = 82, and 84 = 73 U/L at the end of the
24-week treatment period, but increased to 124 + 81, 107
* 74, and 108 = 76 at the end of the 24-week postirearment
observation period in the 3-ug CIFN, 9-ug CIFN, and 15-ug
IFN-aZb cohorts, respectively (Fig. 1). Qualitatively, 16 8%,
42.2%, and 36.7% of the patients in the 3-ug CIFN, 9-ug
CIFN, and 15-ug IFN-¢2b cohorts, respectively, had normal-
ization of their serum ALT concentrations at the end of the
24-week treatment period. However, by the end of the 24-
week postireatment observation period, 6.5% of patients
treated with 3 pg CIFN, 20.3% of patients treated with 9 ug
CIFN, and 19.6% of patients treated with 15 pg IFN-a2h
had serum ALT concentrations that were within the normal
range.

There was a significant difference in the distribution of
ALT response rates by genotype at the end of the 24-week
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TasLE 1. Patient Characteristics at Baseline

CIFN 3 ug CIFN & ug IN-lb 15 pg
(n=232) (n = 1232) = 240) P
Age (yr)* 43.4 = 10.3 42.7 = 10.1 42.8 » 89 6691
Race
White 193 (83.2% 186 (80.2%) 194 (80.8%) 935%
Black 18 (7.8%) 17 (7.3%) 23 (9.6%)
Hispanic 15 (6.3%) 23 (9.9%) 17 (7.1%)
Asian 3 {2.29%) 5 (2.29%) 5 (2.1%)
Other 1 {04%) 1 {0.4%) 1 {(04%)
Sex
Male 168 {72.4%) 167 {72.0%) 173 (72.1%) RS
Female 64 (27.6%) 63 (28.0%) 67 (27.9%)
Mode of HCV Acquisition
Intravenous drug use 94 {40.5%} 106 {45.7%) 100 (44.2%) H9BF
Transfusion 62 (26.7% 52 (22.4%) 33 (22.1%)
Health care worker 12 (3.2%) 8 {3.5%) 13 (5.4%)
Other 16 (7.0%) 15 {6.5%) 15 (6.3%)
Unknown 48 (20.7%) 51 (22.0%) 33 (22.1%
Laboratory measures {units)®
Albumin {g/L) G4 41 = 3 41 £3 1017
Alkaline phosphatase (U/L} 2+ 37 85 *+ 36 85 = 31 0247
ALT (U/AL) 1403 = 60.7 146.7 = 63.0 150.5 + 60.9 .228%
Bilirubin (mmol1) 146 1446 13zx6 A5
PT {sec) 131 13 =+1 13+ 1 17
PTT {sec}¥ 3¢ x4 30 £ 4 30x 4 F09T
* Mean # SD.

+ Comparison among treatment groups analyzed using ANOVA methods.

% Comparison of the distribution of patients among treatment groups analyzed using the x? test for homogeneity.

treatment pertod. Higher response rates were observed for
those patients infected with genotypes 2 (54%) and 3 (55%)
than for those infected with genorype 1 (23%) (P < 001},
At the end of the postireatment observation period, the ALT
response rates were 16% and 18% for patients infected with
genotypes 2 and 3, respectively, and 10% for patients infected
with genotype 1 (P <0 .001). This difference was independent
of the treatment group. Table 3 summarizes the ALY response
rates {percent of patients with normal serum ALT concenira-
tions) by genotype for the three treatment groups at the end
of the reatment and postireatinent observation periods.
HCV RNA Response. The mean serum HCV RNA concentra-
tions in the 3-ug CIFN cohort decreased 26% from 2.88 +
1.69 X 10° copies/mlL at baseline t0 2,13 + 2,12 x 10° copies/
ml. following 24 weeks of therapy. The decrease in the mean
serum HCV RNA cencentration was greater in the 9-ug CIFN
dose cohort, decreasing 56% from 2.93 = 1.76 X 10° copies/
mlL to 1.28 = 1.94 x 10° copies/mL after 24 weeks of treat-
ment (Fig. 2}, By comparison, the mean serum HCV RNA

Tasre 2. Histological Diagnosis

CIFN 3 ug
{n = 232}

CIFN 9 ug
{n = 232)

