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Abstract. Objective: To evaluate the
safety of IDN-6556, a novel anti-apoptotic
pan-caspase inhibitor, administered in single
and multiple ascending doses in normal vol-
unteers and patients with hepatic dysfunction.
Materials and methods: IDN-6556 was ad-
ministered as a 30-minute intravenous infu-
sion in rising doses to 3 groups: Group A, nor-
mal volunteers, given as a single infusion,
Group B, normal volunteers, given q.i.d. for 7
days, Group C, patients with hepatic impair-
ment (elevated transaminases, alanine trans-
aminase, ALT and aspartate transaminase,
AST), given q.i.d. for 7 days. Results: The
drug was well tolerated up to 10 mg/kg/infu-
sion for a single dose, and 1.5 mg/kg/infusion
q.i.d. for 7 days, with the dose-limiting ad-
verse event of phlebitis or inflammation at the
site of the infusion. This toxicity was pre-
dicted from animal studies. Clinically and
statistically meaningful dose-related falls in
transaminases were seen in all but 1 of the
hepatic impaired patients. Two-way ANOVA
analyses of the changes for all the IDN-6556
groups combined versus placebo were: ALT
absolute change: p < 0.0001 and % change:
p = 0.012, AST absolute and % changes:
p <0.0001. After discontinuation of the drug
(after 7 days of dosing), the transaminases
rapidly returned to the pre-treatment levels.
Conclusions: Following intravenous admin-
istration of a novel anti-apoptotic caspase in-
hibitor, adverse events were mild-to-moder-
ate in severity, resolved in a few days and did
notresult in any subject terminating treatment
prematurely. The effects in hepatic impaired
patients appear to be consistent with both the
administration and subsequent abrupt with-
drawal of an effective hepatoprotective drug
that delays cell death in hepatocytes.

I_n_troduction

Apoptosis, a ubiquitous biological pro-
cess also known as programed cell death, oc-

curs after a cascade of intracellular enzymes
(the caspases) is activated. Drugs that can in-
hibit apoptosis have the potential to maintain
normal function in tissues with excessive
apoptosis following a pathological insult.
IDN-6556 is a novel small molecule, irrevers-
ible caspase inhibitor that prevents apoptosis;
it is believed to be the first anti-apoptotic
caspase inhibitor to enter clinical trials. There
are numerous caspases that exist in slightly
different forms and IDN-6556 is a potent, se-
lective inhibitor of all the key enzymes, in-
cluding caspases 1, 3, 6, 7, 8 and 9. Caspases
are synthesized as inactive procaspases,
which become active after proteolytic cleav-
age. IDN-6556 is a selective enzyme inhibitor
and binds to and inhibits activated caspases
only.

[n addition to normal housekeeping func-
tions in the liver, apoptosis is believed to play
a role in a number of hepatic diseases (re-
viewed in [Galle et al. 1995, Patel and Gores
1995]). These diseases include alcoholic hep-
atitis [Natori etal. 2001, Ziol etal. 2001], hep-
atitis B and C (HBV, HCV) [Bantel et al.
2001, Pianko et al. 2000] and ischemia/re-
perfusion injury associated with liver trans-
plant [Gao et al. 1998, Natori et al. 1999].

IDN-6556 was shown to prevent apo-
ptosis in a number of cellular assays and to be
effective in animal models of liver disease
and dysfunction. In vivo, caspases are acti-
vated during apoptosis and before an eleva-
tion of liver enzymes in plasma indicative of
liverdamage. IDN-6556 was evaluated for ef-
ficacy in 2 acute animal models of cytokine-
mediated hepatic cell apoptosis. These mod-
els include using an agonistic antibody to the
Fas ligand to produce a fulminant hepatitis
within hours, and a lipopolysaccharide/d-ga-
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lactosamine model of hepatitis. In both these
models, the compound was effective at
submilligram doses per kilogram body weight.
The data suggest that IDN-6556 is equally ef-
ficacious when dosed i.v. (intravenous), p.o
(oral), i.m. (intramuscular), or i.p. (intraperi-
toneal) [Hoglen et al. 2003].

