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Background and aims: To evaluate the safety and efficacy of the intercellular adhesion molecule 1
(ICAM-1) antisense phosphorothioate oligonucleotide alicaforsen (ISIS 2302) in Crohn’s disease.
Methods: Active (Crohn’s disease activity index (CDAI) 200–350), steroid dependent (prednisone
10–40 mg) Crohn’s patients were randomised into three treatment groups: placebo versus ISIS 2302
(2 mg/kg intravenously three times a week) for two or four weeks. Patients were treated in months 1
and 3, with steroid withdrawal attempted by week 10. The primary end point (steroid free remission)
was a CDAI <150 off steroids at the end of week 14.
Results: A total of 299 patients were enrolled, with a mean baseline CDAI of 276 and steroid dose of
23 mg/day. Rates of steroid free remission were equivalent for the two and four week ISIS 2302
groups (20.2% and 21.2%) and the placebo group (18.8%). At week 14, steroid withdrawal was suc-
cessful in more ISIS 2302 patients compared with placebo treated patients (78% v 64%; p=0.032).
Steroid free remission was highly correlated with exposure (p=0.0064). Other clinical responses were
correlated with exposure, with significant results versus placebo being observed in the highest area
under the curve subgroup. CDAI scores decreased by 136 (112) at week 14 versus 52 (107) for pla-
cebo (p=0.027) and inflammatory bowel disease score questionnaire improved by 43 (31) versus 15
(36) for placebo (p=0.027).
Conclusions: Although the primary outcomes failed to demonstrate efficacy, pharmacodynamic mod-
elling suggests that alicaforsen (ISIS 2302) may be an effective therapy for steroid dependent Crohn’s
disease.

Crohn’s disease is an inflammatory disease of the
intestine, characterised by immune dysregulation and
leucocyte recruitment into gastrointestinal tissue.1

Recent approaches to disrupting or influencing this inflam-
matory cascade have involved inflammatory cytokines, such
as tumour necrosis factor (TNF-α) and interleukin 10, and
more recently cellular adhesion molecules. The diverse
adhesion molecule group is responsible for cell “rolling”,
“sticking”, and leucocyte migration through vascular en-
dothelium at inflammatory sites.2 Specifically for intercellular
adhesion molecule 1 (ICAM-1), there is minimal expression in
normal ileal tissue.3

ICAM-1 (CD54), a member of the immunoglobulin
superfamily, is constitutively expressed at low levels on vascu-
lar endothelial cells and leucocytes, including antigen
presenting cells.4–6 In response to proinflammatory stimula-
tors, including TNF-α, many cells upregulate ICAM-1 surface
expression.7 8 ICAM-1 expression in Crohn’s disease is
increased in the ileum,3 apical colonic epithelium and local
leucocytes,9 10 colonic vessel endothelium,9–11 colonic fibro-
blasts displaying enhanced T lymphocyte adhesion,12 lamina
propria mononuclear cells,13 Peyer’s patch cells,14 and periph-
eral blood monocytes.15 Tissue expression of ICAM-1 corre-
lates with disease activity.16 An anti-ICAM-1 therapeutic effect
was effective in rheumatoid arthritis and psoriasis.17–20

ISIS 2302 is a 20 base phosphorothioate oligodeoxynucle-
otide designed to hybridise in the 3′ untranslated region of
human ICAM-1 mRNA.21 The heterodimer formed by ISIS
2302 and mRNA is a substrate for RNase H, a family of ubiq-
uitous enzymes that cleave RNA in DNA-RNA heterodimers.22

