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See Turner D et al on page 103 for companion
article in Clin Gastroenterol Hepatol.

ackground & Aims: Tetomilast (OPC-6535), a
ovel thiazole compound, inhibits phosphodiester-
se-4 and proinflammatory functions of leukocytes
ncluding superoxide production and cytokine re-
ease. Methods: One hundred eighty-six patients
ith mildly to moderately active ulcerative colitis

Disease Activity Index [DAI] 4 –11 points) from 35
enters were randomized to receive an oral, once-
aily dose of placebo or tetomilast 25 mg or 50 mg
or 8 weeks. Results: Percentages of patients reach-
ng the primary end point (improvement as defined
y reduction in DAI >3 at week 8) were not signif-

cantly different between placebo (35%) and either
he 25 mg tetomilast (52%) or the 50 mg tetomilast
39%) groups (intent-to-treat population). Remis-
ion rates (DAI 0-1) were 7%, 16%, and 21%, respec-
ively (not significant). Mean reduction in DAI at
eek 8 was greater in the 25-mg group than under
lacebo (2.8 � 0.4 vs 1.7 � 0.36, respectively, P �

041) and approached statistical significance in the
0-mg group (2.8 � 0.46, P � .056). A post hoc
nalysis focusing on patients with high activity
cores (baseline DAI 7–11) suggested differences
etween tetomilast and placebo that will require
urther investigation. No significant safety con-
erns were raised. Main adverse effects included
astrointestinal problems (nausea, vomiting) and
ere preferentially seen in the 50-mg tetomilast
roup. Conclusions: This phase II trial of tetomi-
ast in ulcerative colitis did not achieve statistical
ignificance for the primary end point. Secondary
nd points indicate a potential clinical activity of
etomilast. The post hoc analysis suggests that fur-
her clinical development should focus on patients

ith objective parameters of inflammation.
lcerative colitis (UC) is a chronic, relapsing inflam-
matory disease of the colon and rectum character-

zed by alternating episodes of remission and spontane-
us relapse.1–3 Clinical characteristics include rectal
leeding (RB), diarrhea, and abdominal pain as well as
xtraintestinal manifestations involving the skin, liver,
nd other sites.4 Although the etiology of UC remains
nknown, a dysregulation or overstimulation of the mu-
osal immune system appears to play a critical role in the
athophysiology of intestinal inflammation and contrib-
tes to mucosal ulceration.5–7 Pharmacotherapy of ulcer-
tive colitis is based on aminosalicylates, glucocorticoids,
nd various immunosuppressants and recently includes
ntibodies that target tumor necrosis factor (TNF) (eg,
nfliximab).3,8,9 Although these drugs can provide clinical
enefit, reduce signs and symptoms of disease, and im-
rove quality of life, most do not significantly alter the

ong-term course of the disease or the underlying immu-
opathology. An additional burden is caused by comor-
idities induced by adverse effects of some of these drugs.
hus, an unmet medical need exists for effective, safe,
nd well-tolerated orally active agents for inducing and
aintaining remissions for patients with UC.
Leukocytes are among the main drivers of inflamma-

ory pathophysiology in UC. An increased release of spe-
ific chemokines and proinflammatory cytokines has
een associated with the mucosal inflammation of UC; in
ddition, accentuated production of destructive effector
olecules including reactive oxygen species and proteo-

ytic enzymes has also been demonstrated.10 –15 Conse-
uently, pharmacologic interventions that interfere with
he activation of neutrophils and the release of destruc-
ive mediators are anticipated to have a significant role in
he management of this disease.

Abbreviations used in this paper: DAI, Disease Activity Index; FS,
exible sigmoidoscopy; IBDQ, Inflammatory Bowel Disease Question-
aire; LOCF, last observation carried forward; PDE, phosphodiesterase;
B, rectal bleeding.
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January 2007 TETOMILAST IN ACTIVE ULCERATIVE COLITIS 77
Tetomilast was identified through an in vitro screening
f thiazole-based compounds for anti-inflammatory
roperties in neutrophils.16 Preclinical studies have dem-
nstrated that tetomilast inhibits several specific proin-
ammatory functions of activated leukocytes including
he release of superoxide anions and proteases. Tetomi-
ast is active in a wide range of animal models for inflam-

atory bowel disease (IBD).17–21 In vivo, tetomilast pro-
ected epithelial cells and barrier integrity against
xidative stress in animal models.22 Although its mech-
nism of action has not been fully elucidated, tetomilast
s known to inhibit phosphodiesterase-4 (PDE4) as one
f the target molecules.22–25 The inhibition of PDE4 has
ecome a promising therapeutic mechanism for the de-
elopment of anti-inflammatory drugs in various indica-
ions.26 Its inhibition leads to a significant decrease in
ctivation of proinflammatory cytokines and inflamma-
ory signal transduction.27

The results of this study indicate a potential clinical
fficacy of tetomilast in the management of active UC
nd gave rise to a presently ongoing large phase III
rogram.

