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Abstract

Background and Aims: Ontamalimab, a fully-human monoclonal antibody targeting MAdCAM-1, 
induced remission in patients with moderate-to-severe ulcerative colitis [UC] in the TURANDOT 
study. We aimed to assess long-term safety, tolerability, and efficacy of ontamalimab in 
TURANDOT II.
Methods: TURANDOT II was a phase 2, multicentre, open-label [OL] study in patients with 
moderate-to-severe UC who completed TURANDOT on placebo or ontamalimab (NCT01771809). 
Patients were randomised to 75 mg or 225 mg ontamalimab every 4 weeks for 72 weeks [OL1]. 
The dosage could be increased to 225 mg from Week 8 at the investigator’s discretion. All patients 
then received 75 mg every 4 weeks for 72 weeks [OL2], followed by 6-month safety follow-up. The 
primary objective was safety, measured by adverse events [AEs], serious AEs [SAEs], and AEs 
leading to withdrawal. Mucosal healing [MH; centrally read endoscopy] was assessed.
Results: Of 330 patients, 180 completed OL1; 94 escalated to 225  mg; 127 completed OL2. 
Overall, 36.1% experienced drug-related AEs. The most common SAE [10.0%] was worsening/
ongoing UC; 5.5% of patients had serious infections, the most common being gastroenteritis 
[0.9%]. One death and four cancers [all unrelated to ontamalimab] occurred. No PML 
[progressive multifocal leukoencephalopathy]/lymphoproliferative disorders occurred. 
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Geometric mean high-sensitivity C-reactive protein [hsCRP] and faecal calprotectin decreased 
across OL1 in both dose groups. The proportion of patients assigned to placebo in TURANDOT 
achieving MH increased from 8.8% [6/68] at baseline to 35.3% at Week 16 [24/68; non-responder 
imputation]. The corresponding increase in the ontamalimab group was from 23.3% [61/262] to 
26.7% [70/262].
Conclusions: Ontamalimab was well tolerated up to 144 weeks in patients with moderate-to-
severe UC, with good safety and efficacy.

Key Words: Ulcerative colitis; phase 2; MAdCAM-1.

1. Introduction

Ulcerative colitis [UC] is an inflammatory bowel disease [IBD] 
 characterised by episodic or chronic inflammation of the colonic 
 mucosa.1 Inflammation results in symptoms such as rectal bleeding 
and diarrhoea, significantly affecting health-related quality of life, 
and in some patients necessitates colectomy.1,2

The aim of treatment for UC is to achieve and maintain 
 remission, which comprises alleviating symptoms and inducing 
endoscopic mucosal healing.3 Biologics such as infliximab, 
adalimumab, and golimumab, as well as small molecules 
including tofacitinib, have contributed to improved outcomes 
for patients with moderate-to-severe UC who do not respond to 
first-line therapy with glucocorticoids or immunosuppressants.1,4,5 
However, primary non-response and secondary loss of response 
to anti-tumour necrosis factor [anti-TNF] therapies occur fre-
quently,6,7 and safety concerns surrounding several current 
treatments remain,8,9 indicating a need for novel therapies with 
alternative modes of action.

One promising novel target in UC is the interaction between 
mucosal addressin cell adhesion molecule-1 [MAdCAM-1] and the 
α4β7 integrin. MAdCAM-1 binds selectively to the α4β7 integrin, 
which is expressed on the surface of leukocytes [including subsets 
of blood T lymphocytes, B lymphocytes, natural killer cells, and 
eosinophils]10 but, notably, does not bind to the α4β1 integrin 
that interacts with the much more broadly expressed vascular cell 
adhesion molecule-1 [VCAM-1].11 Unlike integrins, which are ex-
pressed on circulating leukocytes, MAdCAM-1 is predominantly 
expressed on the endothelium of high endothelial venules in the 
gut and gut-associated lymphoid tissue. In contrast to VCAM-1, 
MAdCAM-1 is not constitutively expressed in the central nervous 
system.12,13 MAdCAM-1 expression is upregulated in IBD, and has 
been shown to play a role in gut immune surveillance and homing 
of α4β7 integrin-expressing leukocytes during inflammation of 
the intestinal mucosa.13–15