1FN-a2b 15 ug

Diagnosis (n = 240}

35 {15.1%)
193 (83.2%)
4 (17%)

Not evaluable
Evaluable
Not available

32 (13.8%)
199 {85.8%)
1 (0.4%)

36 (13.0%)
202 (84.2%)
2 (0.8%;

Nenspecific changes 15 (7.8%: 18 (5.0%; 16 (7.9%3
Chronic hepatitis C 138 {71.5%) 143 (71.9%) 158 {¥8.2%)
Cirrhosis 39 {20.2%) 35 {17.6%; 24 {11.8%)
Other 1 (0.3%) 3 (1.5%) 301.5%:
Missing 0 (0.0%) 0 (0.0%3 L {0.5%)

concentration decreased 49% from 2.79 = 1.78 X 10° copies/
mb to 1.41 * 1.93 X 10° copies/mL in the 15-ug IFN-a2b
cohort (Fig. 2). Multivariate repeated-measures ANOVA,
controlled for baseline viral load, revealed statistically signifi-
cantly greater reductions in log-transformed HCV RNA con-
centration for the 9-ug CIFN group than for the 15-ug IFN-
a2h group over the course of treatment (P < .01}, and over
the course of the entire study (P < .01).

Pratreatment
Observation

Interferon Treaiment Postrreaimern Observation

2007

150 4.

1004

Mean Serum ALT Goncentration (/L)

50+
g g 1 ¢ i 1 : i "
0 4 & 12 16 20 24 28 32 36 40 44 48
Study Week
| Treabment Group - CIFN 3 ug ~---- CIFN 8 ug IFN 15 ug
Fig. 1. Mean Serum ALT concentrations. Changes in serum ALT con-

centrations (UrL) in patients with chronic HCV during the presreatment
observation and postireatment observation periods. Patienis were treated
with 3 pg CIFN, 9 ug CIFN, or 15 pg IFN-a2b for 24 weeks.
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TaslE 3. Percentage of Patients With Normal ALT Levels by Genotype

CIFN CiFN TFN-a2b
3 ug 9 ug 15 pg
End of Treatment*
Genotype 1 (n = 478} 11% 30% 28%
Genotype 2 (n = 112} 31% 74% 54%
Genotype 3 {n = 89) 37% 6%% 38%
End of posttreatment observation®
Genotype 1 (11 = 478) 2% 14% 14%
Genotype 2 (n = 112} 17% 39% 36%
Genotype 3 (n = 89) 22% 27% 25%

* Data presented exclude 2 patients with genotype 6; 13 patients with
mixed genotype; G patienis with genotypes other than 1, 2, 3. or &; and 4
patients who were unable 1o be genotyped.

The percentage of patients with serum HCV RNA less than
100 copies/mL was determined to define responders to ther-
apy at the end of the 24-week treatment and at the end of
the 24-week postireatiment observation periods. At the end
of the treatment period, 6.5% of patients treated with 3 ug
CIFN, 34.9% of patients treated with 9 yg CIFN, and 27.1%
of patients treated with 15 ug IFN-a2b had serum HCV RNA
concentrations helow the limits of detection of the RT-PCR
assay. However, by the end of the postireatment observation
period, 2.6%, 12.1%, and 11.3% of the patients in the 3-ug
CIFN, 9-ug CIFN, and 15-ug IFN-a2b cohorts, respectively,
had serum HCV RNA concentrations below the limits of
detection of the RT-PCR assay.

There were significantly higher response rates in patients
infected with HCV genotypes 2 (39%) and 3 (48%), com-
pared with those infected with genctype 1 (14%) at the end
of the treatment period (P < .001), independent of the treat-
ment group (Table 4. Differences of the same magnitude
were noted at the end of the postireatinent observation period
(data not shown). Furthermore, analysis of HCV RNA con-
centrations showed differences in the response to CIFN or
IFN-22b ameng patients infected with genotype 1. For pa-
tients infected with HCV genotype 1, there was a statisticaily

Pretreaiment interferon Treatrment Postireatment Observation
- Observation
g 10000000 5
@
2
B
2
2 ]
T 10000004
= -
&
E
z
§ 100,000 -
=3
G
=
= |
i . -
= 10,000 - T e
g
@
i=]
wd
=
& 1000 . — T - — .
= G 4 B 12 16 20 24 2B 32 356 40 44 48
Study Week
i Treatment Group - CIFN3ug ~- - -~ CIFN g ug IFN 18 ugJ
FI1G. 2. Mean log HCV RNA concentraiions. Changes in log serum HCV

RNA concentrations {copies/mL’ in patients with chronic HCV during the
pretreatment observation, treatment, and postireatinent observation periods.
Patients were treated with 3 ug CIFN, § pg CIFN, or 15 ug IFN-a2b for
24 weeks.