Materials and Methods
Patient Populations
Outpatients (male or female) 18 – 80 years of age

ith a clinical diagnosis of mild to moderately active UC
nvolving the colon proximal to 15 cm above the anal
erge and with a baseline Disease Activity Index (DAI)28

core of 4 to 11 were eligible. The DAI is a composite
ndex of 4 subscores (ie, stool frequency, RB, flexible
roctosigmoidoscopy (FS), and Physician’s Global As-
essment), each with a 4-point scoring scale (covering
alues from 0 –3).28 Total scores can range from 0 to 12.
s an additional eligibility requirement, the component

cores for RB and FS before the start of treatment each
ad to be �1. Patients on a stable dose of mesalamine

regardless of dose) for at least 14 days prior to the start
f treatment or patients not being treated with me-
alamine were eligible for inclusion in the study. No
ther concomitant medication with activity in UC was
llowed. Patients were of non-childbearing potential or
ractised acceptable forms of birth control.
This study was conducted in 35 outpatient clinics in

he United States under the Food and Drug Administra-
ion’s Investigational New Drug (IND) exemption. It was
erformed in compliance with the ethical principles for
he protection of human research subjects, which have
heir origins in the Declaration of Helsinki and with
good clinical practice” and was approved prior to its
onduct by the local institutional review boards or ethics
ommittees.

Study Design
This multicenter, randomized, double-blind, pla-
ebo-controlled study was designed to assess the efficacy w
nd safety of tetomilast in patients with mild to moder-
tely active UC. Patients were randomized to 1 of the 3
reatment groups in a parallel group design. Patients
ere randomized in a 1:1:1 ratio (25 mg tetomilast/50
g tetomilast/placebo) across study centers, and ran-

omization was stratified based on the use of concomi-
ant mesalamine therapy. With the exception of the pro-
rammer and project statistician performing the interim
nalyses, all persons involved in the conduct and man-
gement of the study were blinded to the individual
atient treatment assignments until after the database
as locked. The blind was not broken for any patient
uring this study.
Patients returned to the study facility for study visits

fter 2, 4, and 8 weeks of treatment for scheduled eval-
ations. The DAI was scored at week 4 and week 8, and
he clinical part of the DAI (all 3 subscores excluding the
S procedure) was scored at week 2. A patient diary of UC
ymptoms (number of stools, RB, abdominal pain, gen-
ral well-being, bowel urgency) from the 3-day period
receding the study visit and the investigator’s assess-
ent during the visit were used as the basis for the DAI

coring by the investigator. The end point for the intent-
o-treat (ITT) analysis was either the last visit in the
-week treatment period or the termination visit if pa-
ients left the study (last data carried forward approach).

Interventions
Tetomilast tablets (25 mg) and matching placebo

ablets for oral administration were manufactured by
tsuka Pharmaceutical Company, Ltd. (Tokushima, Ja-
an). Study medication was packaged in blister cards in a
ouble-dummy fashion by Clinical Trial Services (Audu-
on, PA). Each patient was instructed to take 2 tablets
er day in the morning after breakfast. Patients were
andomized to receive tetomilast 25 mg, tetomilast 50

g, or placebo once daily for up to 8 weeks. Patients
andomized to the tetomilast 25-mg treatment group
eceived 1, 25-mg tablet of tetomilast and 1 placebo
ablet. Patients randomized to the tetomilast 50-mg
reatment group received 2, 25-mg tablets of tetomilast.
he control group received 2 placebo tablets. Prohibited
edications included any drug used for anti-inflamma-

ory treatment of IBD other than mesalamine in stable
ose (eg, glucocorticoids, immunosuppressives, biologic
gents, antibiotics, rectal topical therapies, acetylsalicylic
cid, nonsteroidal anti-inflammatory drugs, probiotics
ncluding Lactobacillus acidophilus, nicotine resin, warfarin,
ismuth subsalicylate, and loperamide hydrochloride).

Efficacy
The primary efficacy parameter was improvement

t week 8 for the tetomilast 50-mg group compared with
he placebo group. Improvement was defined as a reduc-
ion of �3 points in the total DAI score in comparison

ith the baseline DAI score. The protocol specified pa-
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ients from the ITT cohort with available DAI scores (last
bservation carried forward; LOCF) as the analysis pop-
lation (the “efficacy population” see below). The pri-
ary efficacy parameter “improvement” was also ana-

yzed in the ITT population in which all patients with
ncomplete clinical data sets were counted as failures.
econdary end points included proportion of patients in
emission (DAI score, 0 –1), clinical improvement at week
, change from baseline in total DAI score and DAI
omponent scores, change from baseline in quality of life
ased on the 32-item Inflammatory Bowel Disease Ques-
ionnaire (IBDQ),29,30 proportion of patients with im-
rovement in the FS score, time to clinical improvement

number of days from randomization to the first visit
ith clinical improvement), and time to remission (num-
er of days from randomization to the first visit with
emission).

Safety
Safety parameters included physical examination

ndings, clinical laboratory results, vital signs, electrocar-
iograms, and adverse events. All patients who had taken
t least 1 dose of study medication after randomization
ere included in the safety analysis.

Populations and Statistics
The ITT population comprised 186 subjects (62 in

ach group). Both a baseline and a postbaseline efficacy
valuation were available for 178 of the 186 randomized
ubjects: 60, 57, and 61 subjects at 25 mg, 50 mg, and
lacebo, respectively. The missing 8 subjects had none of
he DAI subscores completed. For 15 subjects, the DAI
otal score at week 8 or at the study end visit, respectively,
as missing. The primary analysis was based—as specified

n the protocol— on a comparison of the available DAI at
tudy end to baseline and therefore included 163 remain-
ng subjects (58, 50, and 55, respectively) who had both a
aseline and a postbaseline total DAI score. This popu-

ation was predefined in the protocol and the statistical
nalysis plan. Additionally, the ITT population was ana-
yzed for the primary efficacy parameter “improvement.”