Selectively targeting the α4β7 integrin or MAdCAM-1 may 
 reduce leukocyte translocation and thereby mucosal inflamma-
tion. In line with this theory, vedolizumab, a monoclonal antibody 
that selectively blocks the α4β7 integrin, is an approved treatment 
for active moderate-to-severe UC.16 Ontamalimab, a fully-human 
monoclonal antibody that binds selectively and with high affinity 
to MAdCAM-1,17 may also reduce intestinal mucosal inflamma-
tion; this proposal is supported by positive results from clinical 
trials.18–21 In a 12-week phase 2 study [TURANDOT], ontamalimab 
was well tolerated and superior to placebo for the induction of re-
mission in patients with moderate-to-severe UC.21 The current 
open-label extension study aimed to monitor the safety, tolerability, 

and pharmacokinetics of ontamalimab, and to assess durability of 
 response during long-term treatment.

2. Materials and Methods

2.1. Study design
TURANDOT II [NCT01771809] was a phase 2, multicentre, two-
part, open-label extension study of the anti-MAdCAM-1 antibody 
ontamalimab [formerly known as SHP647 and PF-00547659] in pa-
tients with moderate-to-severe UC. TURANDOT II was an extension 
of the 12-week randomised controlled induction trial TURANDOT 
[NCT01620255].21

Patients who were eligible for enrolment in TURANDOT II had 
completed the blinded 12-week TURANDOT study, in which they 
received placebo or ontamalimab 7.5, 22.5, 75 or 225 mg subcuta-
neously [s.c.] every 4 weeks. Eligible patients were aged 18–66 years 
at the time of consent and must have discontinued immunosup-
pressants before enrolment in TURANDOT II [with the exception 
of oral glucocorticoids, as outlined in Section 2.2]. Patients were 
 excluded from the study if they had experienced any serious adverse 
events [SAEs] related to ontamalimab during TURANDOT or were 
taking part in any other interventional studies. A full list of inclusion 
and exclusion criteria is given in Supplementary Table 1, available as 
Supplementary data at ECCO-JCC online.

The final protocol and amendments were reviewed and approved 
by the institutional review board[s] [IRB] and/or independent ethics 
committee[s] [IEC] at each participating investigational centre. Signed 
informed consent documents were obtained from all participants and 
were reviewed by the sponsor and approved by the IRB/IEC.

2.2. Intervention
This study consisted of two consecutive 72-week periods: open-
label treatment period 1 [OL1; baseline to Week 72] and open-label 
treatment period 2 [OL2; Weeks 76–144], the latter of which was 
added during an amendment to the protocol. In OL1, all  patients 
were  randomised to receive ontamalimab 75  mg or 225  mg s.c. 
every 4 weeks [without unblinding their assigned treatment in 
TURANDOT]. Patients assigned to ontamalimab 75  mg who 
 experienced clinical deterioration or an unacceptable response in the 
opinion of the treating physician, were permitted a one-time dose 
escalation to 225 mg any time between Week 8 and Week 72. Dose 
escalation was at the investigator’s discretion, but clinical deterior-
ation was typically characterised by an increase in total Mayo score 
to >6 or a partial Mayo score of >4 with an increase in rectal bleed 
subscore to >2 and/or an increase in stool frequency subscore to 
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≥2. Patients who experienced no satisfactory improvement in clinical 
condition within 8 weeks of dose escalation discontinued treatment 
and entered the follow-up period.

In OL2, all patients received ontamalimab 75  mg s.c. every 
4 weeks for an additional 72 weeks. Dose escalation to 225 mg was 
not permitted during OL2. Patients entered a 6-month follow-up 
period after the last dose in OL2 or after discontinuation, consisting 
of two visits, 3 months apart. All patients underwent a final on-site 
visit at the end of the follow-up period [Week 168].

Oral glucocorticoids were permitted under specific  conditions 
during the study. For patients who entered TURANDOT II 
in  remission or with a clinically significant response, oral 
 glucocorticoids were to be tapered according to local guidelines. For 
all other  patients, tapering was to be initiated once they had achieved 
 remission or a clinically significant response, and glucocorticoids 
were to be discontinued if possible by Week 40.

Oral glucocorticoids [up to a maximum of 1 mg/kg] could be 
administered as rescue treatment, but the patients were to be tapered 
off these within 12 weeks. Similarly, budesonide up to a maximum 
of  9  mg could be used. A  tapering regimen was suggested to be 
budesonide 9 mg for 8 weeks, reduced to 6 mg for 2 weeks, 3 mg 
for 2 weeks, and then stopped. Alternate tapering regimens could be 

used as long as the duration for an individual rescue treatment did 
not exceed 12 weeks. A maximum of two courses of rescue therapy 
were permitted in OL1 and two further courses in OL2, and each 
course should not have exceeded 12 weeks. Patients who were un-
able to taper off either oral glucocorticoids or rescue therapy, or 
who relapsed within 2  months of rescue, were withdrawn from 
ontamalimab treatment and entered the follow-up period.

