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Anti-MAdCAM antibody (PF-00547659) for ulcerative colitis
(TURANDOT): a phase 2, randomised, double-blind,
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Summary

Background PF-00547659 is a fully human monoclonal antibody that binds to human mucosal addressin cell adhesion
molecule-1 (MAdCAM-1) to selectively reduce lymphocyte homing to the intestinal tract. We aimed to assess the
efficacy and safety of PF-00547659 in patients with moderate to severe ulcerative colitis.

Methods This phase 2, randomised, double-blind, placebo-controlled clinical trial recruited patients aged 18—65 years
from 105 centres in 21 countries, with a history (=3 months) of active ulcerative colitis extending more than 15 cm beyond
the anal verge (with a total Mayo score =6 and a Mayo endoscopic subscore =2) who had failed or were intolerant to at
least one conventional therapy. Patients were stratified by previous anti-TNFa treatment, and randomly assigned by a
computer-generated randomisation schedule to receive a subcutaneous injection of 7- 5 mg, 22-5 mg, 75 mg, or 225 mg
PF-00547659 or placebo at baseline, then every 4 weeks. Patients, investigators, and sponsors were blinded to the
treatment. The primary endpoint was the proportion of patients achieving remission (total Mayo score <2 with no
individual subscore >1 and rectal bleeding subscore <1) at week 12. The efficacy analysis included all patients who
received at least one dose of the randomised treatment; the safety analysis was done according to treatment received. All
p values were one-sided and multiplicity-adjusted. This study is registered with ClinicalTrials.gov, number NCT01620255.

Findings Between Nov 2, 2012, and Feb 4, 2016, we screened 587 patients; 357 were eligible and randomly assigned to
receive placebo (n=73) or PF-00547659 at doses of 7-5 mg (n=71), 22-5 mg (n=72), 75 mg (n=71), or 225 mg (n=70).
Remission rates at week 12 were significantly greater in three of four active-treatment groups than in the placebo
group (2-7% [two of 73]): 7-5 mg (11-3% [eight of 71]), 22-5 mg (16-7% [12 of 72]), 75 mg (15-5% [11 of 71]), and
225 mg (5-7% [four of 70]). These rates corresponded to a stratum-adjusted (anti-TNFa-naive and
anti-TNFo-experienced) risk difference versus placebo of 8-0% for 7-5 mg (90% CI 1.9 to 14, p=0-0425), 12-8% for
22-5 mg (5-6 to 19-9, p=0-0099), 11-8% for 75 mg (4-8 to 18-8, p=0-0119), and 2-6% for 225 mg (-1-2 to 6-4,
p=0-1803). Four of 73 (5-5%) patients had a serious adverse event in the placebo group, ten of 71 (14-1%) in the
7-5 mg group, one of 70 (1-4%) in the 22-5 mg group, three of 73 (4-1%) in the 75 mg group, and three of 70 (4-3%)
in the 225 mg group. No safety signal was observed for the study drug.

Interpretation PF-00547659 was safe and well tolerated in this patient population, and better than placebo for
induction of remission in patients with moderate to severe ulcerative colitis. The greatest clinical effects were observed

with the 22-5 mg and 75 mg doses.

Funding Pfizer.

Introduction
Ulcerative colitis is a chronic, relapsing disorder of
unknown cause, characterised by inflammation and
ulceration of the colonic mucosa.’? The disorder
contributes to substantial morbidity globally, with
incidence and prevalence continuing to increase over
time.” However, despite advances in treatment, many
patients do not respond to conventional therapies such as
5-aminosalicylic acid, thiopurines, corticosteroids, or anti-
tumour necrosis factor (INFa) antibodies. Therefore,
compounds with novel mechanisms of action are needed
to induce and maintain clinical and endoscopic remission.*
The role of adhesion molecules in mediating the
migration of lymphocytes into sites of inflammation in
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the gut has made them an attractive target in the
treatment of inflammatory bowel disease.” Mucosal
addressin cell adhesion molecule (MAdCAM) is mostly
expressed on the cell surface of high endothelial venules
of organised intestinal lymphoid tissue such as Peyer’s
patches and mesenteric lymph nodes, and binds the a4f37
integrin on populations of gut-homing CD4+ and CD8+
memory T cells.® Anti-a4f37 integrin antibody therapy
with vedolizumab is effective for induction and
maintenance of clinical and endoscopic remission in
ulcerative colitis.” Agents directly blocking MAdCAM
have not yet been studied in this indication.

PF-00547659 is a fully human monoclonal antibody
that inhibits binding of the a4f7 integrin to human
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Research in context

Evidence before this study

Patients with ulcerative colitis often do not respond to
treatment, so there is a need for new treatment options.

Cell adhesion molecules have an important role in mediating
lymphocyte migration into the gut and represent a promising
target for treatment in ulcerative colitis. Mucosal addressin cell
adhesion molecule (MAdCAM) is expressed primarily on the cell
surface of endothelial venules in gastrointestinal and associated
lymphoid tissues. We searched PubMed using the terms
“ulcerative colitis”, “mucosal addressin cell adhesion molecule”,
and “randomised clinical trial”. We found one first-in-human
phase 1 study, which explored the safety and efficacy of
PF-00547659, a monoclonal antibody to MAdCAM, in

80 patients with active ulcerative colitis. This study reported a
favourable short-term safety profile and preliminary clinical
efficacy and endoscopic response in patients treated with
PF-00547659 compared with placebo.