The sample size estimation (62 subjects in each arm of
he study) was based on 80% power (at a 2-tailed .05
ignificance level) to detect a treatment difference of 25%
n the proportion of patients with clinical improvement
n the tetomilast group compared with the placebo
roup. For the primary efficacy analysis only, the level of
ignificance was adjusted to � � 0.0488 (2-sided) because
f the performance of a planned interim analysis. The
omparison between the tetomilast group and the pla-
ebo group was made using the Cochran-Mantel-Haens-
el test, with mesalamine use as a stratification factor. In
he LOCF approach, missing data at a postbaseline visit
ere imputed by the data obtained at the nearest preced-

ng visit. All other statistical tests for the efficacy analyses

ere 2-sided and performed at the � � 0.05 level of c
ignificance using both the LOCF approach and observed
ases (OC; ie, without imputation). The Cochran-Mantel-
aenszel test stratified by use of mesalamine at the .05

evel (2-sided) was used for the secondary parameters of
linical improvement. An analysis of covariance was used
o compare mean change from baseline in total DAI and
BDQ global scores, whereas the Cochran-Mantel-Haen-
el test was used to analyze changes in DAI subscores. All
ata are provided as means � standard error of mean

SEM) unless indicated otherwise.
To facilitate the design of further clinical studies with

etomilast, post hoc analyses were conducted after the
nal analysis was completed for identifying the patient
opulation in which tetomilast showed the greatest effi-
acy. The end point for the post hoc analysis was a
edefined clinical improvement documented by an RB
ubscore of 0 or 1 plus improvement in at least one other
AI subscore. This analysis was conducted at week 8

LOCF) for all 178 subjects (60, 57, and 61) who were
ncluded in the efficacy population. In addition, this
nalysis was then conducted on patients stratified by
heir baseline DAI scores (�7 and �7). In a second
ound, “remission” was also analyzed in the post hoc
opulation. Results of the post hoc analyses are identi-
ed in the Results section as “post hoc analyses” to
istinguish them from the analyses planned in the pro-
ocol.

All patients who received at least 1 dose of study
edication after randomization were included in the

afety analysis. Descriptive statistics were used to sum-
arize safety variables (inferential statistics were not

sed). All adverse events were coded for consistency using
he Medical Dictionary for Regulatory Activities. Shift
ables were used to assess changes from baseline in lab-
ratory values with respect to the normal ranges. Data
ntry utilized Clintrial software (Phase Forward Inc.

altham, MA), version 3.3, and data analysis was per-
ormed by Otsuka Maryland Research Institute, primarily
ith Statistical Analysis System software, version 6.12

SAS Institute, Cary, NC).

Results
Patient Populations
The first patient was randomized to the study on

uly 12, 2000, and the last patient completed the study on
ecember 11, 2001. A total of 212 patients were screened,

86 patients were randomized to treatment (62 to each
reatment group), and 122 of 186 patients (65.6%) com-
leted the full treatment phase of the study. Sixty-four
atients (34.4%) did not complete the study: 14 patients
rom the tetomilast 25-mg group (1 lost to follow-up, 6
ecause of adverse events, 1 because of noncompliance,
nd 6 withdrew consent), 27 from the tetomilast 50-mg
roup (13 because of adverse events, 5 because of non-

ompliance, 2 for protocol violations, and 7 withdrew
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onsent), and 23 patients from the placebo group (13
ecause of adverse events, 2 because of protocol viola-
ions, and 8 withdrew consent). An increased activity of
C was the stated reason for withdrawal for 17 patients.
ore patients were withdrawn for this reason from the

lacebo group (10 patients) than from the tetomilast
5-mg (3 patients) and 50-mg (4 patients) arms. All
atients with incomplete assessment of DAI scores at
eeks 4 or 8 (n � 23) were part of the 64 patients who
id not complete the study.
The total and component DAI scores at baseline were

imilar across the 3 treatment groups (Table 1). The
roportion of patients with more extensive disease was
reater in the tetomilast groups than in the placebo
roup (disease extending the left colon: 40.3% in the
etomilast 25-mg group, 30.7% in the 50-mg group, and
0.9% in the placebo population, Table 1). The use of
esalamine (oral or rectal) and/or oral sulfasalazine was

eported at baseline by 75.3% of patients. There were no
pparent imbalances across treatment groups for any of
he demographic characteristics recorded (Table 1). Base-

able 1. Demographic and Baseline Disease Characteristics

Parameter
Tetomilast 25

n � 62

AI score, mean (SD) 7.4 (1.8)
Stool frequency subscore 1.9 (0.9)
Rectal bleeding subscore 1.6 (0.6)
Proctosigmoidoscopy subscore 2.0 (0.7)
Physician’s Global Assessment (subscore) 1.9 (0.6)

xtent of disease, n (%)
Not known 6 (9.7)
Rectum only 1 (1.6)
Rectosigmoid 13 (21.0)
Left colon 17 (27.4)
Left and transverse colon 7 (11.3)
Pancolitis 18 (29.0)

ge (y), mean (SD) 43.5 (13.3)
eight (kg), mean (SD) 76.7 (17.5)
eight (cm), mean (SD) 171.5 (9.2)
emale sex, n (%) 29 (46.8)

