Oral IDN-6556, an Antiapoptotic Caspase Inhibitor,
May Lower Aminotransferase Activity in Patients with
Chronic Hepatitis C
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Increased rates of apoptosis (programmed cell death) have been demonstrated in many hepatic
diseases including chronic hepatitis C. IDN-6556 is a potent inhibitor of caspases, the proteases
that execute apoptosis. In a prior phase 1 study, IDN-6556 lowered aminotransferase activity in
a small number of patients with liver impairment. The purpose of this stady was to further
explore the effect of IDN-6556 in patients with liver disease in a multicenter, double-blind,
placebo-controlled, dose-ranging study with a 14-day dosing period. A total of 105 patients were
enrolled in the study; 79 received active drugs 80 patients had chronic hepatitis C and 25 had
other liver diseases including nonalcoholic steatohepatitis (NASH), hepatitis B, primary biliary
cirrhosis (PBC), and primary sclerosing cholangitis (PSC). IDN-6556 doses ranged from 5 mgto
400 mg daily, given from 1 to 3 times per day. In the HCV patients, all doses of IDN-6556
significantly lowered ALT and AST (P = 0.0041 to P < 0.0001 for various dosing groups in
Wilcoxon tests comparing IDN-6556 to placebo), with the exception of the lowest dose. Declines
in aminotransferase activity were also seen in patients with NASH but effects were not apparent
in the small number of other liver diseases. Adverse experiences were not different between
IDN-6556 and placebo. There were no clinically meaningful changes in other laboratory param-
eters. In particular, mean HCV RNA levels did not show significant changes. Conclusion: Oral
IDN-6556, given for 14 days, significantly lowered aminotransferase activity in HCV patients
and appeared to be well tolerated. Longer studies to assess potential effects of IDN-6556 on liver
inflammation and fibrosis are merited. (HepatoLogy 2007;46:324-329.)

rogrammed cell death or apoprosis is a tightly con-  that cleave a series of cellular subscrates during the execu-
trolled process of cellular suicide that occurs during  tion phase of apoptosis. Caspases are activated from their
normal development, normal tissue turnover, and  inactive zymogen forms {procaspases) when a cell is Trig-
in numerous diseases.” Caspases are proteolytic enzymes gered to undergo apoptosis. IDN-6556 is 2 novel broad-
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spectrum caspase inhibitor with activiry against all tesced
human caspases. IDN-6556 is a specific and irreversible
caspase inhibitor that shows no inhibition of other classes
of proteases or other enzymes or receprors.? [DN-6556
has been shown to have activity in animal modeis of liver
disease in which apoprosis is thought to contribute to the
pathogenesis. For instance, apoprosis has been described
in a model of liver Aibrosis occurring after ligarion of the
mouse bile duct. In this model, application of IDN-G556
suppresses apoptosis and infammation and prevents liver
fibrosis.* In a rac model of ischemia/reperfusion injury
during liver transplangacion, IDN-6556 lowered amino-
transferase activicy and umproved liver function.”

In human hepatic disease the presence of increased
tevels of apoprotic cells in the liver has been demonstrared
in heparicis C,>¢ hepatitis B,” nonalcoholic steatchepatitis
{(NASH),® acute alcoholic hepatitis,”* primary biliary
cirrhosis (PBC), avtoimmune heparios,'t and afrer fiver
cransplantation.’ ' Furthermore, in heparidis C the
number of apoprotic cells presenc in liver biopsies have
been shown to correlate with the grade of inflammarion.’

IDN-6556 was rested earlier in a phase 1 study in
human volunteers by intravenous administration.’¢ In the
phase 1 study, local phlebitis in the vein used for intrave-
nous administration occurred and was a dose-limiting
toxicity. Otherwise the drug was generally well tolerared.
A group of 16 volunteers with elevated aminotransferase
activity were also studied: including patients with hepati-
tis C, probable nonalcoholic facty liver disease, alcoholic
liver disease, and others without a known diagnosis. Ad-
ministration of IDN-6556 led to a significant decline of
ALT and AST levels in this group.'®

The purpose of the study reported here was ro explore
the safety and efficacy of IIDN-6556 given by oral admin-
istration for the first time in patients with liver disease. In
pasticular, the study focused on effects on aminotransfer-
ase activity and HCV-RNA levels in a large subgroup of
patients with hepatitis C.