MAdCAM with high affinity and selectivity.® This phase 2,
randomised, double-blind, placebo-controlled clinical
trial was designed to assess the efficacy and safety of
PF-00547659 in patients with moderate to severe
ulcerative colitis.

Methods

Study design

TURANDOT was a 12-week, phase 2, randomised,
double-blind, placebo-controlled, parallel-group study
done from Nov 2, 2012 (first patient, first visit), to
Feb 4, 2016 (last patient visit), at 105 centres in
21 countries in Europe, North America, Africa, Asia, and
Oceania. The protocol was approved by the institutional
review board or ethics committee at each centre. All
patients gave written informed consent.

The protocol was amended twice. Amendment 1
clarified exclusion criteria, added withdrawal criteria,
and added details for the planned interim analysis.
Amendment 2 clarified the definitions of intolerance and
treatment failure, deleted inflammatory bowel disease
serology biomarker testing, and made administrative
changes to the protocol.

Patients

Eligible patients were aged 1865 years, with a history of
active ulcerative colitis (=3 months) extending more
than 15 cm beyond the anal verge (with a total Mayo
score’ =6 and a Mayo endoscopic subscore =2), without
fulminant colitis, who had not responded or were
intolerant to at least one conventional therapy, such as
5-aminosalicylic acid, steroids, immunosuppressants
(azathioprine, mercaptopurine, or methotrexate), or
anti-TNFa agents. For eligibility assessment, the Mayo
score was calculated with an endoscopic subscore
provided by the central reader. For efficacy analysis, the

Added value of this study

This is the first study to assess an anti-MAdCAM antibody as a
potential treatment for ulcerative colitis. The study met its
primary endpoint of inducing clinical and endoscopic remission
by week 12. Importantly, although clinical studies in patients
with ulcerative colitis have typically used locally read endoscopy
scores in efficacy assessments, our data also indicate that
blinded central endoscopy reads result in a more robust
assessment of potential efficacy than that obtained with
historical approaches based on local endoscopy reading.

Implications of all the available evidence

This study contributes to the growing body of evidence that cell
adhesion has an important role in ulcerative colitis and
suggests that inhibition of cell adhesion mediated by MAdCAM
could result in an effective therapy for ulcerative colitis. A large
phase 3 programme is underway.

endoscopic subscore was measured by a central reader
(Robarts Clinical Trials, London, ON, Canada) who was
blinded to treatment allocation.” The endoscopic
subscore was independently assessed by the local reader
for comparison. For anti-TNFa agents, treatment failure
was defined as either inability to respond to initial
therapy or relapse after an original response to therapy,
and intolerance was defined as the presence of clinically
significant side-effects, including hypersensitivity. For
immunosuppressants, treatment failure was defined as
continued disease activity despite treatment with a
therapeutic dose of azathioprine, mercaptopurine, or
methotrexate; intolerance was defined as a history of
having an wunacceptable or dose-limiting toxicity
associated with the use of the agent. Patients were
excluded if they had received more than 20 mg per day
of prednisone or an equivalent oral systemic
corticosteroid dose within 2 weeks before randomisation,
more than 6 mg per day of oral budesonide within
2 weeks before randomisation, or other biological agents
(including any anti-TNFa agents) within 6 weeks from
baseline or at randomisation.

Randomisation and masking

Patients were randomly assigned to one of five treatment
groups (placebo or PF-00547659 at doses of 7-5 mg,
22-5mg, 75 mg, or 225 mg) in a 1:1:1:1:1 ratio according
to a computer-generated randomisation schedule by
use of a stratified block randomisation method with a
block size of ten. Randomisation was stratified by the
status of previous treatment with anti-TNFa agents
(with patients classified as naive or experienced). The
study drug was administered by unblinded personnel
who were separate from the study team. Patients,
investigators, and sponsors were blinded to study
treatment.
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Procedures

The study drug (PF-00547659) was administered as three
subcutaneous injections of solutions containing either
75 mg/mL active treatment (7-5 mg, 22-5 mg, 75 mg, or
225 mg doses) or matching placebo into the lateral thigh,
abdomen, or deltoid. The study drug was administered at
baseline, then every 4 weeks. Patients attended the clinic at
screening, for randomisation (week O=baseline), and for
follow-up visits at weeks 2, 4, 8, and 12. For the Mayo score,
we measured stool and bleeding subscores as the average
of three values obtained 3 days before endoscopy, and
before initiation of a bowel preparation. Soluble MAACAM
(SMAdCAM) was measured at baseline and week 12
(Q2 Solutions, Ithaca, NY, USA). At the follow-up visits,
patients were assessed for safety, tolerability, and clinical
efficacy. At week 12, endoscopic efficacy was also assessed.

Outcomes

The primary endpoint was the proportion of patients
achieving remission (defined as a Mayo score <2 with no
individual subscore >1 and rectal bleeding subscore <1)
at week 12; the endoscopic subscore was centrally
assessed and also independently assessed by the local
reader for comparison. Secondary efficacy endpoints
were the proportion of patients with a clinical response
(defined as a decrease from baseline of Mayo score =3
with 230% change, accompanied by =1 point decrease or
absolute score of <1 in rectal bleeding subscore) at
week 12; the proportion of patients with mucosal healing
(defined as Mayo endoscopy subscore <1) at week 12; the
proportion of patients with a decrease from baseline in
partial Mayo score of 2 or less with no individual subscore
greater than 1 at weeks 4, 8, and 12; change from baseline
in total Mayo score at week 12, and in individual Mayo
subscores at weeks 4, 8, and 12; change from baseline in
faecal calprotectin and high-sensitivity C-reactive protein
(hsCRP) at weeks 4, 8, and 12; and change from baseline
in the simple clinical colitis activity index (SCCAI) score
at weeks 4, 8, and 12, and the proportion of patients with
anti-PF-00547659 antibodies at each follow-up visit and
cumulative through to week 12. The safety, tolerability,
and pharmacokinetic profile of PF-00547659 were also
assessed. Safety and tolerability were assessed by
recording observed or reported adverse events and by
physical examination, monitoring of vital signs, and
clinical laboratory assessments.