IDN-6556, administered intravenously,
was tested for subacute toxicity in rats and
monkeys in a number of studies. The major
dose-limiting toxicity was inflammation in
the veins used for the infusions. This phlebitis
was related to dose, concentration and dura-
tion of exposure. The terminal plasma half-
life (t;) in rats and monkeys is approxi-
mately | — 2 hours.

This study is the first in which the drug
was given to human normal volunteers and
hepatic impaired patients. Its objectives were
to determine the safety, tolerability and
pharmacokinetics of IDN-6556 after single-
and multiple-dose administration.

Methods

gth:'cs

The study was approved by the Independ-
ent Investigation Review Board (Plantation,
FL). The IRB gave prior approval for the start
of each dosing group after review of data.

Study population

The study was divided into 3 parts. The
first part (Part A) consisted of a rising dose
study of a single 30-minute intravenous infu-
sion, with a 10-day follow-up in normal vol-
unteers. The second part (Part B) consisted of
a rising dose study of 30-minute intravenous
infusions, q.i.d. for 7 days, with a 14-day fol-
low-up in normal volunteers. The third part of
the study (Part C) consisted of a rising dose
study of 30-minute intravenous infusions,
q.i.d. for 7 days, with a 7-day follow-up in sta-
ble, hepatic impaired outpatients. Study par-
ticipants were admitted to an inpatient unit
throughout the dosing period and for several
days afterwards.

Five cohorts of 6 subjects (5 active drug,
| saline placebo) were planned for Parts A
and B. Five cohorts of 5 patients (4 active
drug, 1 saline placebo) were planned for Part

C. The key inclusion and exclusion criteria
are given in Table 1.

Treatment/dose escalation

The drug was administered as a 30-minute
intravenous infusion. Each vial of IDN-6556
was reconstituted with 5 ml of sterile water
for injection. The appropriate dose calcula-
tion was made for each dosing group and sub-
ject, based on weight, and the appropriate vol-
ume of reconstituted drug was added to a 100
ml bag of sterile saline for injection. Exactly
halfway through the 0.5 mg/kg dosing group
in Part B, the protocol was amended to deter-
mine if an increased infusion volume would
mitigate vein irritation and phlebitis: the vol-
ume of sterile saline was increased from 100
to 500 ml, and at least 50 ml of sterile saline
was administered after dosing to flush the in-
fusion administration set and veins.

Subjects in the BS dosing group received a
1.0 mg/kg dose of IDN-6556 administered as
a rapid intravenous injection with no dilution
of study medication into sterile saline. This
was supposed to be followed by a rapid flush
of 500 ml of saline; in fact, the post-drug flush
was administered over 30 minutes. Since the
symptoms of phlebitis were no better than
with prior regimens, no further doses were
given to these subjects. The actual doses ad-
ministered in each of the 3 parts of the study
are given in Table 2.

Protocol amendments

As described above, the protocol was
amended to increase the dilution of study
drug to 500 ml during the 0.5 mg/kg dosing
group in Part B. This amendment applied to
all subsequent infusions, with exception of
the rapid infusion group BS.

The protocol was amended to exclude pa-
tients with HCV infection in Part C after dos-
ing with 0.1 mg/kg, as increases in trans-
aminases over baseline were seen after dosing
had finished in some patients (see below).

Endpoints and analysis

Study drug safety and tolerability were
assessed by recording all potential adverse
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Table 1. Major inclusion/exclusion criteria.