Patients and Methods

Study Design

We enrolled 105 patients in a multicenter, double-
blind, placebo-controlled. dose-ranging study with 14
days of IDN-6356 administered orally. We designed this
trial te explore the effects of a range of doses and dosing
intervals, but we did not design it as a formal, paralie]
group dose response study. We assigned § patients o each
dosing group. with 6 patients receiving active drug and 2
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three rimes daily (T1D)}]. For the patieats with heparids B,
NASH, PBC, and primary sclerosing cholangitis (PSC},
we tested a single dosage (100 mg BID). The protocol was
approved by the Institutional Review Boards of all parric-
ipating centers. All enrolled partients agreed to participa-
rion by written informed consent. The study protocol
conforms to the ethical guidelines of the Declaration of
Helsinki including subsequent amendments and clarifica-
tions through 2001 (hop://www.wma.net/e/ethicsunit/

helsinki.him).

Patient Selection and Procedures

We designed inclusion and exclusion criteria to al-
low patients with compensated liver disease into the
study. We accepted patients into the study if they had
ALT or AST elevations between 1.5 and 10 times the
upper limit of the normal range and fibrosis stages FO
through F3 on a liver biopsy performed within 36
months of enrollment. We excluded patients wich cir-
rhosis on biopsy or decompensated liver disease. A roral
of 80 patients had a diagnosis of heparitis C and 90% of
these were infected with HCV genotype 1. We ac-
cepred HCV patients for enrollment if they had HCV
RNA (IPCR} > 106° 1U/mL and no other cause for liver
disease based on their liver biopsy. We defined patients
as having NASH if their liver biopsy demonstrated at
least 1+ steatosis and ballooning hepatocytes with in-
flammarion and/or fibrosis. We defined patients as hav-
ing PBC if they had a positive antimitochondrial
antibody rest, characteristic changes on liver biopsy,
and an elevation of serum alkaline phosphatase. Pa-
tients with PSC had characteristic features on cholan-
giogram and a negative serum antimitochondrial
antibody test. We defined patients as having hepatitis B
by a positive serum test for hepatitis B surface antigen,
a titer of HBV DNA (PCR)> 10* copies/mL by the
Roche COBAS TagMan HBV DNA assay (lower level
of detection <X56 copies/ml.}, and no other cause for
liver disease. Darta for pretreatment HBYV DNA and
serology were unavailable for some pacients, making it
unclear whether they had acute or chronic disease. We
discarded viral responscs in these patients from our
final analvsis because of this uncertainty.

The baseline characteristics of the patients are summa-
rized in Table 1. There were no significant differences in
sender, age, or viral genotype for the rreared groups versus
the placebe groups. We saw the parients ar screening and

baseline visits before dosing and we saw them frequently
during the treatment and postereatment follow-up peri-

o,
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Table 1. Baseline Characteristics of 105 Patients
with Liver Disease

Characteristic Value (%)
Sex
Female n = 41 (3%
Male n = 64 (61}
Age (ysars) 47.3
Diagnosis
Hepatitis C n o= 80 (76)
Hepatitis B n =13 (12
NASH 1= 5 (5)
PBC or PSC n=T7TI{7)
If HCV-positive
Genotype
1 72 {90}
2 5 (6}
3 34