Statistical analysis

The sample size calculation was based on the
three-parameter maximum drug response (E,,) model,
which assumes a monotone dose response; hence,
multiplicity adjustment was not required in the power
calculation. The null hypothesis was that there is no
difference from placebo in remission at week 12, with a
remission rate of 15% for all groups. The alternative
hypothesis was that there is an increasing dose-response
relationship, with a remission rate of 15% for placebo
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and remission rates for all active doses falling on an
underlying E . curve. This remission rate was selected
on the basis of the sponsor’s internal meta-analysis of
previous pivotal studies of biological agents for ulcerative
colitis. The confidence interval for the placebo remission
rate included the value of 15%, which provided a
conservative estimate for sample size planning consistent
with the available information at the time the study was
designed. The dose concentration required to produce
50% maximal effect was unknown and simulation
studies based on a three-parameter E,, model assessed
the robustness of the design to varying fixed values of
50% maximal effect. We estimated that a total sample
size of 300 patients (n=60 per group) would give
acceptable power to make decisions about characterisation
of dose response in an ulcerative colitis population based
on various simulation studies. Determination of sample
size was also based on assessment of treatment difference
among the active-treatment and placebo groups. With
one-sided alpha of 0-05, 60 patients per group (n=300 in
total) provides approximately 83% power to detect a
20% difference in clinical remission at week 12 between
active-treatment and placebo groups, assuming a placebo
remission rate of 15% at week 12. An interim analysis
with gamma (—4) futility stopping boundary was planned
for 50% completers.

Statistical analysis was done with SAS (version 9.4).
Since the observed data showed a non-monotonic
dose-response, fitting of an E_ model was inappropriate;
furthermore, the model failed to converge. Consequently,
the prespecified fixed sequence testing procedure, as
stated in the statistical analysis plan, was not applied.
We analysed all primary and key secondary endpoints
with the Cochran-Mantel-Haenszel test stratified by
previous anti-TNFa exposure,” and we computed the
multiplicity-adjusted p values with the Hochberg step-up
method. The one-sided alpha of 0-05 was used as the
significance level for all other tests. Efficacy analysis was
done on a modified intention-to-treat population, which
was defined as all patients who received at least one dose
of randomised treatment. Safety analysis was done
according to actual treatment received.

We analysed binary secondary and exploratory
endpoints with the Cochran-Mantel-Haenszel method to
detect the stratum-adjusted risk difference, and assessed
continuous endpoints with analysis of covariance using a
linear mixed model to detect mean difference. A
treatment failure approach was used for imputation of
missing values for dropout patients in analyses of binary
primary, secondary, and exploratory endpoints for which
the Cochran-Mantel-Haenszel method was used. While
fitting linear mixed models, all missing values were
assumed to be missing at random or missing completely
at random. Since the linear mixed model can effectively
handle missing data under these assumptions, no
imputation was done for missing data. In the linear
mixed model, we used the following covariates as the
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See Online for appendix

fixed effects: treatment, time, treatment and time
interaction, baseline, and stratum. With repeated
statement, the prespecified unstructured covariance
structure was used to fit the linear mixed model.

An independent data monitoring committee met once
every 3 months to review all clinical trials of PF-00547659.
The data monitoring committee also intended to review
all potential cases of progressive multifocal leuko-
encephalopathy and do a planned interim analysis for
futility when 50% of patients had been randomly
assigned and completed 12 weeks of treatment. This
analysis was not done because the enrolment rate was
such that all participants would have been randomly
assigned by the time the interim analysis would occur.
Sample size computation was done with one-sided alpha
of 0-05. Also, as per the statistical analysis plan, two-
sided 90% ClIs were computed for all primary and key
secondary endpoints.

This study is registered with ClinicalTtials.gov, number
NCT01620255.

Deviations from the protocol

Four patients were enrolled despite failure to meet all
entry criteria. 14 patients received at least one incorrect
dose of the study drug. Five patients were missing total
Mayo score calculations for baseline or week 12.

Role of the funding source

Employees of the sponsor (Pfizer) are included as authors
of this manuscript and were involved in the design of the
study, acquisition and analysis of data, and writing of the
manuscript. These activities were carried out in full
collaboration with the study investigators and all authors
had full access to the source data, were collectively
responsible for the decision to submit the manuscript,
and have reviewed and approved the final version for
submission.

Results

We screened 587 patients for eligibility (a complete list of
principal investigators and sites is provided in the
appendix). Of these, 357 were recruited and randomly
assigned to receive at least one dose of the study drug
(figure). During randomisation, 71 patients were assigned
to receive 7-5 mg, 72 to receive 22-5 mg, 71 to receive
75 mg, and 70 to receive 225 mg PF-00547659; 73 patients
were assigned to the placebo group. The treatment
groups were similar at baseline with respect to age, sex,
race, body-mass index, total Mayo score, and SCCAI
score” (table 1). Distribution of previous anti-TNFa
exposure was similar among groups, as was previous
treatment with immunosuppressants, corticosteroids,
and 5-aminosalicylic acid (table 1). Among the patients
who received treatment, 336 of 357 (94-1%) completed
the week 12 study visit. All patients who enrolled in the
study while continuing to receive immunosuppressants
had discontinued treatment by week 12.