Inclusion for Parts A and B

Exclusion for Parts A and B

Age: 18 — 60 years of age
Generally healthy

If female: either surgically sterile or post-menopausal
or using acceptable double barrier, non-hormonal contraception

Written informed consent. Understand and comply
with the requirements of the study

If female: pregnant, lactating or positive serum pregnancy test
Presence of clinically significant iliness or abnormality

Presence or history of iliness affecting absorption, distribution,
metabolism or elimination of the study drug

Clinically significant elevations of liver function tests (ALT,
AST, y-GT, bilirubin, or alkaline phosphatase > 1.5 x ULN,
or NCI Grade 1 toxicity)

Presence or history of alcohol or drug abuse < 90 days or
positive urine drug screen

Any investigational drug < 30 days
HIV, HCV or HBV infection

Additional inclusion for Part C

Additional exclusion for Part C

Prior diagnosis of compensated liver impairment,
stable indicators of liver impairment (NCI Grade 1)
for 2 months

Projected survival > 6 months

HIV positive

Severe hepatic encephalopathy (Grade 2 or above)
or delirium tremens

Severe congestive heart failure

Renal impairment or hepatorenal syndrome
(creatinine > 1.5 mg/dl)

Acute pancreatitis (serum amylase and lipase > 3
normal, NCI Grade 3 toxicity)

Hospitalization for liver disease within 60 days

Changes in laboratory values (liver and coagulation panels)
>2 normal, or greater than Grade 2 NCI toxicity

Prothrombin time > 3 s above control
Bilirubin levels > 5 mg per 100 ml

Any malignancy

ULN = upper limit of normal.

event parameters, Vital signs, physical find-
ings and clinical laboratory test (hematology,
urinalysis, blood chemistry) were frequently
recorded. The pharmacokinetics of IDN-
6556 were evaluated through analysis of se-

Results

Demographics and baseline
characteristics

rum and urine specimens collected at speci-

fied timepoints.

The data were summarized by means and
standard error of the mean (SEM). Pharmaco-
kinetic parameters were assessed by data list-
ings and calculations of summary statistics.
Two-way analysis of variance (ANOVA) was
performed for the assessment of changes in
laboratory values for Part C (SAS version 8.2,

SAS Institute, Cary, NC).

Atotal of 76 subjects was evaluated in this
study, 60 normal volunteers and 16 patients
(Table 2). Demographics are shown in Table 3.

The initial laboratory values for normal
volunteers were all within the normal range,
as specified in the protocol. Although the pro-
tocol allowed patients with significant hepa-
tic disease to participate in the trial in Part C
(Table 1), in fact the patients who entered the
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Table 2. Dose levels administered.

Part A Part B Part C
Dose Active  Placebo Dose  Active Placebo Dose  Active Placebo
level drug (N) level drug (N) level drug N
(mg/kg) (N) (mg/kg) (N) (mg/kg)  (N)
0.1 5 1 0.1 5 1 0.1 4. 1
0.5 5 1 0.5 5 1 0.5 4 2
1.0 5 1 1.0 5 1 1.0 3 2
5.0 5 1 1.5 5 1 = L )
10.0 5 1 1.0 5 1 = o 5
Total N 25 5 25 5 11 L

* = the dosing regimen for this cohort consisted of a rapid infusion of study drug followed by 500 ml saline

Table 3. Demographics.

Group and N Gender Age in Race

treatment (M/F) years Caucasian Black Hispanic
(ma/kg) (Mean) :
A0 5 2/3 418 0 (0%) 0 (0%) 5 (100%)
A0S5 5 3/2 38.0 0(0%) 0 (0%) 5 (100%)
A10 5 2/3 30.8 0 (0%) 1 (20%) 4 (80%)
A50 5 3/2 40.0 0 (0%) 0 (0%) 5 (100%)
A10.0 5 3/12 30.2 0 (0%) 0 (0%) 5 (100%)
A placebo 5 2/3 35.8 0 (0%) 0 (0%) 5 (100%)
B 0.1 5 2/3 32.8 1(20%) 1(20%) 3 (60%)
B0.5 5 3/2 44.0 0 (0%) 0 (0%) 5 (100%)
B 1.0 5 213 29.8 0 (0%) 0 (0%) 5 (100%)
B1.5 5 41 35.2 0 (0%) 1(20%) 4 (80%)
B 1.0 5 3/2 42.6 0 (0%) 0 (0%) 5(100%)
B placebo 5 3/2 43.6 0 (0%) 0 (0%) 5 (100%)
Cco.1 4 3N 44.5 1 (25%) 0 (0%) 3 (75%)
cos5 4 3N 30.0 0 (0%) 0 (0%) 4 (100%)
c1.0 3 3/0 40.0 0(0%) 0 (0%) 3 (100%)
C placebo 5 3/2 39.6 0 (0%) 0 (0%) 5 (100%)