Dose Selection and Treatment Schedule

The study covered an 80-fold dose-range, from S mg 1o
400 mg daily, administered orally, QD, BID, or TID.
Consistent with the exploratory nature of the study, we
unblinded each dosing group after the completion of the
14-day dosing period prior to the decision for dose-ad-
justment for the following dosing group. Although we
designed the study to accept parients with all liver dis-
eascs, all but 1 of the first 40 patients had a diagnosis of
HCV. We continued dose-ranging in groups with HCV
patients; 2 groups of patients received 5 mg BID, and
overall, we exposed patients to doses ranging from 5 mgto
400 mg daily. We opened diagnosis-specific dosing
groups during the further course of the study to evaluate
different disease populations more formally, Smaller
numbers of patients with HBV, NASH, PRC, or PSC all
received a fixed dose of 100 mg BID.
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Fig. 1. ALT: percent change from basaline, QD dosing, means = SEM
are shown.
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We conducted compliance for drug dosing (via pill
counts) at all visits. Overall compliance was excelient
{=98%) in each dosing group.

Monitoring

We performed blood and serum anaiyses at screening
and baseline visits and on days 1, 2, 3, 7, 10, and 14
during the treatment period, and on days 15, 18, 21, 28,
and 35 during an observation and follow-up period. In
patients with hepatitis C or B, we obtained viral RNA or
DNA levels at baseline and on days 7, 14, 21, and 35. In
females with reproducrive potential, we performed a preg-
nancy test at the screening visic. We included physical
exams art the screening visic and on days 1, 7, 14, 21, 28,
and 35. We monitored and assessed adverse events at
every visit.

Statistical Analysis

We examined absolute and relative peak changes in
aminotransferase activity during the dosing period by
Wilcoxon test for pairwise comparison and by one-way
analyses of variance. We used the mean of screening, base-
line, and day 1 values immediately before the first dose of
the drug as the baseline for calculation of relative changes.
Peak changes used for the calculations all occurred on
days 14 or 15. The significance level used was 0.05 for all
tests.

Results

IDN-6556 lowers aminotransferase activity in FICY
patients. All doses of 5 mg BID and above Jed to a statis-
tically significant decrease of aminotransferase levels. In
the QD dosing groups, the mean ALT decrease at day 14
or 15 ranged from 31% (200 mg QD) to 41% (25 mg
QD). In the BID and TID dosing groups the ALT de-
crease ranged from 39% (50 mg BID) to0 56% (100 mg
BID) (Figs. 1 and 2). AST responses were of a similar
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Fig. 2. ALY percent change from basgline, BID and 7D dosing,

means = SEM are shown,
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Fig. 3. Change in HCV-RNA tevels in 80
patients with HCY

magnitude (data not shown). The lowest dose of 5 mg
QD showed a mean ALT reduction of 22% (P <0 0.05)
and a corresponding AST reduction of 15% (not signifi-
cant). Wilcoxon tests for pairwise comparisons of the rel-
ative peak AL'T changes showed thar all HCV trearment
groups above 5 mg QD were significandy different from
placebo (Pvalues ranging from 0.0041 to <0.0001). BID
and TID dosing was apparently more efficacious than
QD dosing. Otherwise there was no apparent dose-re-
sponse above the 5 mg QI dose. All the patients with
HCV showed an improvement in AL'T or AST actvites.
However, a minority of the patients normalized their
ALT or AST values; this approached 50% in the BIL and
TID dosing regimens, bur was only 20% for the QD
dosing,

In the 26 placebo parients the mean aminotransterase
value remained essendally unchanged (ALT at day 14 was
increased by 4.3; not significant).

HCV-RNA Does Not Increase During Treatment
with IDN-6556

Figure 3 demonstrates that HCV-RNA levels re-
mained stable within 1 log unit during the study with the
exception of 1 patient who received 100 mg BID. This
patient’s viral RNA levels declined below the derection
limit during the observation and follow-up peried. How-
ever, during further observation this patient’'s HCV-RNA
returned ro prestudy levels. Under a protocol amend-
ment, we re-treated the patient with IDN-65356 for a
month. During this second treatment period HCV levels
remained unchanged whereas aminotransferase activity
declined as during the previous treatment period.