2.3. Outcome measures and assessments
2.3.1. Primary objectives and endpoints
The primary objective of this study was to assess the long-term 
safety and tolerability of ontamalimab. The incidences of treatment-
emergent adverse events [TEAEs] and SAEs were recorded 
throughout OL1, OL2, and the follow-up period.

2.3.2. Secondary objectives and endpoints
The secondary objectives of this study were to assess mucosal healing 
and the pharmacokinetics and immunogenicity of ontamalimab. 
Flexible sigmoidoscopy or colonoscopy was carried out at Week 
12 of TURANDOT [baseline of TURANDOT II] and at Week 16 
of TURANDOT II, to assess mucosal healing [defined as a Mayo 
endoscopic subscore ≤1]. For patients undergoing routine cancer 
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Figure 1. Patient flow. Of 180 patients who completed OL1, 21 did not enter OL2 and proceeded to follow-up, owing to the timing of a protocol amendment 
which stipulated that OL2 be added to the study design to further evaluate the long-term safety of ontamalimab. An additional three patients completed OL1 and 
intended to progress to OL2; however, they proceeded directly to follow-up. OL1, open-label treatment period 1; OL2, open-label treatment period 2. *Calculated 
as n divided by the number of patients who received any amount of study drug [safety analysis set, n = 330]. †Calculated as n divided by the number of patients 
who entered OL2 [n = 156].
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surveillance, an optional endoscopy was performed between Week 
40 and Week 72, allowing an additional assessment of mucosal 
healing. In both TURANDOT and TURANDOT II, all endosco-
pies were read by a central reader who remained blinded to the 
study protocol and received no information about patient treatment 
history.

To assess serum ontamalimab levels, blood samples were col-
lected at Week 12 of TURANDOT [TURANDOT II baseline], every 
4 weeks until Week 72, and at Week 156 [during the follow-up 
period] or at early withdrawal from treatment. Serum anti-drug 
antibody [ADA] and, when applicable, neutralising antibody [NAb] 
titres were also measured at Week 12 of TURANDOT, then at Weeks 
8, 16, 24, 40, 48, 64, and 156 of TURANDOT II or at early with-
drawal from treatment. ADAs were assessed by an assay with a high 
tolerance to both soluble MAdCAM-1 and ontamalimab.22

2.3.3. Exploratory objectives and endpoints
Exploratory objectives of this study were to assess the durability of remis-
sion and response, and to explore the pharmacodynamics of long-term 
ontamalimab treatment. Total Mayo score was measured at Week 12 of 
TURANDOT [TURANDOT II baseline] and Week 16 of TURANDOT 
II, to assess rates of clinical response [decrease from TURANDOT base-
line of ≥3 points with ≥30% change in total Mayo score, accompanied 
by a ≥1-point decrease in rectal bleed subscore or an absolute rectal 
bleed subscore of ≤1] and clinical remission [total Mayo score ≤2 with 
no individual subscore >1 and a rectal bleed subscore of ≤1].

Partial Mayo score was measured every 4 weeks until Week 
144 to assess rates of long-term clinical response [decrease from 
TURANDOT baseline of ≥2 points with ≥30% change in partial 
Mayo score, accompanied by a ≥1-point decrease in rectal bleed 
subscore or an absolute rectal bleed subscore of ≤1] and remis-
sion [absolute partial Mayo score of ≤2 points with no individual 
subscore >1 and a rectal bleed subscore of ≤1].

Blood and stool samples were collected before dosing at 
TURANDOT II baseline and every 4 weeks to Week 24, and 
then at Weeks 32 and 72, and assessed for concentrations of 
high-sensitivity C-reactive protein [hsCRP, in serum] and faecal 
calprotectin [FC]. Soluble MAdCAM-1 levels in serum were meas-
ured at baseline and Week 16 as a pathway-specific marker of 
ontamalimab action.

Further assessments during the active treatment period included 
physical examinations, 12-lead electrocardiograms [ECGs], neuro-
logical assessments, monitoring of vital signs, and clinical laboratory 
values [biochemistry, haematology, and urinalysis].