* = the dosing regimen for this cohort consisted of a rapid infusion of study drug followed by 500 mli saline

flush.

study had only mild hepatic impairment with
transaminase elevations as the only signifi-
cant marker of hepatic impairment. No pa-
tients had elevations in their prothrombin
times or serum bilirubin concentrations. Ta-
ble 4 lists the diagnoses of the patients in Part
C by dosage group (some patients had > 1 di-
agnosis in Group 1).

Safety

No normal volunteer or patient discontin-
ued the study because of adverse events.

There were no serious adverse events. Ad-
verse events tended to be of' mild-to-moderate
severity and of relatively short duration. The
principal adverse events were those related to
vein inflammation (i.e. phlebitis) following
infusion or bolus admimstration of IDN-6556
and leukocytosis. The incidence and nature of
phlebitis in Part A of the study provided suffi-
cient cause to reduce dose escalation in Parts
B and C. A table of the most frequent adverse
events is given in Table 5 below.

The vein irritation (phlebitis) was clearly
both drug- and dose-related. It was also re-
lated to the drug concentration as the inci-
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Table 4. Baseline characteristics and subject disposition of patients in part C.

Diagnosis Group 1 (N) Group 2 (N) Group 3 (N)
0.1 mg/kg Placebo 0.5 mg/kg Placebo 1.0 mg/kg Placebo
HCV 3 1
Alcoholic liver 2
disease
Fatty liver 1
No known 1 3 2 3 2
diagnosis

3

Table 5. Adverse event frequency.

Adverse event Group A Group B Group C
(preferred term) Active Placebo Active Placebo Active Placebo

(N = 25) (N =5) (N =25) (N =25) (N=11) (N =5)

N (%) N (%) N (%) N (%) N (%) N (%)
Phlebitis 6 (24) 0 (0) 21 (84) 0 (0) 5 (45) 0 (0)
Vein pain*® 0 (0) 0 (0) 0 (0) 0 (0) 5 (45) 3 (60)
Headache 2 (8) 1 (20) 14 (56) 2 (40) 3 (27) 2 (40)
Fever 1 (4) 0 (0) 5 (20) 0 (0) 0 (0) 0 (0)
Leukocytosis 4 (16) 0 (0) 2 (8) 0 (0) 0 (0) 0 (0)
Back pain 1 (4) 0 (0) 3 (12) 0 (0) 0 (0) 0 (0)
Nausea 0o (0 0 0) 3 (12) 0 (0) 0 (0) 1 (20)
Taste perversion 0 (0) 0 (0) 3 (12) 0 (0) 0 (0) 0 (0)
Abdominal pain 1 (4) 0 (0) 2 (8) 0 (0) 0 Q) 0 (0)
Dizziness 2 (8) 0 (0) 0 (0) 0 (0) 1 (9) 0 (0)
Upper respiratory 2 (8) 1 (20) 0 (0) 0 (0) 1 (9) 0 (0)
infection
Glucose tolerance 0 (0) 0 (0) 0 (0) 0 (0) 2 (18) 0 (0)
abnormal
Constipation 0 (0) 1 (20) 0 (0) 0 (0) 1 (9) 1. (20)
Myalgia 0 (0) 0 (0) 2 (8): 10 (0) 0 (0) 0 (0)
Other™* 30 (02) 1 (20) 11 (44) 1 (20) 4 (36) 2 (40)