TONG ET AL 751

Tasie 4. Percentage of Patients With Undetectable
HCV RNA by Gentoype

CIEN CIFN [FN-a2b
3 ug 9 ug 15 pg
End of wreatment*
Genotype 1 (n = 478) 4% 24% 15%
Genotype 2 (n = 112) 6% 63% 46%
Genotype 3 (n = 89) 22% 58% 61%
End of postireatment cbservation*
Genotype 1 (n = 478) 2% 8% 4%
Genotype 2 (n = 112) 3% 21% 23%
Genotype 3 (n = 88; 7% 5% 28%

* Data presented exclude 2 patients with genotype 6; 13 patierss with
mixed genolype; & patients with genotypes other than 1, 2, 3, or 6; and 4
patients who were unable 1o be genotyped.

significantly greater number of responders at the end of the
treatment period in the 9-pg CIFN cohort than in patienis
treated with 15 pg IFN-a2b (24% vs. 15%; P = 04). The
percentage of HCV genotype 1 patients with complete viro-
logical responses at the end of postireatment observation was
8% for patients treated with 9 ug CIFN and 4% for patients
treated with IFN-o2b. In addition, multivariate repeated-
measures ANCOVAs revealed a statistically significantly
greater reduction in the change of the log-transformed HCV
RNA concentrations in the 9-pg CIFN group for patients
infected with HCV genotype 1, compared with the 15-ug
iFN-a2b group over the course of treatment (P < .01), and
over the course of the entire study (P < .01).

Liver Histology

There were a Lotal of 426 patients with pre- and postereat-
ment liver biopsies that were evaluable. The mean change
in the Knodell HAT score among all patients (cirrhotic and
noncirrhotic) was —1.73, —2.01, and —2.03 units for the 3-
pg CIFN, 9-ug CIFN, and 15-pg IFN-a2b groups, respec-
tively, The change in the HAI score was attributed primarily
to reductions in inflammaton (periportal necrosis, intralobu-
lar degeneration, and portal inflammation). The inflamma-
tory component of the Knodell HAL score decreased 1.71,
1.76, and 2.03 usits in the 3-pg CIFN, 9-pg CIFN, and 15-
g IFN-02b cohorts, respectively. There was at least a 2-unit
improvement in the HAI score at the end of the posttreatment
period in 52% t0 35% of the patients in the three cohorts.
There were no statistically significan: differences among the
three treatment groups (Table 3). Although the 3-ug CIFN
treatment dose was not as efficacious as the 9-pg CIFN dose
in suppressing serum HCVY RNA and ALT, there were no
differences in the improvement in the Knodell HAT score
between the two groups.

Relationship of ALT and HCV Responses to Liver Histology

The relationship between HAL scores and serum ALT and
HCV RNA response rates was examined using ANCOVAs
with adjustments made for haseline HAI score (Table 6.
Treatment group, serum ALT or HCV RNA response at the
end of the postireatment observation period, and the pres-
ence or absence of cirrhosis were included in these analyses.
Patients who were responders by the ALT or HCV RNA
criteria had statistically significantly greater improvements
in HAI scores, compared with patlents who were not ALT
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Tasie 5. bnprovement in Knodell HAT Scores

CIFN 3 ug

CIFN 9 ug IFN-wb 15 ug

No. Improved/ %

Neo. Improved/

% %

MNo. Improved/

A 2 units No. Evaluable* tmproved No. Evaiuable® {mproved MNo. Evaluable® Improved
All patients* 71/136 52.2% 78/143 54.6% 80/147 54.4%
MNoencirrhotics 38/109 §3.2% 62117 53.0% 714131 54.2%

13/27 48.2% 16/26 61.5% 9716 36.3%

Cirrhoetics

* Patlents with evaluable biopsies both pretreatment and posttreatment.

or HCV RNA responders (P << 001 for both cemparisons).
Thus, normalization of serum ALT concentration and reduc-
tion of HCV RNA to below-detectable levels correlates with
improved liver histology.