Treatment with ISIS 2302 in vitro results in a highly specific

reduction in ICAM-1 mRNA and consequently markedly low-

ers ICAM-1 protein expression.21 23–26 Murine and rat analogues

of ISIS 2302 have been effective in multiple animal models of

colitis, inflammatory diseases, and organ transplantation.27–29

A study in normal volunteers demonstrated excellent ISIS

2302 tolerability infused intravenously over two hours every

other day for four doses.30 These subjects received doses of up

to 2 mg/kg, and experienced a clinically silent dose-responsive

transient increase in activated partial thromboplastin time

(aPTT) and complement split product C3a (but not C5a).31 32 A

pilot study evaluated 20 subjects with moderately active

Crohn’s disease on corticosteroids, with or without aminosali-

cylates, receiving ISIS 2302 at doses of 0.5–2 mg/kg/day intra-

venously 13 times over four weeks. This study suggested dura-

ble remission inducing and steroid sparing qualities for ISIS

2302 in Crohn’s subjects, with an excellent safety profile.33 A

recently reported incomplete study of subcutaneous antisense

to ICAM-1 was ineffective at a low dose of 0.5 mg/kg adminis-

tered five days per week for up to four weeks34 with local and

systemic intolerance,35 and was terminated at its mid point.
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METHODS
Patients
Patients aged 14–80 years were enrolled with moderately

active (Crohn’s disease activity index (CDAI) 200–350), steroid

dependent Crohn’s disease (active disease for >3 previous

months despite 10–40 mg of prednisone or equivalent, with at

least one unsuccessful taper attempt), documented within the

previous two years and at study onset. Patients or their guard-

ians signed institutionally approved consent forms, and insti-

tutional ethics review boards approved all protocols. Minors

also provided written assent. Corticosteroids were stable for at

least the two weeks prior to study entry. Patients were allowed

stable doses of aminosalicylates but immunosuppressives

were excluded in the prior four weeks.

Randomisation
Patients were stratified by their baseline steroid dose

(prednisone equivalent of 10–19 or 20–40 mg/day) for

randomisation (fig 1). This protocol is based on pilot studies

and the North American Methotrexate Study.30 33 36 Random-

isation consisted of placebo or one of two ISIS 2302 regimens,

administered at 2 mg/kg intravenously three times a week for

two weeks or four weeks. Infusions were administered over

two hours and saline was used for placebo infusions. Two

treatment courses were administered, in months 1 and 3. The

maximum permitted dosage was 200 mg; a few patients

weighing >100 kg were administered somewhat less than

2 mg/kg.

Corticosteroid taper
Patients in the high dose corticosteroid stratum maintained

their baseline dosage until day 8, at which time they initiated

prednisone 20 mg/day, and then were tapered as tolerated by

2.5 mg/day per week. Patients in the low dose stratum main-

tained their baseline dosage until the protocol day on which a

high dose patient would be tapered to a lower dose (fig 1). The

low dose stratum patients then tapered at 2.5 mg/day per week

as tolerated, so one patient could be weaned from cortico-

steroids by the beginning of week 10.

Efficacy assessments
The primary end point was corticosteroid free remission

(CDAI <150, corticosteroid dose=0) at week 14. Other

secondary end points included corticosteroid utilisation and

quality of life, assessed by the inflammatory bowel disease

questionnaire (IBDQ). Additional response levels included

low dose steroid dependent remission (CDAI <150, cortico-

steroid dose <10 mg per day), remission (CDAI <150, cortico-

steroid dosage <baseline level), response (>100 point

decrease in CDAI with corticosteroids <baseline dose), and

partial response (>70 point decrease in CDAI with cortico-

steroids <baseline dose). Patients in remission at month 6

were followed for an additional six months. Investigators were

blinded for 12 months and Isis personnel for six months after

data had been collected and the database locked.

Laboratory investigations
All routine laboratory analyses were performed at Covance

(Indianapolis, Indiana, USA). Soluble ICAM-1 (sICAM-1) lev-

els were measured in the laboratory of Robert Rothlein PhD

(Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,

USA) by ELISA, as previously described.37 38 In this assay,

healthy blood donors record a mean control value of 191 (15)

ng/ml.38 Anti-ISIS 2302 antibody levels were measured by

ELISA (Covance, Vienna, Virginia, USA) using goat anti-

human IgG and IgM peroxidase conjugated second antibodies

(Cappel) for detection, and mouse monoclonal IgG anti-ISIS

2302 antibody (Harlan Bioproducts for Science, Indianapolis,

Indiana, USA) as a positive control. Positive results were con-

firmed by adding blocking levels of free ISIS 2302.