Remission rates at week 12 were highest in patients
receiving 22-5 mg and 75 mg of PF-00547659, and were
significantly greater than placebo in three of the four
PF-00547659 treatment groups: 7-5 mg, 22-5 mg, and
75 mg (table 2). In all treatment groups, remission rates
were substantially higher among anti-TNFa-naive
patients (10-0-25-8%) than among those previously
treated with anti-TNFa agents (2-5-9-8%), and in both
groups the highest remission rates were in patients
receiving 22-5 mg and 75 mg PF-00547659 (table 2).
Remission rates for all groups were higher with locally
read endoscopy scores than with central endoscopy
scores (table 2).

Compared with placebo, the response rate was
significantly increased in patients allocated to receive the
22-5 mg dose, 75 mg dose, and 225 mg dose of
PF-00547659 (table 2). The mucosal healing rate was
greatest in patients allocated to receive 22-5 mg or 75 mg
of PF-00547659 (table 2); moreover, patients given these
doses had significantly improved rates of mucosal healing
compared with those who received placebo (table 2).
There was no difference in remission or response rate
based on concurrent use of systemic glucocorticoids (data
not shown).

Change from baseline in Mayo score at week 12 was
significantly greater in all patients receiving PF-00547659
than in those receiving placebo, and was greatest among
patients receiving the 22-5 mg dose (appendix p 6). At
week 12, the proportion of patients with a decrease from
baseline in partial Mayo score of 2 or less, with no
individual subscore greater than 1, was greatest in the
22-5 mg group (risk difference [RD] 24.2%, 90% CI
11.5-36-9, p=0-0043) and 75 mg group (13-1%, 1-3-25-0,
p=0-1186) versus placebo (appendix p 7). Between-group
differences in the partial Mayo score were observed at
8 weeks. (appendix p 7). Other secondary and exploratory
endpoints, including Mayo subscore values and SCCAI
values, are shown in the appendix (pp 2-10). Results of
secondary and exploratory analyses supported the findings
for the primary analysis (appendix). Analyses of health
outcomes and biomarkers have not yet been completed.

Faecal calprotectin concentration was reduced by
week 4 in all PF-00547659 dose groups and continued to
decline up to week 12 (appendix p 9). Decline in faecal
calprotectin concentration from baseline was less
substantial in patients receiving placebo than in those
receiving active treatment. At week 12, the decrease in
geometric means from baseline was —23% (SD 3-9) with
placebo, —56% (SD 4-8) with 7-5 mg, -58% (SD 6-4) with
22-5mg, -57% (SD 6-9) with 75 mg, and —65% (SD 6-3)
with 225 mg PF-00547659 (appendix).

Decline in hsCRP concentrations from baseline was
reported in the active-treatment groups at week 4
(appendix p 10). Concentrations continued to decrease
through to week 8 for all study doses, except for patients
in the 7-5 mg dose group, whose hsCRP concentrations
did not show much further change (appendix p 10). In all
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587 screened for eligibility

230 not randomised
179 did not meet entry criteria
28 chose not to participate
8 adverse events
1 lost to follow up
14 screening failures
> 5 investigator decision
3 exceeded screening period
2 non-compliance
1 anthelmintic therapy
1diagnosed with atrial myxoma after elevated NTproBNP
1 withdrawn after discussion with sponsor
1 enrolment ended by sponsor

A 4

| 357 randomised and received treatment |

v v v v v

71 allocated to 72* allocated to 71* allocated to 70 allocated to

73 allocated to placebo

PF-0547659 75 mg

PF-0547659 22-5 mg

PF-0547659 75 mg

PF-0547659 225 mg

v

v

v

v

v

73 analysed for safety and

71 analysed for safety and

72* analysed for safety and
efficacy

71* analysed for safety and
efficacy

70 analysed for safety and

efficacy
v

efficacy
v

v

v

efficacy
v

68 completed treatment
Sdiscontinued
2adverse events

1ulcerative colitis

63 completed treatment
8discontinued
6adverse events

4 ulcerative colitis

69 completed treatment
1discontinued
1other

70 completed treatment
3discontinued
3adverse events

66 completed treatment
4discontinued
ladverse event

1otherGl 2 other Gl
linsufficient clinical linsufficient clinical
response response
2no longer willing to lother
participate

2 ulcerative colitis 1other
1other 2no longer willing to
participate
lother

Figure: Trial profile

Gl=gastrointestinal. NTproBNP= N-terminal pro-brain natriuretic peptide. Primary endpoint assessed at week 12. *Two patients were initially randomly assigned to
the 22:5 mg group but mistakenly received the 75 mg dose instead. For efficacy analysis they were included in the initial randomised group but for safety analysis

they were counted in the as-treated group.

active-treatment groups hsCRP concentrations showed a
trend to return towards baseline by week 12; the greatest
and most persistent reductions were observed in the
22-5 mg and 75 mg groups (appendix p 10). The placebo
group did not show much change over time. At week 12,
the change from baseline in geometric means was +15%
(SD 3.5) for placebo, +5% (SD 3-1) for 7-5 mg, —20%
(SD 3-6) for 22-5 mg, -16% (SD 3-2) for 75 mg, and
+2% (SD 3-0) for 225 mg PF-00547659 (appendix p 10).