* = recorded only in Part C, ** = other constitutes single reports of the following adverse events: Group Aflatulence, glycosuria and rash;
Group B allergic reaction, diarrhea, dyspepsia, furunculosis, dry lips, lymphadenopathy, paroniria, pharyngitis, skin disorder, skin dry, uri-
nary incontinence, urinary tract infection; Group C application site edema, chest pain, hypertension, increased stool frequency, hepatic
function abnormal, skeletal pain..

dence of phlebitis decreased when the infu-  was not sufficient for any participant to re-
sion volume was increased: in the 0.5 mg/kg  quest dosing to be interrupted, although care
subjects in Part B the incidence decreased  was taken not to administer higher doses of
from 4/5 subjects to 1/5 subjects when the di-  the drug. In Part C, the investigator differenti-
lution was increased to 500 ml in the middle  ated between phlebitis and vein pain. While
of the 1-week dosing period. Phlebitis and  the phlebitis was dose-related, pain in the

pain did not typically occur during the infu-  infusion vein was not clearly drug-related
sion and usually developed several hours af-  (Table 5).
ter the infusion in the single-dose groups (Part No significant changes were observed in

A) and often after several days of dosing in  any laboratory parameters, including the
the multiple dose groups (Parts Band C).Ina  transaminases (Figure 1), during dosing in the
couple of patients in Parts Band C, the phlebi-  normal volunteers, with the exception of
tis did not develop until the day after all dos-  white blood cell counts, which showed tran-
ing had stopped. The severity of the phlebitis  sient increases in subjects receiving the high-
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AST - Normal Volunteers - Groups B1-4 the development of phlebitis. No subject had

<- dosing period — leukocytosis or pyrexia in the absence of
--=- Placebo i . wiid '

90+ b sy phlebitis; many subjects had phlebitis with-

——05mgkg out accompanying leukocytosis or pyrexia.

70~ ——1.0mgkg  No leukocytosis or pyrexia occurred in the

~+=15mg’kg  patients (Group C, 0.1 — 1.0 mg/kg). No sig-

nificant changes in clinical laboratory tests

100
]

AST (IU/L)

3004
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300+
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n
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Figure 1. Mean (+ SEM) values for AST are shown
for the normal volunteer groups that received 7 days
of dosing.

ALT: Baseline Data

o

BN Placebo
Cact
o C2
E3C3

Placebo

c1 c2 C3

AST: Baseline Data

i

N Placebo
1€
W C2
E=C3

=

Placebo

c1 c2 C3

Figure 2. Mean (+ SEM) baseline values for ALT
(top) and AST (bottom) are shown for each cohort of
patients.

est single doses (5 and 10 mg/kg). Values
were just above the upper limit of normal in
the 10 mg/kg group, and in the “bolus™ 1
mg/kg group in Part B. The leukocytosis was
neutrophilic and occurred only in subjects
with phlebitis. The timing of the pyrexia,
which was mild, was not well correlated with

were observed in the hepatic impaired popu-
lation except for reductions in transaminase
values, which are discussed below. Two pa-
tients had mildly elevated blood glucose lev-
els and glucose tolerance tests at various
times during the study; however, both had el-
evated fasting blood glucose levels before the
study started.

Pharmacokinetics

Maximum plasma concentrations of
IDN-6556 (T,,,) occurred at the first sam-
pling point post infusion at 0.5830 hours
when the drug was given for | or more doses
in Parts A, B and C in all but | subject. In the
single dose groups in Part A, plasma concen-
trations of IDN-6556 then declined with an
approximate mean apparent terminal half-life
of 1.7 — 3.1 hours. The extent of systemic
exposure, assessed by AUC ., and Cp .
tended to increase approximately proportion-
ately with increasing single doses of 0.1 to
I mg/kg IDN-6556, and in a non-proportional
fashion at doses of 5 mg/kg and 10 mg/kg.
Following multiple intravenous doses of
IDN-6556 in Parts B and C, there was no evi-
dence of accumulation of IDN-6556 over the
7-day dosing period. In addition, for each in-
crease in dose level in Part B, mean
dose-adjusted AUC,,y and C,, values in-
creased in a dose-proportional fashion over
the doses studied (0.1 — 1.5 mg/kg). In Part C,
the extent of systemic exposure, assessed by
AUC,, and C,,, increased approximately
proportionately with increasing doses of 0.1
to 0.5 mg/kg and slightly less than propor-
tionally from 0.5 to 1 mg/kg (data not shown).