As phosphorothioate oligonucleotides transiently prolong

the aPTT, post infusion aPTT results could have unblinded the

study. Investigators and ISIS personnel remained blinded to

aPTT results throughout the trial.

Pharmacokinetics
As part of the prospective design of this study, plasma for ISIS

2302 concentrations was obtained at 0, 2, 3, and 5 hours after

the start of the study drug infusion on day 1, and at the end of

Figure 1 Study plan. Patients were prospectively evaluated during screening, and treatment was administered three times a week (tiw) for
two or four weeks after randomisation. Patients were followed for an additional six or 12 months. Patients were stratified by baseline
corticosteroid dose (low dose 10–19 mg/day; high dose 20–40 mg/day) and then tapered as follows. High dose stratum: 20 mg/day at day
8, then tapered by 2.5 mg/week beginning on day 15; low dose stratum: maintain baseline dosage and then taper by 2.5 mg/week to
maintain dosage by study week with high dose stratum. CDAI, Crohn’s disease activity index; IBDQ, inflammatory bowel disease
questionnaire.
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infusion (two hours) on days 10 and 26, for each treatment

cycle. Plasma concentrations of ISIS 2302 were determined by

PPD Development (Richmond, Virginia, USA) using a

previously validated capillary gel electrophoresis method.39

Population pharmacokinetic (PK) analysis was performed

by GloboMax LLC (Hanover, Maryland, USA). The population

PK approach allows the analysis of sparse pharmacokinetic

data from a variety of unbalanced designs, yielding a

mathematical model of drug behaviour. The model is used to

describe and predict drug concentrations in plasma and obtain

reliable estimates of overall drug exposure in the treated

population.40 41 The population analysis is a post hoc analysis to

generate a new hypothesis, and this hypothesis is being used

in a new trial. The population approach used in this study was

to extract potentially useful pharmacokinetic/

pharmacodynamic information from a complex clinical trial.

A preliminary, one compartment, PK model was developed

using NONMEM (Version V, Level 1.1; UCSF, San Francisco,

California, USA).42 Sixteen demographic and laboratory

covariate terms were screened for their effects on the prelimi-

nary model, including age, sex, height, weight, steroid dose,

liver function, renal function, and C3a and C5a levels. The

covariate model was built using stepwise addition and

backward elimination procedures.40 41

The model established in a sample population of 70% of the

total number of patients (index data set) was tested against

the remaining 30% of patients (validation data set). Bias and

model predictions were evaluated in both the entire popula-

tion and the population stratified by important covariates,

using plots of predicted versus actual values and plots of ran-

dom effects versus covariates.

Pharmacodynamic analysis
As one of the outcomes measured by design in this study, the

relationship between efficacy and drug exposure was assessed

using various statistical methods. Two measures of drug expo-

sure per dose were computed for each ISIS 2302 treated

patient: a predicted maximum concentration (Cmax) and a pre-

dicted area under the concentration-time curve (AUC). Corre-

lation of patient drug exposure (AUC) with remission rates,

change in CDAI, or change in IBDQ were analysed using logis-

tic regression, linear regression, and descriptive statistics.40 41

To determine whether there were AUC thresholds above which

response rates improved, patients were categorised by 15

µg×h/ml AUC increments over the dose per exposure range

(groups AUC <35, 35.1–50, 50.1–65, and >65 µg×h/ml).

Statistical analysis
All patients randomised to receive treatment who received at

least one intravenous infusion of ISIS 2302 were included in

the efficacy analyses. The primary end point, steroid free

remission (CDAI <150 off steroids) at week 14 was compared

between treatment groups using the Cochran Armitage trend

test, stratified by the baseline prednisone dose, which tests for

trends in steroid free remission rates. The two week and four

week cohorts were analysed individually and then combined

as no differences were detected.