Concentrations of SMAdACAM in active-treatment, but
not placebo, groups declined significantly across all
doses during the study, and the decreases levelled off at
PF-00547659 doses of 22 -5 mg or more (data not shown).
After 12 weeks, mean suppression of SMAACAM after
monthly dosing of PF-00547659 was 67% (SD 3-0) for the
7-5 mg dose, 90% (SD 2-1) for the 22-5 mg dose, 94%
(SD 2-0) for the 75 mg dose, and 98% (SD 1-8) for the
225 mg dose, and increased by 3% (SD 1-4) in the placebo
group (data not shown).

Analysis showed that 709 (93-5%) of 758 samples from
284 patients on active treatment analysed up to week 12
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reported negative for antidrug antibodies. Of the
35 patients who were confirmed positive, eight received
7-5 mg, six received 22-5 mg, 11 received 75 mg, and
ten received 225 mg PF-00547659. Of the 12 patients who
had confirmed antidrug antibodies at baseline, nine were
also positive post baseline (three in the 7-5 mg group,
one in the 22-5 mg group, four in the 75 mg group, and
one in the 225 mg group) with no indication of treatment-
enhanced antidrug antibody response (ie, greater
antidrug antibody titre after treatment than at baseline).
The overall confirmatory positive rate was 6-4%, with
titres generally low and close to the cutoff point (4-64),
and none higher than 11-9. Assessments in patients with
post-baseline confirmatory antidrug antibodies (n=26)
indicated no obvious effect of positive antidrug antibodies
on exposure, safety, or efficacy. There was no indication
ofneutralising antibody activity based on pharmacokinetic
levels (data not shown).

Overall, PF-00547659 appeared safe and well tolerated
in this patient population. There was no substantial
difference in the occurrence of adverse events between
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Placebo (n=73)

PF-00547659

7-5mg (n=71) 22.5 mg* (n=70) 75 mg* (n=73) 225 mg (n=70)

Mean age, years (SD) 386 (12.7) 413 (12-5) 421 (14-7) 37:7 (12-4) 413 (13-2)
Women 29 (39-7%) 32 (45-1%) 25 (35:7%) 35 (47-9%) 28 (40-0%)
Race

White 65 (89-0%) 64 (90-1%) 64 (91-4%) 64 (87:7%) 57 (81-4%)

Black 3 (41%) 1(1-4%) 0 0 2 (2:9%)

Asian 3 (4-1%) 5 (7-0%) 5 (7:1%) 7(9:6%) 8 (11-4%)

Other 2 (27%) 1(1-4%) 1(1-4%) 2 (27%) 3 (43%)
Mean BMI, kg/m? (SD) 255 (6-0) 243 (4-2) 243 (4'5) 25-4 (6-0) 25.4(5-8)
Anti-TNFa exposure

Naive 31 (42-5%) 30 (42-3%) 30 (42-9%) 31(42-5%) 30 (42:9%)

Experienced 42 (57-5%) 41(57:7%) 40 (57-1%) 42 (57-5%) 40 (57-1%)
Current immunosuppressant therapy

Azathioprine 12 (16-4%) 18 (25-4%) 15 (21-4%) 15 (20-5%) 17 (24-3%)

Mercaptopurine 1(1-4%) 4 (5-6%) 4 (57%) 4 (5-5%) 2(2:9%)

Methotrexate 2(27%) 1(1-4%) 4(57%) 0 1(1-4%)

Tioguanine 0 0 0 0 1(1-4%)

None 58 (79:5%) 48 (67-6%) 47 (671%) 54 (74-0%) 49 (70-0%)
Current corticosteroid use

Yes 28 (38-4%) 35 (49-3%) 34 (48-6%) 34 (46-6%) 33 (47-1%)

No 45 (61-6%) 36 (50-7%) 36 (51-4%) 39 (53-4%) 37 (52:9%)
Current 5-aminosalicylic acid use

Yes 48 (65-8%) 37 (52:1%) 36 (51-4%) 44 (60:3%) 36 (51-4%)

No 25 (34-2%) 34 (47-9%) 34 (48-6%) 29 (39:7%) 34 (48-6%)
Smoking status

Never smoked 47 (64-4%) 40 (56-3%) 46 (65:7%) 48 (65-8%) 45 (64-3%)

Smoker 4 (5:5%) 4 (5-6%) 2 (2:9%) 5 (6-8%) 5(7-1%)

Ex-smoker 22 (30-1%) 27 (38-0%) 22 (31-4%) 20 (27-4%) 20 (28-6%)
Extent of disease

Proctosigmoiditis 15 (20-5%) 13 (18:3%) 9 (12:9%) 11 (151%) 7 (10-0%)

Left-sided colitis 21(28-8%) 18 (25-4%) 21 (30-0%) 20 (27-4%) 24 (343%)