2.4. Statistical analyses
The main analyses included in this study were summarised by 
 patients initially randomised to receive 75  mg ontamalimab and 
those randomised to receive 225 mg ontamalimab [an intent-to-treat 
approach]. Adverse events and efficacy endpoints were analysed in 
the safety analysis set [all patients who received at least one dose of 
ontamalimab]. Pharmacokinetic and pharmacodynamic endpoints 

Table 1. Patient demographics and baseline characteristics.

Ontamalimab 75 mg [n = 164] Ontamalimab 225 mg [n = 166] Ontamalimab 
overall [n = 330]

Mean [SD] age, years 40.5 [12.75] 41.1 [13.68] 40.8 [13.21]
Sex, n [%] male 102 [62.2] 96 [57.8] 198 [60.0]
Ethnicity, n [%] Hispanic or Latino 4 [2.4] 6 [3.6] 10 [3.0]
Race, n [%]
 White 148 [90.2] 143 [86.1] 291 [88.2]
 Black 3 [1.8] 2 [1.2] 5 [1.5]
 Asian 11 [6.7] 15 [9.0] 26 [7.9]
 Other 2 [1.2] 6 [3.6] 8 [2.4]
Mean [SD] BMI, kg/m2 25.25 [5.69] 25.24 [4.59] 25.24 [5.16]
Anti-TNF naïve, n [%] 68 [41.5] 76 [45.8] 144 [43.6]
Mean [SD] time since UC diagnosis, yearsa 8.69 [7.04] 7.56 [7.36] 8.12 [7.21]
Mean [SD] total Mayo score 6.0 [2.87] 5.9 [2.84] 6.0 [2.85]
Mean [SD] Mayo endoscopic subscore 2.2 [0.07] 2.2 [0.06] 2.2 [0.05]
Mean [SD] concentration of hsCRP [mg/dL]b n = 160 n = 162 n = 322

0.94 [1.266] 0.73 [0.89] 0.83 [1.10]
Mean [SD] concentration of FC [µg/g]c n = 142 n = 155 n = 329

2468.3 [3819.3] 1924.7 [2541.8] 2184.6 [3222.4]
Receiving systemic glucocorticoids for UC, n [%] 59 [36.0] 71 [42.8] 130 [39.4]
Smoking classification, n [%]c

 Never smoked 107 [65.2] 102 [61.4] 209 [63.3]
 Smoker 8 [4.9] 9 [5.4] 17 [5.2]
 Ex-smoker 49 [29.9] 55 [33.1] 104 [31.5]
Clinical responder at baseline, n [%]d 79 [48.2] 75 [45.2] 154 [46.7]
Mucosal healing at baseline, n [%] 34 [20.7] 33 [19.9] 67 [20.3]

Treatment groups based on initial randomisation assignment.
BMI, body mass index; FC, faecal calprotectin; hsCRP, high-sensitivity C-reactive protein; SD, standard deviation; TNF, tumour necrosis factor;  

UC, ulcerative colitis.
aCalculated as: [[date of visit 1 in TURANDOT II − date of diagnosis from TURANDOT] + 1] / 365.25.
bCalculated for patients included in the pharmacodynamic analyses only.
cAt screening in TURANDOT.
dThose who achieved clinical response based on total Mayo score at Week 12 in TURANDOT.
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were analysed in patients from the safety analysis set for whom at 
least one pharmacokinetic/pharmacodynamic sample was collected. 
Data were reported for patients overall and separately for each 
 initial randomisation group, unless otherwise stated.

2.4.1. Safety, pharmacokinetics, and immunogenicity
The number and proportions of patients who experienced TEAEs 
were reported. Mean (standard deviation [SD]) serum ontamalimab 
levels were reported every 4 weeks until Week 24, then at Weeks 32 
and 72. The numbers and proportions of patients with positive ADA 
status [log2 titre ≥4.64] and NAb status were summarised.