Secondary analyses included comparison of remission

rates, response rates, mean values of CDAI over time, cortico-

steroid use over time, IBDQ over time, dropouts for disease

progression or lack of efficacy, and duration of remission,

using SAS (version 6.12) Windows NT Statistical package

(Cary, North Carolina, USA). Binary end points were analysed

using χ2 tests or Fisher’s exact tests. Continuous end points

were analysed using t tests and log rank tests, and logistic

regression analysis was used to correlate binary variables and

continuous variables. By definition, patients remained in ster-

oid free remission for CDAI fluctuations above 150 if the score

returned to <150 at the next visit. The primary safety analysis

for adverse events was coded using the COSTART dictionary.

RESULTS
Fifty three centres across Europe and North America

randomised 299 patients, with 101 patients in the placebo arm

and 99 patients each in the two week and four week ISIS 2302

arms. Patients in the three treatment groups were similar with

respect to baseline characteristics (table 1). A history of previ-

ous anti-TNF monoclonal antibody use was reported in 5.7%,

the majority having discontinued this agent due to lack of

effect. Interestingly, patients with prior use of immunosup-

pressives had lower response rates (14%) than those without

prior immunosuppressive use (26%). Even in the subgroup of

patients with a high AUC, only 40% (2/5) of patients with prior

immunosuppressives achieved a response while 75% (3/4) of

patients without prior immunosuppressives achieved a re-

sponse.

Study completion rates for the six month trial were 59.1%

for the ISIS 2302 treated patients and 52.5% for the placebo

patients (table 2); most withdrawals were for lack of efficacy

or disease progression (26% and 35% for ISIS 2302 and

placebo, respectively). Two placebo subjects (2%) withdrew for

adverse events (ulcer, recreational drug overdose). One patient

in the two week ISIS 2302 arm died from myocardial

infarction. Eight additional ISIS 2302 subjects (4%) withdrew

due to adverse events, including an ISIS 2302 drug reaction

consisting of facial flushing, chest tightness, and dyspnoea

during two infusions.

Pharmacokinetics
Pharmacokinetic data were collected for 181/199 ISIS 2302

treated patients. The T1/2 for ISIS 2302 was 1.11 ( 0.2) hours

and the average maximum concentration (Cmax) was 14.8 (3)

µg/ml (table 3). ISIS 2302 pharmacokinetics were well

described by a one compartment linear model, and evaluation

of the model demonstrated a good fit without evidence of bias.

The analysis identified two important covariates altering

the pharmacokinetics of ISIS 2302: weight and sex (fig 2). The

Table 1 Baseline demographic and disease characteristics

n Age (y) Sex (M/F) Disease duration (y) CDAI CRP (mg/dl)
sICAM* (ng/ml)
(median (range))

Steroid dose
(mg/day) (median
(range) [% in high
dose stratum])

ISIS 2302
2 Week 99 39.2 (12.9) 36/63 11.0 (10.7) [0.1–78.7] 283.7 (51.6) 4.33 (15.0) 253 (63–630) 70 (10–40) [62]
4 Week 99 39.3 (11.9) 36/63 9.1 (7.4) [0.2–38.5] 274.4 (52.8) 3.55 (10.1) 215 (82–881) 20 (10–45) [61]
All ISIS
2302

198 39.3 (12.9) 72/126 10.1 (9.3) [0.1–78.7] 279.1 (52.3) 3.95 (12.8) 230 (63–881) 20 (10–45) [61]

Placebo 101 39.2 (12.1) 40/61 9.8 (8.3) [1.0–50.4] 269.3 (54.2) 2.46 (6.3) 234 (71–784) 20 (10–55) [64]

Unless otherwise stated, values are mean (SD) [range].
*257 subjects serotyped for serological patterns and 171 tested for baseline sICAM values.
CDAI, Crohn’s disease activity index; sICAM, soluble intercellular adhesion molecule; CRP, C reactive protein.
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average drug exposure per dose (AUC) was 38.0 (10.2)

µg×h/ml in men and 44.7 (12.7) µg×h/ml in women. For a

constant weight of 70 kg, the AUC and Cmax for females were

higher than for males. For average study weights of 80 kg

(males) and 67 kg (females), there was a trend towards an

increased AUC in females.