Decreased Aminotransferase Activity in Patients
with Other Liver Diseases
e srudied patients with diagnoses other than chronic

sepatitis O who recelved IDN-6556 in various disease

specific groups; all received 100 mg BID. These groups
included: {1) NASH (n = 35); (2) chronic cholestatic dis-
orders [PSC {n = 2}, PBC {n = 3), and secondary biliary
cirrhosis (n = 23]; and (3) chronic hepatieis B (n = 13).
The hepatitis B patients included a group of 9 patients
with untreated hepatits B whom we recruited in the Re-
public of Georgia and a subsequent group of 4 patients we
recruited at U.S. centers. Due to the small patient num-
bers, we presented no formal statistical analysis. In pa-
tients with NASH or HBV, mean AL'T decreased by 59%
and 47% from baseline, respectively, similar to patients
with HCV, although there was more variability in both
the placebo and drug-treated patients with HBV than
with HCV (Fig. 4).

Patients with chronic cholestatic disorders showed less-
clear responses. One PSC patient experienced a flare in
aminotransferase activity, which their investigator as-
cribed to preexisting cholangitis. The second PSC patient
showed a 34% decline from day 1 ALT. The 3 PBC
patients showed variable declines of 10%, 26%, and 53%.
However, there were no meaningful changes in alkaline
phosphates levels in these patients.
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Fig. 4. ALT percent change from baseline, 100 mg BID dosing,
means o SEM in 4 patients with NASH are shown,



328 POCKROGS ET AL,

Table 2. Summary of Adverse Evenis Across All Dose
Groups: Events with Incidence >1 in Treatment Groups

IDN-6556 Placebo
{n = 78} {n = 286}
Adverse Event
{MedDRA Preferred Term) a % ] %
Patients with any event 39 49 14 54
Abdominal pain {upper) 8 8 0 0
Dyspepsia 5 8 0 G
Fatigug 6 8 3 12
Dizziness ¢} 8 0 g
Headache 8 8 1 4
Nasopharyngitis 5 6 1 4
Diarhea 4 5 4 15
Nausea 4 5 4 15
Arthralgia 3 4 0 0
Abdominal pain 2 3 2 =S
Abdominal distension 2 3 2 8
Dry mouth 2 3 1 4
Flatulence 2 3 4] g
Pain 2 3 1 4
Dyspeusia 2 3 ] 0
Pharyngolaryngeal pain 2 3 2 8
Prusitus 2 3 1 4

Abhreviation: MedDRA, Medical Dictionary for Regulatory Activities.

Safety

Adverse events were generally mild and brief (Table 2).
Overall, there were no significant differences between pla-
cebo and drug-treated partients, Patients on active treat-
ment reported a higher frequency of “upper abdominal
pain,” whereas the placebo patients reported a higher fre-
quency of “abdominal pain” and “abdominal distension.”
There was no clear dose relationship of adverse evenrs
across the 80-fold range of doses studied (data not
shown). In the previous phase 1 study, 3 patients had
temporary increases of aminotransferase activity after dis-
continuation of treatment.'® In this study, we defined
aminotransferase “overshoot” as a >50% increase above
baseline afrer discontinuation of treatment. One patient
with NASH experienced such an overshoot, with an ALT
value of 372 U/L ar day 18 compared to 178 U/L at day 1.
Upon further observation, ALT returned to 239 U/L at
day 35. In addition, the PSC patient mentioned above
with a flare of preexisting cholangitis during IDN-6556
therapy also met the criteria for overshoot after the end of
treatment. No other patient met the criteria for overshoot
during rthe follow-up peried after discontinuation of
TDN-6556. There was no evidence for the development
of hepatocellular carcinoma in any of the 105 parients
studied during the treatment and follow-up periods.