Anti-Interferon Antibody Formation

The percentages of patients who developed binding anti-
bodies to interferon were similar in the 9-ug CIFN (11.4%)
and 15-ug IFN-a2b (14.7%) cohorts. However, the antibody
responses were transient, and less than 4% of the patients in
either cohort developed neutralizing antbodies. The pres-
ence of these antibodies did not alfect efficacy (data not
shown).

Adverse Events

Of the 704 randomized patients, 697 patients who received
ar least one dose of study drug were included in the safety
evaluation group. The adverse events most frequently associ-
ated with interferon administration were constitutional “flu-
hike” symptoms (fatigue, fever, rigors, arthralgia, myalgia,
headache, or diaphoresis), which were reported in 94%, 97%,
and 99% of patients in the 3-ug CIFN, 9-pg CIFN, and 15-
g IFN-a2b cohorts, respectively. The vast majority of these
complaints occurred early in treatment and diminished with
time. Other adverse events that were reported in =25% of
patients in the 9-ug CIFEN cohort included pharyngiss, back
pain, diarrhea, abdominal pain, nausea, inscmnia, depres-
sion, and nervousness. The majority of the adverse events
was reported by the investigators as mild to moderate in
severity, and similar types of adverse events and frequency
of occurrence were seen in ali treatment groups.

Psychiatric adverse events, particularly nervousness and
depression, were reported at least once during the follow-up
visits in approximately 50% of patients in the three treatment
groups. However, these infrequently resulted in the instim-
tion of anti-depressant therapy (7% to 10%}, dose reductions

TasiLe 6. Mean Changes in HAI Score From Baseline by ALT
and HCV RNA Responses

Mean Change in HAZ Score
From Baseline

CIFN CIFN IFN a-2h

3 pg 9 pg 15 pg
HCV RNA responders {n = 28}t ~4.867 —3.18 ~4.19
HCY RNA nonresponders {n = 398) - 1.66 ~1.74 —1.80
ALT responders (n = 36374 -3.17 ~4.13 —4.35
ALT nonresponders (o = 370} —1.57 -~1.58 —1.54

* Response at end of postireatment observation period (week 601
P < 001 for responders vs. nonresponders in all 2 cohoris,

(3% to 6%), or withdrawal from the study (1% to 49%), and
were comparable across the wreatment groups. Nonetheless,
psychiatric adverse events were the most common cause lead-
ing to withdrawal from the study, accounting for 46.7% of
the 45 patients withdrawn from the study. In the 9-ug CIFN
and 15-pg IFN-a2b cohorts, 9 of the 16 patients in each
group (56%) who were withdrawn from the study were with-
drawn for psychiatric adverse evens. In contrasi, only 3 of
the 13 patients (23.1%) whoe were withdrawn from the study
in the 3-ug CIFN cohort were withdrawn for psychiatric
adverse events, suggesting that these events may be dose-
related.

Lahoratory abnormalities associated with CIFN therapy
included decreases in erythrocyte, white blood cell, and
platelet production. However, only decreases in the absolute
neutrophil (<500 mm’} and platelet (<50.000 mm?) counts
necessitated dose reductions. A dose reduction for neutro-
penia occurred in two patients, one each in the 9-pg CIFN
and 15-ug TFN-a2b cohorts. By comparison, 1% of patients
treated with 3 pg CIFN and 3% of patients treated with either
9 pg CIFN or 15 pg IFN-a2b had thrombocytopenia thas
required dose reductions. However, these iaberatory abnor-
matities did not result in infectious complications or clini-
cally important bleeding. Alterations in thyroid function were
also reported in 4% 10 9% of the patients in the three cohorts,
Hypothyroidism occurred in 1% to 4% of the patents, while
hyperthyroidism occurred in 1% to 3% of the patients. Thy-
roid abnormalities rarely necessitated dose reduction {one
patient) or withdrawal from the study (two patients).