The effects of sex on drug exposure were primarily

mediated through effects on drug clearance rates. Plasma

clearance was 37% higher in males, resulting in a shorter T1/2 of

0.94 for 70 kg males versus 1.14 hours for 70 kg females. The

volume of distribution was also sex dependent, explained par-

tially by differences in body fat composition as ISIS 2302 has

limited uptake by adipose tissue.32 Metabolism was not

affected by sex or exogenous oestrogen use.

Corticosteroid use and Crohn’s disease response
Of the 191 patients completing week 14, only 64% (40/63) on

placebo had successfully discontinued steroids compared with

78% (100/128) for the ISIS 2302 treated groups (p=0.032).

Cumulative steroid use through week 14 did not differ among

the intent to treat cohorts but was clearly lower for steroid free

remitters (p<0.001). Similar proportions of patients in the

three treatment groups achieved the primary end point of

steroid free remission at the end of week 14: 19.2% in the two

week group, 21.2% in the four week group (20.2% for the

combined ISIS 2302 groups), and 18.8% of placebo treated

patients. Rates of remission (steroid free, low dose steroid

dependent, and steroids <baseline) and response (response

and partial response) over time were similar between

treatment arms at various time points throughout the trial.

Mean values for CDAI over time, steroid dose over time, dura-

tion of disease, prior immunosuppressive use, and IBDQ over

time were similar between the three treatment groups (not

shown). Baseline steroid use predicted steroid free remission,

with remitters having an average corticosteroid dose of 19.0

(8.0) mg/day at baseline and non-remitters starting at 23.5

(10.8) mg/day (p<0.005).

Pharmacodynamics
There was a strong correlation between drug exposure and

response to ISIS 2302 treatment. Following the 2 mg/kg

intravenous ISIS 2302 dose, plasma AUC levels ranged from

13.49 to 96.09 µg×h/ml although all patients received the same

2 mg/kg dosage. For analysis, the AUC range was divided into 15

µg×h/ml dose increment groups: <35 (n=54) µg×h/ml; 35.1–50

µg×h/ml (n=90); 50.1–65 µg×h/ml (n=28); and >65 µg×h/ml

(n=9). Although the number of patients in the higher exposure

groups was small, steroid free remission rates increased as AUC

increased. Remissions rose from 13.0% (7/54) for the lowest

AUC subgroup to 21.4% (6/28) for those in the AUC 50.1–65

µg×h/ml subgroup, and 55.6% (5/9) for the highest AUC

subgroup (p=0.023 for the highest AUC subgroup v placebo).

Logistic regression of steroid free remission rates as a function

of AUC demonstrated significant trends (p=0.0064).

Other measures of clinical response consistently demon-

strated improvement for the highest AUC subgroup. The same

strong correlation between drug exposure and secondary dis-

ease response measures was observed for changes in CDAI and

IBDQ (fig 3A, B) at the end of week 14, both showing statisti-

cally significant improvements compared with placebo

(p<0.03). Correlation of CDAI improvement at week 14 and

AUC confirmed this significant association (p=0.02).

The highest AUC subgroup (>65 µg×h/ml) were predomi-

nantly female (8/9), Caucasian (8/9), and had relatively high

obesity indices (average weight 98.6 kg), resulting in slower

clearance and higher plasma levels, necessary to achieve a

Table 2 Patient disposition (initial six months)

n Completed

Discontinuations

Adverse
event Death

Lack of efficacy/
disease progression Other†

ISIS 2302
2 Week 99 59 5 1* 20 14
4 Week 99 58 3 0 32 6
All ISIS 2302 198 117 8 1* 52 20

Placebo 101 53 2 0 35 11

*Myocardial infarction.
†Withdrew consent, non-compliance, no longer eligible, lost to follow up.