Extensive colitis 37 (50-7%) 40 (56-3%) 40 (57-1%) 42 (57-5%) 39 (55:7%)
Mean disease duration since 6-7(0:3-30-4) 7-7 (0-7-24-3) 7-1(0-4-39-2) 9.0 (0-6-36-2) 8.5 (0-3-51-2)
diagnosis, years (range)
Median hsCRP, nmol/L (geometric 467 (44-8); 505 (41-0); 429 (40-0); 40-0 (43-8); 333(333);
mean); IQR 21.9-121.0 14-3-96-2 15-2-139-0 17-1-100-0 11.4-82:9
Median faecal calprotectin, pg/g 2095 (1958); 1904 (2034); 1928 (1376); 2198 (1942); 1835 (1486);
(geometric mean); IQR 966-3912 1072-4626 492-4063 826-4745 653-3650
Mean Mayo score (SD)t 84 (17) 87(17) 81(1:6) 8-4(1.9) 87(1-6)
Mean Mayo score, partial (SD) 59 (1.5) 6-1(1-4) 5:5(1:5) 57@17) 60 (15)
Mean SCCAI score (SD) 7-4(2-9) 7-9(2:8) 7-4(2-8) 7-2(2:6) 7-4 (2-4)

Values of n are per randomised treatment for efficacy analysis, and by actual treatment received for safety analysis. BMI=body-mass index. TNFa=tumour necrosis factor-a.
hsCRP=high-sensitivity C-reactive protein. SCCAl=simple clinical colitis activity index. *Two patients assigned to receive 22-5 mg PF-00547659 mistakenly received the 75 mg

dose. TCalculated with locally read endoscopy subscores.

Table 1: Baseline characteristics of patients

placebo and active-treatment groups and no evidence for
a dose-related increase in adverse events (table 3).
Common adverse events (ie, observed in four or more
patients in one or more treatment groups) were
abdominal pain, ulcerative colitis (worsening or ongoing
disease activity), nausea, vomiting, headache, cough, and
anaemia. The most common adverse event was headache,
reported by approximately 10% of patients, followed by

ulcerative colitis and abdominal pain (table 3). There was
no evidence of a dose effect for any of these events. The
frequency of infections was similar across treatment
groups. The mostcommon infection was nasopharyngitis,
reported in three of 73 patients in the placebo group, and
none to five patients in the active-treatment group.
Treatment-related injection-site reactions (reported as
erythema, pain, swelling, or burning sensation) were
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step up method.

Placebo (n=73) PF-00547659
7-5 mg (n=71) 22.5mg (n=72) 75 mg (n=71) 225 mg (n=70)
Central endoscopy reading
Remission rate, n/N
Overall 2/73 (2:7%) 8/71 (11:3%) 12/72 (167%) 11/71 (15-5%) 4/70 (5:7%)
Anti-TNFa-naive, n/N 2/31(6:5%) 5/30 (16:7%) 8/31 (25-8%) 7/30 (23:3%) 3/30 (10-0%)
Anti-TNFa-experienced, n/N 0/42 (0.0%) 3/41(7:3%) 4/41(9-8%) 4/41(9-8%) 1/40 (2-5%)
Risk difference vs placebo (90% Cl)* 0-08 (0-019 to 0-14) 0-128 (0-056 to 0-199) 0-118 (0-048 t0 0-188) 0-026 (-0-012 to 0-064)
p valuet - 0-0425 0-0099 0-0119 0-1803
Response rate, n/N 21/73 (28-8%) 27/71 (38-0%) 39/72 (54-2%) 32/71(451%) 35/70 (50-0%)
Risk difference vs placebo (90% CI)* 0-089 (-0-037t0 0-214) 0-254 (0-121t0 0-388) 0-163 (0-032 to 0-293) 0-213 (0-08 to 0:347)
p valuet 0-1379 0-0044 0-0479 0-0157
Mucosal healing rate, n/N 6/73 (8-2%) 11/71 (15-5%) 20/72 (27-8%) 18/71 (25-4%) 10/70 (14-3%)
Risk difference vs placebo (90% CI)* 0-081 (0to 0-162) 0-187 (0-091 to 0-284) 0-159 (0-068 to 0-25) 0-069 (-0-013to 0-151)
pvaluet 0-0099 0-0038 0-0080 0-0099
Local endoscopy reading
Remission rate, n/N
Overall 4173 (5:5%) 10/71 (14-1%) 17/72 (23-6%) 13/71 (18:3%) 9/70 (12:9%)
Anti-TNFa-naive, n/N 2/31(6:5%) 6/30 (20-0%) 9/31 (29-0%) 8/30 (26-7%) 6/30 (20-0%)
Anti-TNFa-experienced, n/N 2/42 (4-8%) 441 (9-8%) 8/41 (19-5%) 5/41 (122%) 3/40 (7-5%)
Risk difference vs placebo (90% CI)* 0-08 (0-002 to 0-159) 0-178 (0-083 t0 0-272) 0-122 (0-036 to 0-208) 0-066 (~0-009 to 0-142)
p valuet 0:0927 0-0056 0-0375 0-0927
Response rate, n/N 24/73 (32:9%) 27/70 (38-6%) 39/72 (54-2%) 34/70 (48-6%) 36/70 (51-4%)
Risk difference vs placebo (90% CI)* 0-056 (-0-075 to 0-186) 0-212 (0-077 to 0-347) 0-156 (0-022 to 0-290) 0-185 (0-050 t00-320)
p valuet 02617 0-0231 0-0652 0-0435
Mucosal healing rate, n/N 16/73 (21-9%) 16/71 (22-5%) 27/72 (37-5%) 25/71 (35-2%) 20/70 (28-6%)
Risk difference vs placebo (90% Cl)* 0-001 (-0-111to 0-114) 0-154 (0-030 to 0-278) 0-130 (0-008 to 0-253) 0-066 (-0-053 to 0-186)
p valuet 0-5225 0-0982 0-1393 0-4000