DISCUSSION

Chronic hepatitis C is an insidious infection that may pre-
gress to cirrhosis in approximately 25% of patients with
chronic HCV infection.” Underscoring the morbidity and
mortality associated with chronic HCV infection, 15% to 30%
of the liver transplantations performed in the United Siates
are for complications associated with chronic hepatitis C.'°
Therefore, improvements in the medical therapy of chronic
HCV infection would clearly be beneficial in this patient
population. The current approved therapy for chronic hepati-
tis C is alfa interferons. The results from this randomized,
double-blind trial show that CIFN is safe and effective ther-
apy in the treatment of chronic HCV infection.

Historically, the normalization of serum ALT concentra-
tions has been regarded as the most cinically relevant param-
eter in assessing the efficacy ol antiviral therapy. The data
from this study showed tha: CIFN induced a rapid decrease
in serum ALT concentrations following the inivagon of ther-
apy in both the 3-ug and 9-ug CIFN cohorts. The mean
serum ALT reached a nadir 6 weeks after the initarion of
CIFN therapy at 89 U/L and 73 U/ in the 3-pg and 9-ug
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CIFN cohorts, respectively. Similarly, a nadir in serum ALT
concentration was noted in patients treated with 15 g IFN-
alb (74 U/L) at 8 weeks. Because the efficacy of the 3-pg
CIFN dose was less than that observed in the 9-ug CIFN
cohort, only the data from the latzer group will be used for
comparison with the ITFN-a2b cohort. At the conclusion of
the 24-week trearment period, 42.2% of patdents treated with
9 pg CIFN had normal serum ALT concentrations, compared
with 36.7% of patients in the 13-ug IFN-a2b cohort. How-
ever, serumn ALT is only a surrogate marker for efficacy,
because it does not directly assess the presence and replica-
tion of the etiologic agent of this disease.” Conversely, HCV
RNA has been shown io be an independent factor for pre-
dicting response to interferon therapy.'” Therefore, a direct
measure of HCV, such as quantitation ef serum HCV RNA
concentration, may be a better determinant of elficacy than
serum ALT concentration.

Recen: advances in molecular biclogy new enable the di-
rect measurement of HCV RNA concentrations by the RT-
PCR assay. The data from this study represent the first time
the impact of interferon therapy on HCV RNA concentrations
has been examined in a large. prospective, randomized, dou-
ble-blind study. CIFN caused a dramatic decrease in HCV
RNA concentrations, By multivariate repeated-measures AN-
COVA, the 9-ug CIFN cohort showed a statstically signifi-
cantly greater decrease in log-transformed HCOV RNA concen-
trations, as compared with patients in the 15-ug 1FN-a2b
cohort over the treatment period (P <2 01}, These data indi-
cate that CIFN treatment significantly reduces HCV RNA
when compared with treatment with IFN-a2b. Although the
guantitative assessment of HCV RNA suggests that CIFN
reduces HCV RNA to a greater extent than 1FN-a2b, the
number of patients with undetectable HCV RNA at the end
of the observation period was not different. Thus, 34.9% of
the patients treated with 9 yg CIFN had undetectable levels
of HCV RNA at the end of the 24-week treatment period
versus 27.1% for IFN-a2b, and 12.1% had undetectable levels
of HCV RNA at the end of the postireatment observation
period compared with 11.3% for patients treated with IFN-
a2, These data, coupled with the observation that the re-
sponsces at the end of reatment are better than postreatment,
may indicate that longer treatment or the use of higher con-
centrations of interferon may improve the sustained re-
sponse. In addition, studies are currently in progress to ad-
dress the elficacy of re-ireating patients who have relapsed
with higher doses of CIFN therapy.