Table 3 ISIS 2302 pharmacokinetics

Pharmacokinetics
All ISIS 2302
2 mg/kg/2 h

ISIS 2302 subset:
AUC >65 µg×h/ml

n 181 9
Cmax (µg/ml) 14.83 (3.06) 22.53 (2.48)
T1/2 (h) 1.11 (0.19) 1.55 (0.22)
AUC (µg×h/ml) 42.46 (12.22) 76.15 (10.0)
CL (ml/min/kg) 0.85 (0.24) 0.44 (0.055)
Vd (ml/kg) 78.44 (10.89) 58.97 (6.85)

Cmax, maximum concentration; T1/2, half life; AUC, area under the curve; Cl, clearance;Vd, volume of
distribution.

Figure 2 Average calculated ISIS 2302 drug exposure (area under
the curve (AUC)) for individual patients following a 2 mg/kg dose,
depicted as a function of weight in men (n=66) and women
(n=115).

100

80

60

40

20

0
0 50 100

Weight (kg)

150 200

A
U
C
(µ
g

×
h
/
m
l)

Male

Female

Efficacy of ISIS 2302 in Crohn’s disease 33

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.51.1.30 on 1 July 2002. D

ow
nloaded from

 

http://gut.bmj.com/


higher drug exposure level. The highest AUC patients achiev-

ing steroid free remission (n=5) had a trend towards lower

baseline steroid doses compared with those who did not

achieve this end point (n=4) (16.5 and 21.9 mg/day; NS).

Duration of remission
Time to steroid free remission was similar across the three

treatment groups. For patients who reached steroid free

remission (within the six month protocol), mean (SD) time to

first day of steroid free remission was 85.3 (35.9) days for pla-

cebo, 78.3 (22.0) days for the two week cohort, and 82.5 (29.0)

days for the four week cohort. The one year follow up response

duration was completed by 34 (17%) ISIS 2302 and 16 (18.8%)

placebo patients from a potential pool of 40 (20.2%) ISIS 2302

and 19 (18.8%) placebo patients in steroid free remission at

month 6.

Laboratory assessments and safety
Of 91 patients studied, one male subject developed new anti-

ISIS 2302 IgG/IgM antibody by day 82 at a 1:10 titre without

clinical sequelae. ISIS 2302 was well tolerated (table 4). Medi-

cally important adverse events were limited to hypersensitiv-

ity reactions in a small proportion of patients (2%). As antici-

pated, transient aPTT increases without bleeding sequelae,

and transient facial flushing or a feeling of warmth during

infusion, were also noted (11.6% of drug treated, 4% of

placebo treated patients; p=0.03).

DISCUSSION
The use of antisense molecules to target disease causing pro-

teins such as ICAM-1 is in the early stages of development. A

previously published pilot study of antisense to ICAM-1 (ISIS

2302) suggested that 0.5–2 mg/kg three times a week is an

effective intravenous dose range in Crohn’s disease.
The proportion of patients achieving primary and second-

ary end points in this trial were similar over time, suggesting
that ISIS 2302 at the dose and schedule employed in this pro-
tocol is ineffective in Crohn’s patients. By using population
pharmacokinetics (PK) as a prior component of this study
design to model drug exposure in each patient, a broad range
(fivefold) in drug exposure per dose (AUC) showed a
significant relationship between drug exposure and response.
This suggests that ISIS 2302 may be effective when given in
adequate doses. Failure to find a significant treatment effect in
this study may be due to insufficient dosing of patients. Such
an inference must be tempered as it is based on retrospective
analysis using pharmacodynamic modelling.