OTE. Twenty-two subjects had a disease duration of 1 year or less wi
AI, disease activity index.

able 2. Primary Efficacy Parameter “Improvement”

Time point and analysis Tetomilast 25 m

TT population n � 62
atients with improvement (%) 32 (52)
valuea .07

OCF population n � 58
atients with improvement (%) 32 (55)
valuea .11

OTE. The Table demonstrates “improvement” at week 8 in the ITT
P values for comparison with placebo were derived from the Cochran–
improvement rates (LOCF population) as a secondary analysis were

16) patients in the tetomilast 50-mg group, and 16 (31%) patients in

ere based on patients in whom full DAI datasets were available.
ine parameters for patients who prematurely discontin-
ed the study mediation were not different from the
verall population (data not shown).

Efficacy
Primary efficacy analysis: improvement at study

nd. The primary end point “improvement” was defined
s a comparison of DAI scores between baseline and
tudy end resulting in a reduction �3 points. The pro-
ocol had specified the primary end point in an efficacy
opulation of patients in whom both baseline and study
nd DAI were available using LOCF. The analysis was per
efinition restricted to 163 patients in whom these data
ere available. In this primary analysis (clinical improve-
ent at week 8, Table 2), neither 25 mg tetomilast (32/58

atients, 55%, P � .108) nor 50 mg tetomilast (24/50
atients, 48%, P � .409) was significantly superior to
lacebo (22/55 patients, 40%). Percentages of improve-
ent in the 186 patients of the ITT population were 32

f 62 patients (52%), 24 of 62 patients (39%), and 22 of 62
atients (35%) for the tetomilast 25-mg, the tetomilast

e Patients Randomized

Tetomilast 50 mg
n � 62

Placebo
n � 62

Total
n � 186

7.5 (1.7) 7.5 (1.6) 7.5 (1.7)
2.1 (0.8) 1.8 (1.1) 1.9 (0.9)
1.6 (0.7) 1.7 (0.6) 1.6 (0.6)
2.0 (0.6) 2.1 (0.5) 2.0 (0.6)
1.9 (0.6) 1.9 (0.5) 1.9 (0.5)

7 (11.3) 7 (11.3) 20 (10.8)
2 (3.2) 1 (1.6) 4 (2.2)

15 (24.2) 18 (29.0) 46 (24.7)
19 (30.6) 23 (37.1) 59 (31.7)
4 (6.5) 3 (4.8) 14 (7.5)

15 (24.2) 10 (16.1) 43 (23.1)
42.6 (14.5) 45.5 (13.7) 43.9 (13.8)
76.4 (20.0) 79.0 (19.8) 77.4 (19.0)

170.0 (9.5) 170.5 (8.6) 170.7 (9.1)
30 (48.4) 32 (51.6) 91 (48.9)

patients having been diagnosed less than 1 month before screening.

Tetomilast 50 mg Placebo

n � 62 n � 62
24 (39) 22 (35)

.71
n � 50 n � 55
24 (48) 22 (40)

.41

ation and the LOCF population (primary analysis population).
el–Haenszel test with mesalamine use as a stratification factor. Week
38%, P � .47) patients in the tetomilast 25-mg group, 20 (45%, P �
acebo group. The week 4 and week 8 analysis in the LOCF population
of th

mg

th 10
g

popul
Mant
18 (

the pl
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0-mg, and the placebo group, respectively (no signifi-
ant differences). Similar results were obtained for clini-
al improvement at week 4, which was a secondary end
oint (Table 2).

Secondary end point: remission. The proportion
f patients in remission as defined in the protocol by a
AI of 0 or 1 at the week 8 visit (ie, DAI score, 0-1) was

ow (7%) in the placebo group. Remission rates for the
5-mg and 50-mg groups were 16% (P � .24 vs placebo)
nd 21% (P � .08 vs placebo), in the ITT population,
espectively. The time to remission was not statistically
ifferent for either tetomilast-dose group compared with
he placebo group.

Secondary end point: analyses of DAI sub-
cores. Further secondary efficacy analyses using the
AI subscores were supportive of a clinical effect of

etomilast in UC. The mean reduction in total DAI scores
t week 8 was statistically significant for tetomilast 25 mg
reduction by 2.8 � 0.40) compared with placebo (reduc-
ion by 1.7 � 0.36, P � .041), and the comparison of
etomilast 50 mg with placebo approached statistical
ignificance (reduction by 2.8 � 0.46, P � .056) (Figure
). Both tetomilast groups showed numerical reductions

n all 4 of the DAI subscores (ie, RB, FS, stool frequency,
nd Physician’s Global Assessment) at week 8 compared
ith baseline and placebo in an exploratory analysis (Fig-
re 2). Reduction in RB was significantly greater in the
etomilast 25-mg group compared with the placebo
roup at week 8 (reduction by 1.0 � 0.12 vs 0.82 � 0.13,
espectively, P � .035). The reduction in stool frequency
n the tetomilast 50-mg (1.08 � 0.19) group was signif-