Laboratqqi gvafuatfons Part C

Clinically and statistically significant re-
ductions in transaminases were observed dur-
ing the 7-day treatment period in the 3 hepatic
impaired dosing groups that received IDN-
6556 compared to placebo, although there
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ALT: %Change From Predose

dosing —=— Placebo
—— |DN-8556 (C1,C2

and C3)

0 5 0 15 20 25
Days
AST: %Change From Predose
dosing

; —a— Placebo
—— IDN-6556 (C1,C2

and C3)

Days

Figure 3. (top). The % change in alanine trans-
aminase (ALT) levels is presented for all placebos (n
= 5) combined, versus all drug-treated patients in
groups C1, C2 and C3 (n = 11) combined; bottom:
the % change in aspartate transaminase (AST) lev-
els is presented for all placebos (n = 5) combined,
versus all drug-treated patients in groups C1, C2
and C3 (n = 11) combined. Drug treatment is from
Days 0 — 7. Means (+ SEM) are shown.

were no statistically significant differences in
ALT and AST levels between the groups at
baseline (Figure 2). All patients were within
approximately 2 times the upper limit of nor-
mal for transaminases. Figure 3 shows the %
changes from predose values in ALT and
AST during treatment for all groups com-
bined versus placebo. Similar effects were
seen with the absolute changes in the trans-
aminases. Two-way ANOVA analyses of the
changes for all the combined IDN-6556
groups versus placebo were: ALT absolute
change: p < 0.0001 and % change: p=0.012,
AST absolute and % changes: p < 0.0001.
One patient in the C3 group (1.0 mg/kg/in-
fusion) did not respond to the treatment, and
in fact, there was a transient increase in
transaminase levels during treatment to a
maximum of 185 (ALT)/56 (AST) (data not

shown). The cause of this patient’s hepatic
impairment was unknown, and the patient de-
clined follow-up evaluation. HCV assays in
the 4 HCV-positive patients showed no clini-
cally meaningful changes in the study.

At the end of the 7-day dosing period, the
transaminase levels returned to the baseline
levels within the course of 1 — 3 days, and
in some cases there was a transient “over-
shoot” above baseline. The largest such effect
occurred in AST values in the C2 group (Fig-
ure 4).

Discussion

It is believed that this study with [DN-
6556 is the first publication of a clinical study
involving a pan-caspase inhibitor and anti-
apoptotic drug. While some of the findings
were expected, other data were surprising.

The safety profile seen during the study
was very similar to the findings in the prior
pre-clinical and toxicology studies. Intrave-
nous administration of IDN-6556 in animals
was consistently associated with phlebitis
and frequently with a neutrophilic leuko-
cytosis. These were also the main adverse
events in this trial. The incidence of phlebitis
was dose-dependent after both single and
multiple doses (where it occurs at lower
doses). Its incidence was markedly reduced
with a higher infusion volume, but a rapid in-
fusion with a slower post-infusion flush was
not beneficial. The symptoms were not suffi-
ciently severe for any of the participants to re-
quest cessation of dosing, although care was
taken not to give doses above 1.5 mg/kg q.i.d.
for a week, and it is likely that significantly
higher doses would not have been well toler-
ated.