Discussion

This study demonstrates thar IDN-6556 can reduce
aminotransterase activity rapidly and significanty in pa-
tients with chronic HCV infection during a 2-week dos-

HEPATOLOGY, August 2007

ing period withour apparent drug-related adverse
experiences. We observed a similar trend in the patients
with HBV and NASH, although we did not perform
statistical analysis in these groups. The changes in hepatic
enzymes in the small group of patients with chronic cho-
lestaric disease were unclear. We presume that the effect of
IDN-6556 on aminotransferase activity is due to its anti-
apoprotic effect, preventing the death of hepatocytes and
thus preventing the release of aminotransferase acriviry,
although this point remains unproven. la chronic liver
diseases, apoptosis may occur as a result of death receptor
signaling, in particular acrivation of the Fas path-
way.1718 JDN-6556 can effectively block Fas-induced
apoptosis in vitro and in animal models.>? Thus it is
possible that suppression of aminotransferase levels is, in
part, due to a decrease of Fas-induced death of hepato-
cytes. The efficient reduction of aminorransferase activity
caused by IDN-6356 raises the question whether IDN-
6556 can affect the natural progression of chronic liver
disease. Other agents known to lower aminotransferase
activiry such as sitymarin and ribavirin {(when used alone)
do not have significant effects on disease progression. 192
However, these agents lower aminotransferase activity
much more slowly and presumably by different mecha-
nisms. Longer studies with 1IDN-6556 are needed to de-
termine whether it can affect endpoints such as serum
markers of apoptosis, inflammation, and fibrosis on liver
biopsy and ultimately clinical outcomes of chronic liver
disease.

In this 14-day study, we observed no apparent drug-
related adverse events, However, the mechanism of action
of IDN-6556 as an antiapoptotic caspase inhibitor has
raised theoretical safety concerns in the past. In particular,
we postalated that inhibition of apoptosis in patients with
virus infections might increase the viral load by keeping
virus-producing cells alive. In this study no clinically
meaningful increase in either the HCV or HBV viral load
was apparent.

Another theoretical area of concern was the possibiliey
that inhibition of apoprosis could lead to the accumula-
tion of blood cells in tissues with rapid cell turnover. In
this study no drug-effect on accumulation of blood cells
was apparent. The apparent lack of mechanism-based side
effects in this study may be due to the redundancy in
apoprotic signaling pathways. Caspase inhibitors like
[DN-6556 can efficiently block death-recepror-mediated
apoptosis in the “extrinsic” death pathway.! However, in
other models, caspase inhibition can only delay but not
prevent cell death mediated through mitochondrial dys-
funcrion and the “inerinsic” death pathway.! Caspase in-
hibitors cannot block any caspase-independent parhways.



HEPATOLOGY, Vol 46, No. 2, 2007

A third potential area of concern was the occurrence of
an aminotransferase fare or overshoot after withdrawal of
IDN-6656. One patient in this study and 3 pacients in a
previous study experienced overshoot of aminotransferase
activity after discontinuation of the drug.'® In all cases,
aminotransferase activity spontaneously returned toward
the bascline on further observation. To prevent or sup-
press such overshoot of aminotransferase acrivity, in fu-
ture studies we should consider tapering regimens instead
of abrupt drug withdrawal.

A fourth and final area of concern is the risk of devel-
opment of cancer with the use of a potent antiapoprotic
caspase inhibitor. Because of this concern, we excluded
patients from enroliment in this scudy if they had cirrhosis
or elevation of alpha-fetoprotein levels, and we limited the
duration of treatment to a 14-day dosing period. Future
studies with a longer duration of treatment will require
caretul and long-term follow-up of patients for the devel-
opment of hepatocellular carcinoma, especially those with
cirrhosis due o HCV or HBV.

We did not design this study as a formal dose-re-
sponse study, and therefore limited conclusions about
differences berween doses can be made. However, we
evaluated an unusually wide range of doses in this study
(80-fold or 1.4 log), and alchough there was no clear
dose-response relationship across the various doses (ex-
cept for 5 mg given QD thar appeared to be less effica-
cious), QD dosing was less efficacious than more
frequent dosing. However, we did not idenrify a dose
that had no efficacy, so the minimally effective dosage
is unknown. A subsequent study is evaluating the dose-
response refationship of BILY dosing in larger numbers
of patients and to determine the minimally effective
dosage. In conclusion, longer and farger studies with
[DN-6556 are merited to further assess the drug’s
safety and efficacy with chronic administration.
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