TNFa=tumour necrosis factor-a. *The stratum-adjusted risk difference and the corresponding 90% Cls were obtained with the Cochran-Mantel-Haenszel test." One-sided adjusted p value due to the Hochberg

Table 2: Remission, response, and mucosal healing rates at week 12 with central and local endoscopy readings

uncommon and observed more frequently in the 225 mg
treatment group (10% [7 of 70]) than in the other three
active-treatment groups (3—4% [2—4 of 70-73]), including
the placebo group (5% [4 of 73]). The frequency of serious
adverse events was highest in the 7-5 mg treatment
group; all other groups, including placebo, had similar
rates (table 3). The most common serious adverse event
was ulcerative colitis, reported by nine patients (one in
the placebo group, six in the 7-5 mg group, and two in
the 75 mg group), followed by migraine in two patients
(one each in the 75 mg and 225 mg groups). Other
gastrointestinal serious adverse events included
constipation in two patients (one each in the 7-5 mg and
22-5 mg groups), appendicitis in one patient (in the
placebo group), and diarrhoea in one patient (in the
placebo group). Adenocarcinoma of the colon, anal
abscess, anal fistula, and vomiting occurred in the 7- 5 mg
group; Clostridium difficile infection in the 75 mg group
(in a patient who also had concurrent active ulcerative
colitis); and abdominal pain in the 225 mg group.

Before randomisation, there were 15 serious adverse
events in 13 patients, including six cases of ulcerative
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colitis, one case of anal fistula and perirectal abscess, and
one case of proctalgia. During the 12-week study,
21 patients discontinued treatment, including 12 who
withdrew because of adverse events. Most withdrawals
related to adverse events were attributable to worsening
of wulcerative colitis (n=7) and other gastrointestinal
events (n=3) in the placebo and active-treatment groups
(figure). Most of these adverse events occurred in the
7-5 mg group (n=6) during the first 30 days of the study.

One patient in the 7-5 mg group died from
adenocarcinoma of the colon. Before enrolment, the
patient had substantial weight loss over a short time, with
a body-mass index of 15-8 kg/m2 at screening. The pre-
study colonoscopy was abnormal with a stenotic area in
the rectum, but biopsy did not show dysplasia. A further
10% weight loss occurred within the first 4 weeks on the
study drug; repeat sigmoidoscopy at that time revealed
more significant stenosis than previously observed, and
biopsy of the stenotic lesion showed adenocarcinoma.
The patient discontinued the study drug and died from
metastatic colon cancer 3 months later. The cancer was
considered to be present before enrolment (despite the
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Placebo PF-00547659
(n=73)
7-5mg 22.5mg 75mg 225 mg
(n=71) (n=70) (n=73) (n=70)
All adverse events
Number of adverse events 83 121 79 85 117
Patients with an adverse event 39 (53-4%) 1(57-7%) 6(51-4%)  43(58:9%) 43 (61-4%)
Infections and infestations 13 (17-8%) 3(18-3%) 2(17-1%)  17(233%) 17 (243%)
Gastrointestinal disorders 14 (19-2%) 2 (31-0%) 9(12:9%) 9(12:3%) 12 (171%)
Nervous system disorders 8 (11-0%) 8(11:3%) 8 (11-4%) 6 (8-2%) 15 (21-4%)
Musculoskeletal disorders 7(9-6%) 10 (14-1%) 1(157%) 8 (11-0%) 7 (10-0%)
General disorders and 5(6-8%) 7(9:9%) 7(10-0%)  11(151%) 8 (11-4%)
administration site
conditions*
Patients with serious adverse 4 (5-5%) 10 (14-1%) 1(1-4%) 3(41%) 3(43%)
events
Study discontinuation because 2 (2:7%) 5(7-0%) 0 3(41%) 1(1-4%)
of adverse events
Deaths 0 1(1-4%) 0 0 0
Adverse events occurring in =4 patients in =1 treatment group
Gastrointestinal disorders
Ulcerative colitis 3(41%) 7(9-9%) 0 0 0
Abdominal pain 1(1-4%) 6 (8:5%) 0 0 0
Nausea 2 (2:7%) 4 (5-6%) 0 0 4(57%)
Vomiting 2(2:7%) 0 4 (57%) 0 0
Nervous system disorders
Headache 5(6-8%) 5(7-0%) 7 (10-0%) 4 (5:5%) 8 (11-4%)
Respiratory, thoracic, and mediastinal disorders
Cough 4(5:5%) 1(1-4%) 0 1(1-4%) 0
Blood and lymphatic system disorders
Anaemia 0 0 0 4 (5-5%) 0
Values are n (%) unless otherwise noted. *Including non-treatment-related adverse events.
Table 3: Safety characteristics of patients
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negative biopsy) and therefore unlikely to be associated
with the study drug. The external data monitoring
committee agreed on this causality.

Discussion

Among patients with moderate to severe ulcerative
colitis, the remission rate after 12 weeks of treatment
with PF-00547659 at all doses was greater than that
observed with placebo. The highest remission rates were
recorded in the 22-5 mg and 75 mg dose groups. This
inverse bell-shaped dose response—sometimes referred
to as hormesis”—mirrored other clinical endpoints, with
maximum effects observed at a dose below the highest
dose studied. Mucosal healing rates were also greatest in
patients receiving 22-5 mg and 75 mg PF-00547659, and
the highest peak clinical response rate was seen in the
22-5 mg group. Endoscopy scores based on locally read
results were consistently higher than those based on
central reading. Change from baseline in total Mayo

score was greatest with 22-5 mg PF-00547659, and the
proportion of patients with a decrease from baseline in
partial Mayo score of 2 or less at week 12 was highest in
the 22-5 mg and 75 mg groups.