The timing of the phlebitis was interest-
ing. In the single-dose phase, subjects typi-
cally complained of symptoms several hours
after the infusion had occurred and not during
the infusion itself. In the multiple-dose
phases, the symptoms usually manifested
several days after the infusions started. In a
couple of subjects the symptoms did not start
until the day after study medication was
stopped. The neutrophilic leukocytosis was
most obvious in subjects treated with higher
single doses. Mild pyrexia was seen in some
of the normal volunteers who had phlebitis,
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Figure 4. The AST values for the C2 patients (0.5
mg/kg/infusion) are shown individually, together
with all placebo patients (n =5, mean (£ SEM)). One
patient, No. 1066, had a transient increase in AST
levels above previous baseline following the end of
dosing with IDN-6556.

although there was no clear relationship be-
tween the timing of this and the leukocytosis.
The mechanism for these probably pro-
inflammatory findings has not been discov-
ered in animals and remains speculative.
However, the time course of the phlebitis sug-
gests that it is unlikely to be a direct chemical
effect of the neutral pH drug formulation and
there is no obvious link to the drug’s anti-
apoptotic mechanism of action. Other ad-
verse events in the study did not indicate any
clear differences from placebo.

The pharmacokinetic results are consis-
tent with a 2-compartment model of drug dis-
tribution. In animal studies, the drug is avidly
taken up by the liver after intravenous or oral
dosing.

This study was designed as a safety study.
The clinically and statistically significant im-
provements in the transaminase levels were
unexpected. It was not thought that the
anti-apoptotic drug would have a discernable
effect on the liver enzymes in patients with
mild hepatic impairment. While the protocol
allowed patients with significant hepatic im-
pairment into the study, the patients who actu-
ally participated had only elevations of their
transaminases and no other manifestations of
hepatic dysfunction. A hepatic diagnosis was
known for only 5 of the 16 patients and it is
likely that several of the patients had no sig-
nificant hepatic disease and merely isolated
elevations in their enzymes. However, the im-

448

provements in liver enzymes were seen in all
but 1 of the patients who received IDN-6556,
suggesting that the drug may have a broader
hepatoprotective effect than was originally
thought. No decreases in the transaminase
levels occurred in the normal volunteers, sug-
gesting that the relationship between trans-
aminase leakage from normal hepatocytes
and apoptosis may occur by a different mech-
anism.

The pattern of decreases in transaminases
was similar for the different doses of IDN-
6556. Discernable reductions were typically
seen by the second day after dosing. Near
maximal reductions appeared to have devel-
oped by Day 5 of dosing, although future
studies will be needed to evaluate if further
changes will occur with more than 1 week of
dosing. Although there were no statistically
significant differences in the transaminases
before treatment, the levels were not identi-
cal. This observation, together with the obvi-
ous fact that the patient numbers at each dose
of drug were small, suggest that it is inappro-
priate to make definitive statements about the
dose-response relationship of the drug from
this study.

When the drug administration was stopped,
the transaminase values typically returned to
baseline levels within 3 days. In a few indi-
viduals (in the 0.1 and 0.5 mg/kg dosing
groups), their transaminases exceeded their
baseline and screening values, typically
reaching a maximum level 1 — 7 days after the
drug was stopped, before returning to pre-
treatment levels 14 days after drug cessation.
The highest post-treatment value occurred in
a patient who received 0.5 mg/kg and is
shown in Figure 4. Although the rebound en-
zyme levels in this study were not of clinical
concern, this phenomenon needs to be evalu-
ated in future trials and consideration has
been given to utilizing tapering regimens to
blunt the effects of withdrawal of drug ther-
apy. Both the onset and post-treatment re-
bound effects seen in this study are consistent
with the effects of a drug that is inhibiting
apoptosis and, after it is withdrawn, allows
the resumption of cell death in 2 cohorts of
cells (those whose death were inhibited dur-
ing drug treatment and a new cohort whose
death started after the drug was stopped).