The natural history and response to interferon therapy of
chronie HCV infection has been shown by many studies 1o
be influenced by a variety of host, viral, and other factors.
Among viral factors, HCV RNA jevel and genotype have been
identified as being useful in prediciing the success of treat-
ment with IFN-@2b." In patients with low levels of HCV
RNA, response rates are comparably good. regardless of geno-
type.”” However. high viral loads, such as those present in
HCV genotype 1, have resulted in poor therapeutic re-
sponses, as measured by ALT normalization and reduction
in serum HCV RNA.""™ The lower response rates for therapy
with both CIFN and IFN-a2b in patients with genotype 1
are in accord with similar findings in other stidies of type 1
IFN therapy.” " This has significant clinical implications.
because the majority of the patients in the United States are
infected with HCV genotype 1.7 However, the present data
show for the first tme that there was a statistically signifi-
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cantly greater number of genotype 1 patients responding to
@ ug CIFN when compared with genotype 1 patients receiv-
ing 15 pg IFN-a2b for 24 weeks (24% vs. 15%; P = .04).
Although not statistically significant at the end of posutreat-
ment chservation, the trend in HCV RNA response rates in
genotype 1 patients treated with 9 pg CIFN (8%) versus 15
pg IFN-a2b {4%) may have important clinical implications,
especially if higher doses and/or a longer period of therapy
with CIFN results in a higher proportion of hepatitis C pa-
tients responding to interferon therapy, as has been shown
in other studies.””®

In addition to biochemical and virelogical markers, CIFN
alse improved liver histology, which, like HCV RNA, has
been suggested to be another direct assessment of the efficacy
of interferon therapy.” In this study, 53.2% and 54.6% of
patients treated with 3 and 9 ug CIFN, respectively, showed
at least a 2-unit improvement in the Knodell HAL score at
the end of the posttrearment observation period. Similariy,
54.4% of the patients treated with 15 pg 1FN-a2b had at
least a 2-unit decrease in the Knodell HAI score. A decline
in the Knodell HAI score was noted in both the cirrhotic and
noncirrhoetic patients. The improvement in the Knodell HAI
score was attributed primarily to improvements in the in-
flammatory components, i.e., portal inflammation, periportal
necrosis, and iniralobular degeneration. The greater percent-
age of patients with improvement in hver histology relative
1o those with a biochemical or virological response (as de-
fined by serum ALT and HCV RNA concentrations) suggests
that alfa interferons may exert a beneficial effect upon the
liver, even in patients whe are incomplete responders.

An important observation with respect to patient manage-
ment is the positive correlation found between biochemical
and virelogical parameters of treatment efficacy and improve-
ment in liver histology with interferon therapv. These data
indicate that ALT normalization and reduction in HCV RNA
to helow-detectable limits may both be reliable predictors for
histological liver improvement. The greatest improvements
in HAI scores were observed in patients who had normalized
serum ALT concentrations or who became HCV RNA-nega-
tive. Because ALT concentrations and HCV RNA are readily
measured from serum, a second liver biopsy with its atten-
dant morbidity and potential mortality may not be necessary
in the management ol chronic HCV patients treated with
interferons.

Therapy with CIFN was well tolerated, although adverse
events were frequently reported. The adverse-effects profile
of CIFN and the frequency of occurrence were similar to
that reported for the 15-pg IFN-a2b group. Flu-like symp-
toms were reporied in greater than 94% of the patents in
the three treatment regimens, usually during the birst month
of therapy, However, these symptoms were mild to maderate
in severity, and the patients were treated symptomatically
with analgesics such as aspirin and acetaminophen. Psychiai-
ric symptoms, particularly depression, were the most com-
mon adverse events resulting in withdrawal from the study.
The most common laberatory abnormalities were neutro-
penia, thrombocytopenia, and alierations in thyroid hor-
mones. These adverse events and laboratory abnormalities
are similar to what has been previously reported for type 1
interferon therapy. "

in conclusion, the results of this study show that CIFN
provides a clinically important treatment that is safe and
effective in patients with chronic HCV infection. Sustained
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serum ALT and HCV RNA responses and ilmprovements in
liver histology were achieved with CIFN therapy. The data
also indicate that CIFN may be more effective than IFN-
a2h in reducing HCV RNA after 24 weeks of therapv. More
importantly. in patients infected with HCV genotype 1, 24
weeks of 9 pg of CIFN therapy is more effecdve than a
similar duration of IFN-a2b in lowering serum HCV RNA
concentrations. Thus, by providing a greater virological re-
sponse without additional toxicity against the most prevalent
HCV genotype, CIFN offers the potential for a beneficial
alternative in the treatment of patients with chronic hepatitis
C infection.
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