igure 1. Mean changes in DAI score (LOCF). Values indicate mean
hange from baseline in total DAI scores with standard errors of means.
n analysis of covariance (including baseline DAI score, treatment
roup, and concomitant mesalamine use in the model) was used for
alculating statistical significance of tetomilast 25 mg and 50 mg vs
lacebo at weeks 4 and 8 of treatment. Lower total DAI scores indicate

ess disease activity. Total DAI scores ranged from 0 (no disease) to 12
severe disease).
cantly different from placebo (0.58 � 0.18) at week 8 (P l
.05). Reductions in sigmoidoscopy scores differenti-
ted from placebo at week 4 in the tetomilast 25-mg
roup (0.66 � 0.11 vs 0.33 � 0.15, respectively, P � .03)
nd at week 8 in the 50-mg group (0.91 � 0.16 vs 0.54 �
.13, respectively, P � .05). Reduction in the Physician’s
lobal Assessment score was significantly greater in pa-

ients treated with tetomilast 25 mg compared with pla-
ebo at week 4 (0.59 � 0.09 vs 0.33 � 0.09, respectively,

� .05) and at week 8 (0.92 � 0.14 vs 0.53 � 0.12,
espectively, P � .04). The P values that were detailed
bove were not corrected for multiple testing (16 parallel
ests were carried out).

Secondary end point: IBDQ. The mean IBDQ
cores increased by 36.3, 24.5, and 15.8 points in the
5-mg, the 50-mg, and the placebo groups at week 8 from
aseline, respectively. The comparison of IBDQ scores
btained at each patient’s last visit demonstrated that
atients treated with tetomilast 25 mg had significantly
igher quality-of-life scores than did patients treated
ith placebo (166 in the 25-mg group vs 151 under
lacebo, P � .006). Differences between the 50-mg group

IBDQ score 161) and placebo did not achieve statistical
ignificance.

Post Hoc Analyses of Study Outcome
The high percentage of placebo improvement

ates could potentially be attributed to 2 factors: (1) that
he criteria used for clinical improvement (ie, the primary
nd point) were not sufficiently stringent or (2) that less
ctive patients could have over proportionally contrib-
ted to the placebo signal. Based on this hypothesis, a
ost hoc analysis was conducted with the additional

ntention to define the patient population and end
oints for the further clinical development program of
etomilast. In this analysis, the improvement end point
as evidenced by a decrease of the DAI by �3 points) was
hanged to a more stringent definition by requiring a
ostbaseline RB score of 0 or 1 and an improvement of at

east 1 point in at least 1 other component of the DAI.
he post hoc analysis also investigated whether the clin-

cal effects of tetomilast were greater in patients with
ore significant symptoms at baseline as defined by a

igher baseline DAI score (ie, 7–11) or by objective com-
onents of the DAI that are clearly linked to inflamma-
ory activity (ie, high RB and FS scores). Using this much
tricter end point of clinical improvement, the difference
etween the tetomilast 25-mg group and the placebo
roup at week 8 was statistically significant (75% vs 43%,
espectively, P � .0004) (Table 3). A marked difference in
lacebo responses was seen between mildly to moderately
ctive (65% in patients with a DAI score of 4 – 6) and
oderately to severely active patients (34% for a DAI

core of 7–11; P � .03, Table 3). This led to clearer
eparation between tetomilast groups in comparison
ith placebo in the more severe patients (25 mg tetomi-
ast: 76%, P � .0002; 50 mg tetomilast: 57%, P � .0506 as
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ompared with 34% placebo. Further tightening of base-
ine activity criteria for patients (RB � 2 plus FS � 2)
trengthened this difference (Table 3, P � .0024 for
atients on active drug vs placebo). Figures for remission
how a similar tendency, although patient numbers in
he groups become small (Table 4).

An additional round of post hoc analysis used the
mprovement and remission definitions that were re-
ently used in a large trial of infliximab in UC.31 Improve-
ent (defined as a reduction of the DAI score by at least
points and more than 30%) was seen in 40% of placebo

atients in contrast to 54% in the tetomilast 50-mg group
nd 45% in the 25-mg group, respectively (not signifi-
ant). Remission as defined by a total DAI score of 1 with
cores of zero in both the endoscopy and the RB sub-
cales was achieved by 7%, 18%, and 10%, of patients,
espectively (placebo, tetomilast 50 mg, and tetomilast 25

g).

Safety
The most common adverse events (�5% inci-

ence) occurring after the start of treatment with teto-
ilast were nausea, vomiting, fatigue, dizziness, and

eadache. These events have been commonly observed in
ther studies of tetomilast and are probably class specif-

c.32 The incidences in the tetomilast 25-mg, tetomilast
0-mg, and placebo groups, respectively, were as follows:
%, 29%, 13% for nausea; 5%, 7%, 2% for vomiting; 7%, 3%,
% for fatigue; 0%, 7%, 2% for dizziness; and 26%, 23%,
0% for headache. Nausea and vomiting were self-limit-

ng complications that were mainly seen in the 50-mg
etomilast group and occurred mostly within the first 7
ays of treatment. Nausea led to 4 early terminations.
he start day (counted from randomization) for the