This study indicates that further clinical
evaluation with IDN-6556 is merited. There
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is a clear clinical need for better therapies for
many hepatic diseases in which apoptosis has
been implicated, including viral hepatitides,
alcoholic hepatitis and ischemia-reperfusion
injury associated with liver transplantation.
Clinical data are needed to answer the many
questions about the potential clinical utility
and safety issues of anti-apoptotic drugs;
however, this study raises the possibility that
IDN-6556 may prove to be clinically useful.
The role and potential for anti-apoptotic ther-
apy remains to be defined.

Conclusion

This Phase 1 study of IDN-6556, an irre-
versible caspase inhibitor that prevents
apoptosis, is believed to be the first clinical
trial for a compound of its class. The observa-
tions from the safety and tolerability and
pharmacokinetic endpoints in hepatic im-
paired patients were consistent with the expe-
rience with single and multiple dosing in nor-
mal volunteers.

— IDN-6556 was generally well tolerated in
patients with mild elevations of their liver
transaminases. Phlebitis was the most sig-
nificant adverse event.

— Improvements in liver transaminases were
seen in patients treated with IDN-6556.
The enzyme levels returned to pre-treat-
ment values shortly after drug administra-
tion stopped and exceeded pre-treatment
values in a few patients.

— One patient showed an elevation in liver
transaminases with administration of
IDN-6556.

— Pharmacokinetic evaluation was consis-
tent with a drug cleared quickly from the
venous circulation after infusion.

Acknowledgments

This work was presented in abstract form
at Digestive Disease Week, 2002 [Valentino
et al. 2002]. The authors would like to thank
Paul Pockros, M.D., for insightful comments
on the study throughout its progress, Patricia
Contreras for invaluable assistance in data re-
duction and figure preparation, and Martin
Krauss and Regina Zachskorn for their
thoughtful contributions to the data analysis.

References

Bantel H, Lugering, A, Poremba C, Lugering N, Held J,
Domschke W, Schulze-Osthoff K 2001 Caspase activa-
tion correlates with the degree of inflammatory injury
in chronic hepatitis C infection. Hepatology 34:
758-767

Galle PR, Hofmann W.J, Walczak H, Schaller H. Otto G,
Stremmel W, Krammer PH, Runkell L 1995 Involve-
ment of the CD95 (APO-1/Fas) receptor and ligand in
liver damage. J Exp Med /&2 1223-1230

Gao W. Bentley RC, Madden JF Clavien P-A 1998
Apoptosis of sinusoidal endothelial cells is a critical
mechanism of preservation injury in rat liver trans-
plantation. Hepatology 27: 1652-1660

Hoglen NC, Chen L-C, Fisher C, Hirakawa B, Contreras
P 2003 Characterization of IDN-6556: a liver-targeted
caspase inhibitor. Submitted

Natori S, Rust C, Stadheim LM, Srinivasan A, Burgart LJ,
Gores GJ 2001 Hepatocyte apoptosis is a pathological
feature of human alcoholic hepatitis. J Hepatol 34:
248-253

Natori 8, Selzner M, Valentino KV, Fritz LC, Srinivasan
A, Clavien PA, Gores GJ 1999 Apoptosis of sinusoidal
endothelial cells occurs during liver preservation in-
jury by a caspase-dependent mechanism. Transplanta-
tion 68: 89-96

Patel T, Gores GJ 1995 Apoptosis and hepatobiliary
disease. Hepatology 2/ 1725-1741

Pianko S, MeCaughan G, Sievert W, MeHutchison J 2000
Apoptosis and viral hepatitis. Viral Hepatitis Rev 6:
1-17

Valentino KL, Gutierrez M, Sanchez R, Pockros P,
Winship MJ, Shapiro D 2002 First clinical trnal of
IDN-6556: first anti-apoptotic caspase inhibitor im-
proves liver function. Gastroenterology /22: A622

Ziol M, Teppe M, Lohez M, Arcangeli G Ganne N,
Christidis C, Trinchet JC, Beaugrand M, Guillet JG,
Guettier C 2001 Clinical and biological relevance of
hepatocyte apoptosis in alcoholic hepatitis. J Hepatol
34:254-260