2.4.2. Efficacy
Efficacy endpoints were summarised using a non-responder imput-
ation [NRI] approach in which missing data were imputed as if 
 patients were non-responders, and separately using an  observed-cases 
approach, in which only the observed data were summarised. The 
mean proportions (90% confidence intervals [CIs]) of patients with 

mucosal healing [based on Mayo endoscopic subscore] and clinical 
response and clinical remission [based on total Mayo score] at Week 
16 were reported. For the subgroup of patients who underwent an 
additional endoscopy, the mean proportion [90% CI] of patients 
with mucosal healing pooled from Weeks 40–72 was reported in a 
post hoc exploratory analysis. The mean proportions [90% CIs] of 
patients with clinical response and remission based on partial Mayo 
score were reported every 4 weeks during OL1. Time to dose escal-
ation, and response and remission rates before and 16 weeks after 
dose escalation [based on partial Mayo score], were analysed in the 
subset of patients who escalated from 75 mg to 225 mg in OL1 in a 
post hoc analysis.

3. Results

Overall, 331 patients were randomised, and 330 received 
ontamalimab 75  mg [n  =  164] or 225  mg [n  =  166] [Figure 1]. 
Patients initially randomised to the 75 mg and 225 mg groups were 

Table 2. Safety characteristics of patients across OL1 [baseline to Week 72], OL2 [Weeks 76–144] and the follow-up period.

Ontamalimab 75 mg [n = 164] Ontamalimab 225 mg [n = 166] Ontamalimab 
overall [n = 330]

Overall TEAEs by system organ class, n [%]
Any TEAEa 146 [89.0] 147 [88.6] 293 [88.8]

Infections and infestations 96 [58.5] 94 [56.6] 190 [57.6]
General disorders and administration site conditions 43 [26.2] 58 [34.9] 101 [30.6]
Skin and subcutaneous tissue disorders 41 [25.0] 55 [33.1] 96 [29.1]
Gastrointestinal disorders 95 [57.9] 94 [56.6] 189 [57.3]
Nervous system disorders 33 [20.1] 48 [28.9] 81 [24.5]
Respiratory, thoracic, and mediastinal disorders 34 [20.7] 34 [20.5] 68 [20.6]
Musculoskeletal and connective tissue disorders 53 [32.3] 62 [37.3] 115 [34.8]

TEAEs considered related to ontamalimab 58 [35.4] 61 [36.7] 119 [36.1]
TESAEs 34 [20.7] 40 [24.1] 74 [22.4]
Treatment discontinuation due to TEAEsb 12 [7.3] 23 [13.9] 35 [10.6]
Deaths 1 [0.6] 0 [0.0] 1 [0.3]
Individual TEAEs, reported in ≥5% of patients, n [%]
Ulcerative colitisc 55 [33.5] 50 [30.1] 105 [31.8]
Arthralgia 27 [16.5] 30 [18.1] 57 [17.3]
Nasopharyngitis 20 [12.2] 28 [16.9] 48 [14.5]
Upper respiratory tract infection 23 [14.0] 20 [12.0] 43 [13.0]
Headache 17 [10.4] 22 [13.3] 39 [11.8]
Gastroenteritis 19 [11.6] 14 [8.4] 33 [10.0]
Cough 20 [12.2] 11 [6.6] 31 [9.4]
Abdominal pain 9 [5.5] 21 [12.7] 30 [9.1]
Back pain 12 [7.3] 18 [10.8] 30 [9.1]
Nausea 8 [4.9] 20 [12.0] 28 [8.5]
Influenza 8 [4.9] 15 [9.0] 23 [7.0]
Pyrexia 15 [9.1] 7 [4.2] 22 [6.7]
Rash 8 [4.9] 13 [7.8] 21 [6.4]
Urinary tract infection 11 [6.7] 10 [6.0] 21 [6.4]
Diarrhoea 12 [7.3] 7 [4.2] 19 [5.8]
Pharyngitis 2 [1.2] 17 [10.2] 19 [5.8]
Vomiting 11 [6.7] 8 [4.8] 19 [5.8]
Bronchitis 10 [6.1] 8 [4.8] 18 [5.5]
Influenza-like illness 8 [4.9] 9 [5.4] 17 [5.2]
Sinusitis 7 [4.3] 10 [6.0] 17 [5.2]

Treatment groups based on initial randomisation assignment.
OL1, open-label treatment period 1; OL2, open-label treatment period 2; TEAE, treatment-emergent adverse event; TESAE, treatment-emergent serious 

 adverse event.
aIncludes non-treatment-related TEAEs.
bIncludes two patients in the 225 mg group who discontinued owing to TEAEs that occurred after the treatment period was completed.
cWorsening or ongoing disease activity.
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similar with respect to demographics and characteristics including 
age, sex, ethnicity, body mass index, and previous anti-TNF  exposure 
[Table 1]. Within the 75 mg group, the completion rate for OL1 was 

54.8% [90/164]. Of the patients who escalated to 225 mg, 35.1% 
[33/94] completed OL1; of the patients who did not escalate, 81.4% 
[57/70] completed OL1. In the group initially assigned to 225 mg, 
the completion rate for OL1 was 54.2% [90/166]. Overall, 81.4% 
[120/147] of patients who entered OL2 completed OL2. The most 
common reasons for study discontinuation were withdrawal of con-
sent [23.0%; 76/330] and insufficient response [12.7%; 42/330]. Of 
76 patients who withdrew consent, 41 did so during follow-up.