Our patients experienced a fivefold range of drug exposure
per dose (13.49–96.09 µg×h/ml), although all patients received
a dose of 2 mg/kg. AUC per dose correlated significantly with
rates of steroid free remission at the end of week 14, a primary
study end point (p=0.0064). Other measures of clinical
response consistently demonstrated improvement for the
highest AUC subgroup. The same strong correlation between
drug exposure and secondary disease response measures was

Figure 3 Change in Crohn’s disease activity index (CDAI) (A) and inflammatory bowel disease questionnaire (IBDQ) (B) scores at week 14,
stratified by area under the curve (AUC) into four cohorts. The diamond shapes indicate the 95% confidence intervals and the bars signify 1 or
2 SDs. CDAI and IBDQ significantly improved for the high AUC subgroup versus placebo (p=0.027 for both).
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Table 4 Adverse events >10% (all causes) and serious events (drug related)

Placebo (n=101)
ISIS 2302
2 mg/kg (n=198)

ISIS 2302 subset:
AUC >65 µg×h/ml (n=9)

Vasodilation 4 (4.0) 23 (11.6)* 1 (11.1)
Rash 15 (14.9) 19 (9.6) 0
Urticaria 0 6 (3.0) 0
Anaphylactoid reaction 0 2 (1.0) 0
Myocardial infarction 0 1 (0.5) 0
Schwannoma 0 1 (0.5) 0
Asthenia 22 (21.8) 45 (22.7) 0
Flu syndrome 12 (11.9) 27 (13.6) 1 (11.1)
Headache 26 (25.7) 65 (32.8) 1 (11.1)
Dizziness 16 (15.8) 36 (18.2) 1 (11.1)
Infection 37 (36.6) 88 (44.4) 3 (33.3)
Pancreatitis 1 (1.0) 0 0
Enterocolitis 26 (25.7) 44 (22.2) 2 (22.2)
Nausea 29 (28.7) 49 (24.7) 4 (44.4)
Vomiting 12 (11.9) 28 (14.1) 2 (22.2)
Abdominal pain 16 (15.8) 30 (15.2) 2 (22.2)
Average post infusion aPTT increase (s) 0.8(4.66) 8.66(7.29)** 8.70(7.40)**
Maximum post infusion aPTT value (s) 30.4(7.6) 41.5 (7.4)** 42.1 (4.4)**

*p=0.03, **p<0.0001 versus placebo.
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observed for changes in CDAI and IBDQ at the end of week 14,

both showing significant improvements versus placebo

(p<0.03). Correlation of CDAI improvement at week 14 and

AUC confirmed this significant association (p=0.02). Patients

with a higher exposure per dose had remissions of longer

duration but the trend was not significant. This study demon-

strated that a per kilogram dosing approach does not provide

equal exposure to ISIS 2302, and clarified the pharmacokinet-

ics of ISIS 2302 not detected in the smaller pilot study.33

Overall, steroid free remission, our primary end point, was

strongly related to ISIS 2302 drug exposure. The observation

of an increased remission rate was significantly limited by the

small number of patients receiving adequate exposure but was

strengthened by the additional significant correlations be-

tween increasing drug exposure and improvements in both

CDAI and IBDQ. In addition, steroid withdrawal at week 14

was more successful for ISIS 2302 recipients versus placebo

subjects (p=0.032).

A significantly greater proportion of ISIS 2302 treated

women (24.6%) than men (12.5%) achieved the primary end

point (p=0.04); however, neither was statistically different

from placebo. The higher response rate in women appears to

be primarily due to higher drug exposure in women. A trend

towards higher remission rates was noted in women receiving

exogenous oestrogens which may reflect in vitro data demon-

strating that oestrogen and progesterone, but not testosterone,

enhance ICAM-1 induction on TNF-α stimulated endothelial

cells.43

These data suggest that ISIS 2302 may be effective therapy

for steroid dependent Crohn’s disease, with steroid sparing

and remission inducing properties, when drug exposure is

adequate. Although the current study could be construed as a

failure, the AUC findings and the response of a subgroup of

patients may represent a significant breakthrough in our

understanding of this new class of drugs. Potentially, failure to

detect an overall significant treatment effect in this study was

due to insufficient dosing of patients, but paired with no dose

limiting toxicity. This supports evaluation of higher doses of

ISIS 2302 in Crohn’s disease, which is currently underway.
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