nitial adverse event reports on nausea ranged from day 1
o day 42 for the tetomilast 50-mg group, from day 1 to
ay 33 for the 25-mg group, and from day 1 to day 41 for
he placebo patients. The median start dates were day 1
n the tetomilast 50-mg group, day 7 in the 25-mg group,
nd day 10 in the placebo population. Median durations
f this adverse effect were 12 days in the tetomilast 50-mg
roup, 13 days in the 25-mg group, and 3 days in the
lacebo group.
Serious adverse events (7 total) were reported in 3 pa-

ients (5%) in each of the tetomilast 25-mg and 50-mg dose

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
igure 2. Mean changes in DAI subscores for all subjects (observed
ases). Values indicate mean change from baseline in DAI subscores
ith standard errors of means. Significances were calculated using the
ochran–Mantel–Haenzel test. The stool frequency subscore ranged

rom 0 (normal number of stools) to 3 (5 or more stools than usual); the
ectal bleeding subscore ranged from 0 (no blood seen) to 3 (blood
lone passed); the flexible sigmoidoscopy subscore ranged from 0
normal or inactive disease) to 3 (severe disease, spontaneously bleed-
ng, ulceration); Physician’s Global Index score ranged from 0 (normal)

o 3 (severe disease).
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roups and in 1 patient (2%) in the placebo group. In the
etomilast 25-mg group, iron deficiency anemia, pulmonary
mbolism, and aggravated UC were serious events consid-
red by the investigator as unrelated to the study drug. In
he tetomilast 50-mg group, aggravated vomiting and ag-
ravated UC were considered possibly related, whereas an
vent of reactivated UC was considered unrelated. In the
lacebo group, a transient ischemic attack was reported as a
erious event. There were no deaths in the study.

Thirty-two patients (17%) discontinued the study med-
cation because of adverse events. Seventeen of the 32
atients were withdrawn for aggravated UC, and, of
hese, the majority (10/17) were from the placebo group,
ompared with 3 patients from the tetomilast 25-mg
roup and 4 from the 50-mg group. Six of the 32 patients
ere withdrawn because of nausea: 1 in the tetomilast
5-mg group and 5 in the 50-mg group. Other adverse
vents causing withdrawal (1 patient per adverse event)
ere abdominal pain, hypersensitivity, headache, palpita-

ions, defecation urgency, dyspepsia, rectal hemorrhage,
nd erythema nodosum.

able 3. Post Hoc Analyses of Using a Redefined Clinical Im

Population
Tetomilas

n �

ll patients (DAI score �4 to �11 at
baseline)

n �

With improvement, n (%) 45 (
P value against placeboa .00

atients with DAI score �4 to �7 at baseline n �
With improvement, n (%) 16 (
P value against placeboa .73

atients with DAI �7 to �11 at baseline n �
With improvement, n (%) 29 (
P value against placeboa .00

atients with RB �2 and FS �2 at baseline n �
With improvement, n (%) 18 (
P value against placeboa .00

OTE. Clinical improvement was defined as a postbaseline RB score
AI, disease activity index; FS, flexible proctosigmoidoscopy; LOCF, l
P values derived from Fisher exact test.

able 4. Post Hoc Analyses of Remission at Week 8

Population Teto

ll patients (DAI score �4 to �11 at baseline)
With remission, n (%)
P valuea

atients with DAI score �7 to �11 at baseline
With remission, n (%)
P valuea

atients with RB �2 and FS �2 at baseline
With remission, n (%)
P valuea

OTE. Remission is defined as DAI score � 0 or 1. Week 4 data we
arly termination of treatment.
AI, disease activity index; FS, flexible sigmoidoscopy; RB, rectal ble

P values from Fisher exact test.
Patients receiving tetomilast experienced slight weight
oss during the study compared with patients receiving
lacebo (0.1– 0.5 kg mean weight loss compared with
.3– 0.7 kg mean weight gain, respectively), which cannot
e explained by the reported occurrences of nausea and
omiting because adverse event reports indicate a very
mall overlay between the weight loss population and
hose individuals reporting nausea and/or vomiting.
reatment with tetomilast did not appear to affect ad-
ersely the clinical laboratory (ie, liver and renal function
ests, blood differential), vital signs, or electrocardiogram
esults. No safety concerns were raised during the study.

Discussion
UC and Crohn’s disease are chronic, relapsing or

emitting idiopathic disorders of the intestinal tract that
epresent the major forms of IBD. IBD can result in
ong-term disability and have serious consequences on
uality of life, and surgery is commonly required for both
isorders.33 The ideal therapeutic goal is to cure the

ment at Week 8

mg Tetomilast 50 mg
n � 57

Placebo
n � 61

n � 57 n � 61

34 (60) 26 (43)
.069

n � 15 n � 17
10 (67) 11 (65)
1.0000
n � 42 n � 44
24 (57) 15 (34)
.0506
n � 24 n � 35
11 (46) 9 (26)

16

r 1 and at least a 1-point reduction in at least 1 other DAI subscale.
bservation carried forward; RB, rectal bleeding.

t 25 mg Tetomilast 50 mg Placebo

58 n � 50 n � 55
6) 10 (20) 4 (7)

00 .0833
37 n � 37 n � 39
4) 7 (19) 1 (3)

33 .0266
25 n � 20 n � 30
8) 4 (20) 0 (0)
20 .0210

rried forward to week 8 if the week 8 data were missing because of

.