Assuming a placebo remission rate of 15%, the study
was powered to detect a treatment difference of 20%. The
observed placebo remission rate, however, was 2-7%, with
the highest risk difference of 12-8%. Statistical
significance was achieved with a reduced effect size while
controlling for type-1 error with multiplicity adjustment,
which still suggests a strong efficacy signal for
PF-00547659. The placebo remission rate with locally read
endoscopy scores in our study was 5-5%, which is
consistent with that of published data,"* and the greatest
observed remission rate was 23-6%, with a risk difference
of 17-8%, consistent with the original design. Centrally
read endoscopy scores were consistently lower than locally
read values, as has now been reported in various studies.”*

The bell-shaped dose—response curve seen with different
clinical parameters in this trial is consistent with the dose—
response observed with etrolizumab in this indication.” In
a previous phase 2 study of etrolizumab as induction
therapy for ulcerative colitis, although maximum 7
occupancy was observed with both study doses (100 mg
and 300 mg) and a drug concentration quartile versus
response analysis did not show an exposure-response
correlation, patients receiving 300 mg etrolizumab had
reduced remission compared with those who received the
100 mg dose.® We believe that decreased activity at
increased doses is related to over-depletion of regulatory
T cells. In addition to regulatory T-cell depletion, over-
depletion of the leucocyte subsets known to express o437
integrin, including intraepithelial lymphocytes,” mucosa-
associated invariant T cells,” and eosinophils,” is likely to
be undesirable and could underlie the weaker responses
seen at higher doses. Our findings support the hypothesis
that the gut effector cell population is more sensitive than
the regulatory T-cell population to MAACAM blockade,
resulting in a net immunoregulatory phenotype in the
intestine at decreasing efficacious doses, and a loss of this
phenotype with increasing doses of PF-00547659.

The proportion of patients in each treatment group
who achieved clinical remission at week 12 when
analysed by previous anti-TNFa treatment exposure was
similar to that reported in the overall study population.
Among both anti-TNFa-naive and anti-TNF-experienced
patients, treatment with PF-00547659 at all doses
provided a greater response than that observed with
placebo, with peak remission rates observed in the
22-5 mg and 75 mg dose groups. For all PF-00547659
doses, higher rates of remission were seen among
patients who had not previously received an anti-TNFa
agent than in patients who had. Similar findings were
noted in a previous phase 2 study” with etrolizumab, in
which clinical remission was mainly reported in a
subgroup of patients who had not previously been given
anti-TNFa agents.
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Importantly, our primary efficacy analysis was based
on blinded central endoscopy reading, although blinded
local endoscopy readings were also made. Across all
treatment groups, analysis based on blinded local
endoscopy reads resulted in higher remission rates than
those seen with blinded central endoscopy readings. A
detailed analysis of the reasons for this discrepancy is
beyond the scope of this Article. Results of previous
studies have suggested that differences between local
and central reading might be due to higher measurement
noise with local endoscopy reading and point towards a
need for standardisation and increased adoption of
blinded central endoscopy reading as a means of
ensuring that comparisons of efficacy between studies
are valid.’

Faecal calprotectin has shown substantial promise as a
non-invasive biomarker for detection of intestinal
inflammation. Concentrations of faecal calprotectin have
been found to correlate significantly with endoscopic
activity of ulcerative colitis,” and a significant decrease in
faecal calprotectin has been shown in association with
clinical response and also with mucosal healing after
drug therapy®* In our analysis, faecal calprotectin
declined by 55-60% from baseline in all PF-00547659
dose groups compared with a 20% reduction among
patients receiving placebo, although this decline did not
directly reflect the clinical dose response. Reduction in
hsCRP, another predictive factor and marker of
inflammation in ulcerative colitis,” was also greater after
treatment with PF-00547659 than with placebo. Consistent
with clinical findings, the largest decreases in hsCRP
concentration were observed in the 22-5 mg and 75 mg
PF-00547659 groups and, in contrast to faecal calprotectin,
seemed to correlate well with clinical outcomes.

All doses of PF-00547659 seemed safe and well tolerated
in this patient population. The most common adverse
events were related to the underlying disease, with no
evidence of relationship to dose for any adverse event.
However, since this trial was only 12 weeks in duration,
these safety data should be interpreted with some degree
of caution; a larger patient population treated for a longer
period will be needed to fully assess the safety of
PF-00547659 in patients with ulcerative colitis.

Although our study supports the efficacy of
PF-00547659 in induction therapy for ulcerative colitis,
its short duration leaves open the question of the efficacy
and safety of PF-00547659 for maintenance therapy of
ulcerative colitis. The unexpectedly low remission rate
with placebo may be considered a further limitation;
however, this rate was in line with that of other studies
that used central rather than locally read endoscopy
scores,” and the consistency and magnitude of the
efficacy signal we observed suggest that PF-00547659 is
worthy of further investigation.

In conclusion, PF-00547659 was better than placebo for
induction of remission, response, and mucosal healing
in patients with moderate to severe ulcerative colitis. The
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greatest clinical effects were observed in patients who
received the 22-5 mg or 75 mg doses. The safety profile
of PF-00547659 seemed to be similar to that of placebo.
Further studies are required to define the long-term
efficacy and safety of PF-00547659 in the treatment of
ulcerative colitis.
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