prove

t 25
60

60

75)
04
22
73)
02
38
76)
02
25
72)
06

of 0 o
ast o
milas

n �
9 (1
.24
n �
5 (1
.10
n �
2 (
.20

re ca

eding
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isease or at least to modify its natural course. However,
his goal is not achieved with currently available therapy.
resently, primary objectives include improvement of pa-
ients’ quality of life by reduction of disease activity and

aintenance of remissions. The widely accepted ap-
roach in treatment of UC is an escalation that starts
ith nontoxic and well-tolerated therapeutic agents. Ac-

ordingly, 5-aminosalicylate-based compounds are widely
sed, which are effective and tolerated in 50%– 60% of
atients with mild-to-moderate UC. However, there is a
ignificant patient population that either does not re-
pond to 5-aminosalicylate-based products or cannot tol-
rate them and then requires other therapy such as glu-
ocorticoids. Although glucocorticoids are effective in
emission induction in most 5-aminosalicylate refractory
atients, they have significant early and long-term ad-
erse effects. Glucocorticoids have no maintenance capa-
ility. Furthermore, at least 30% of patients do not re-
pond to glucococorticoid therapy, which is an
ndication for the use of broadly acting immunosuppres-
ives (eg, azathioprine, 6-mercaptopurine, and metho-
rexate) and subsequently targeted biologics (ie, anti-TNF
herapy with infliximab).3

The currently available drugs have been of value in
xtending inflammation-free phases of remission, reduc-
ng early death rates, and providing symptomatic relief
ut, in general, do not provide long-term control of
isease progression or influence the underlying immuno-
athology.33 Several biologic therapies including mono-
lonal antibodies, peptides, and antisense oligonucleo-
ides are being investigated for use in the management of
BD and, in some cases, have shown impressive clinical
ctivity.3,9,31,34 –37 Many of the biologics are associated
ith various shortcomings, including serious adverse ef-

ects, need for parenteral administration, risk of eliciting
n immune response against the therapeutic agent (im-
unogenicity), and high cost. This apparent unmet ther-

peutic need for an effective and well-tolerated oral med-
cation for UC has prompted research for novel small

olecules that are specifically targeting molecular events
n the underlying immunopathology.

This phase II clinical trial represents the first study of
he novel thiazole compound tetomilast in the treatment
f patients with active UC. The primary end point, a
reatment difference between the 50-mg group and pla-
ebo for clinical improvement as defined by a reduction
f �3 points in the total DAI score, was not statistically
ignificant. The 50-mg group showed a high drop-off rate

ostly because of nausea and vomiting, which were drug-
nduced adverse effects that, although often of self-lim-
ting nature, diminished the number of patients available
or analysis. Per the sample size estimation, a 25% treat-

ent difference between treatment group and placebo
ould have been statistically detectable, whereas the ob-

erved difference was 12%. Notably, a high rate of clinical

mprovement was seen in the placebo group. High pla- r
ebo response and remission rates appear to be a feature
f recent clinical trials in IBD.38,39 A high placebo re-
ponse could be associated with a low disease activity at
nclusion and to the use of subjective outcome parame-
ers in the definition of “response” as an end point.
lacebo remission rates observed in the trial (7%) were in
he range that is expected.28,31 This would argue against
problem in the selection of the patient population for

he trial.
Secondary analyses were conducted to provide better

nsights into the putative clinical activity of tetomilast.
ean changes from baseline in total DAI scores demon-

trated significant treatment differences between 25 mg
etomilast and placebo as well as in subscores for RB and
hysician’s Global Assessment. A high proportion of pa-
ients with mild activity and increased DAI scores mainly
ased on subjective parameters may have obscured the
ignal of response to the drug. Post hoc analyses in the

oderately to severely active patients (DAI between 7 and
1, inclusive; and RB �2 plus FS �2) confirmed this
ypothesis with a significant difference between placebo
nd tetomilast, especially in the 25-mg dose group (Ta-
les 3 and 4). A redefinition of end points that specified
n improvement in RB by �2 points from baseline pro-
ided the largest difference in efficacy between tetomilast
nd placebo. Thus, assessment of RB, which like sigmoid-
scopy is immediately linked to mucosal inflammation,
ould represent a stable component of the DAI score that
etter suited as an end point than subjective components
f the score for evaluation of efficacy in randomized
rials. An additional indirect support to this post hoc-
erived conclusion that tetomilast may be clinically ac-
ive is given by the observation that fewer patients were
ithdrawn because of aggravated UC in the active treat-
ent groups than in the placebo group. This potential

herapeutic effect of tetomilast should be directly con-
rmed in the future phase III trial.
The second part of the post hoc analysis applied the

efinition for improvement and remission used previ-
usly in other large trials.31 From this analysis, it appears
hat the patient population that has been recruited for
he trial presented here would be not far different from
ther trials conducted in moderate to severe UC. The
roportion of patients achieving remission in the defini-
ion of a total DAI score of 0-1 was low regardless of
reatment group (16% and 21% for the tetomilast 25-mg
nd 50-mg groups, respectively, vs 7% for the placebo
roup). Low overall remission rates using a hard defini-
ion have been seen in older trials evaluating 5-aminosa-
icylate compounds vs placebo, in which a clear differen-
iation from placebo was achieved.28,40 The hard
efinition of remission used in this trial included a fully
ormal sigmoidoscopic appearance of the mucosa that
as required to achieve a rating of 0. However, sigmoid-
scopy findings in chronically active UC patients may not

evert to a fully normal appearance in response to ther-
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py but may rather reach an inflammation-free state that
s characterized by an intact mucosal surface but without
ransparence to the vasculature. Therefore, some other
tudies in UC have previously employed less restrictive
efinitions of remission by defining “symptomatic remis-
ion” (using only the clinical activity index) or have de-
ned endoscopic improvement as an inflammation-free
tate (modifying the Baron score) or developed other
ndices of remission.28,41– 47 For the phase III develop-

ent of tetomilast, the question arises whether a defini-
ion of remission based on the total DAI score reflects the
nti-inflammatory activity of a drug or whether an in-
ammation-free state with an RB score of zero combined
ith an absence of inflammation by sigmoidoscopy
ould not be more meaningful as an instrument to prove

linical efficacy.
The clinical efficacy of tetomilast in active UC that is

uggested by this trial would be consistent with the
nti-inflammatory properties observed in vitro and in
nimal models.15–27 Once-daily oral administration of
etomilast significantly reduces the area of colonic ero-
ions/ulcerations and the incidence of diarrhea in animal

odels of colitis17–22; efficacy was associated with signif-
cant suppression of tissue levels of TNF-�, myeloperoxi-
ase, and thiobarbituric acid-reactive substances.17–21 Inhibi-
ion of neutrophil infiltration into colonic tissue and
uppression of proinflammatory cytokine production and
uperoxide anion release appear to be important aspects of
he mechanism of action of tetomilast in suppressing co-
onic ulceration.

The major adverse effects of tetomilast were upper
astrointestinal symptoms, which appear to be drug class
ffects of PDE4 inhibitors, which is a major characteristic
f tetomilast. The clinical utility of PDE4 inhibitors,
hich have been preferentially developed for indications

n pulmonary medicine, has been compromised by po-
ent gastrointestinal adverse effects, including nausea
nd vomiting. In the current study, the incidence of
ausea was highest in the tetomilast 50-mg group and
as the cause of the most patient withdrawals in this
roup. Based on this observation, doses higher than 50
g cannot be tested for patients with UC. In studies of

ilomilast, a typical PDE4 inhibitor developed for pul-
onary indications, gastrointestinal tolerance was im-

roved by dosing with food and by progressive upward
itration of the dose.48

In conclusion, in this phase II study, once-daily dosing
f tetomilast has suggested potential efficacy in the treat-
ent of UC, especially in patients with higher disease

everity. Once-daily dosing as used for tetomilast will
ave an advantage over multiple daily dosing in securing
atient compliance with treatment and may reduce non-
ompliance.49,50 The efficacy of tetomilast may be en-
anced if patients are able to tolerate higher doses, which
ay be improved by dose-titration regimens introduced
nto the phase III development program. Most impor-
antly, the phase III studies will put the hypothesis to the
est that a clear demonstration of disease activity at
nclusion and the use of end points that are directly
elated to inflammatory activity in UC such as RB and
igmoidoscopy scores may result in low placebo response
ates and hence a clearer demonstration of drug efficacy.
igid end points will also provide the ability to judge the

rue therapeutic potential of the substance. The results of
his trial suggest an anti-inflammatory biologic activity
f tetomilast. Clinical usefulness will depend on a proof
f efficacy and documentation of clinically meaningful
emission rates. A large and adequately powered phase III
rogram for an assessment of the efficacy and safety
rofile of tetomilast for the treatment of active UC is
urrently under way.

Appendix

The following principal investigators and centers
articipated in the study: Charles F. Barish (Raleigh, NC),
hilip C. Bird (Norman, OK), Jeffrey R. Breiter (Manches-
er, CT), Judith F. Collins (Portland, OR), Ben J. Dolin
Peoria, IL), Charles O. Elson (Birmingham, AL), Gulchin
. Ergun (Houston, TX), Seymour Katz (Great Neck, NY),

ohn S. Goff (Arvada, CO), Stephen B. Hanauer (Chicago,
L), David S. James (Tulsa, OK), Lori Kam (Los Angeles,
A), Steven Krumholz (West Palm Beach, FL), Daniel E.
remillion (Nashville, TN), Kim L. Issacs (Chapel Hill,
C), David A Johnson (Norfolk, VA), Joshua Korzenik

St. Louis, MO), Mark Lamet (Hollywood, FL), Bret A.
ashner (Cleveland, OH), Philip B. Miner (Oklahoma
ity, OK), Herbert Rubin (Beverly Hills, CA), Jerrold L.
chwartz (Arlington Heights, IL), Timothy C. Simmons
Los Angeles, CA), Gary R. Lichtenstein (Philadelphia,
A), Daniel J. Pambianco (Charlottesville, VA), Howard
chwartz (Miami, FL), Bavikatte N. Shivakumar (Daven-
ort, IA), Willem De Villiers (Lexington, KY), Douglas
olf (Atlanta, GA), Isaac Bassan (Miami Beach, FL),
ichael M. Gaspari (Charlotte, NC), William M. Pan-

ak (Richmond, VA), Lawrence D. Wruble (Memphis,
N), David Dozer (Greenfield, WI), Ali Keshavarzian

Chicago, IL).
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