3.1. Safety
Overall, 2339 TEAEs occurred in 293 patients [88.8%; 293/330] 
[Table 2]. In most patients who experienced TEAEs, these were 
mild or moderate in severity (mild, 73/330 patients [22.1%]; mod-
erate, 153/330 patients [46.4%]; severe, 67/330 patients [20.3%]). 
TEAEs occurred in similar proportions of patients randomised 
to ontamalimab 75  mg (146/164 patients [89.0%]) and 225  mg 
(147/166 patients [88.6%]), and in a slightly higher proportion 
of patients who dose-escalated than in those who did not (85/94 
patients [90.4%] vs 61/70 patients [87.1%]). The most frequently 
reported SAE was worsening of or ongoing UC (33/330 patients 
[10.0%]). The most frequently reported TEAE system organ class 
was infections and infestations; events of this type occurred in 
57.6% of patients [190/330]. Serious infections occurred in 5.5% 
of patients [18/330] overall; the most common serious infection was 
gastroenteritis (3/330 patients [0.9%]). Pelvic abscess and pneu-
monia occurred in two patients [0.6%] each. There were no cases 
of tuberculosis. There were no notable changes from baseline values 
in laboratory results, vital signs, ECGs or results of neurological 
 assessments [data not shown].

The most frequently reported TEAEs were worsening of or 
 ongoing UC (105/330 patients [31.8%]), arthralgia (57/330 patients 
[17.3%]), and nasopharyngitis (48/330 patients [14.5%]; Table 2). 
No cases of progressive multifocal leukoencephalopathy [PML] or 
lymphoproliferative disorders were observed throughout the study, 
including during the follow-up period. Four cases of malignant neo-
plasms were observed: three non-melanoma skin cancers (two basal 
cell carcinomas [0.6%] and one squamous cell carcinoma [0.3%]) 
and one [0.3%] malignant lung neoplasm; these were not considered 
treatment-related.

In total, 478 TEAEs were considered related to ontamalimab 
in 119/330 patients [36.1%], and 35/330 patients [10.6%] dis-
continued treatment owing to TEAEs [Table 2]. In OL1, general 
disorders and administration site conditions that were considered 
treatment-related [including injection-site reactions, oedema, and 
pyrexia] were more common in patients initially assigned to 225 mg 
versus 75  mg ontamalimab (24/166 patients [14.5%] vs 13/164 
patients [7.9%]). No notable differences in any type of treatment-
related TEAE between patients initially randomised to ontamalimab 
75  mg versus 225  mg were observed in OL2 [at which point all 
patients were receiving 75 mg], or in the follow-up period. The pro-
portion of patients with treatment-related TEAEs was higher in OL1 
than OL2 (110/330 patients [33.3%] vs 27/156 patients [17.3%]; 
Supplementary Tables 2 and 3, available as Supplementary data at 
ECCO-JCC online).

One death occurred in OL1: a woman [26  years old, 75  mg 
 escalated to 225 mg], started high-dose prednisone owing to 
 increased disease activity and died of a pulmonary embolism 7 
weeks later [Table 2]. This was considered by the investigator to 
be  unrelated to treatment. There were no other cases of pulmonary 
embolism in this study.

The proportion of patients with ADAs was 6.3% at 
TURANDOT II baseline [19/301]; of these 19 patients, four had 
NAbs [Supplementary Table 4, available as Supplementary data at 
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ECCO-JCC online]. Most patients who were confirmed positive at 
any time point had ADA concentrations in the range 4.64–9.40 log2 
titres. Two patients had ADAs in the range 10.17–10.86 log2 titres 
between TURANDOT II baseline and Week 8. No patient had a titre 
that increased ≥2-fold over the course of the study. There were no 
reported hypersensitivity reactions that could be associated with the 
presence of ADAs. Whether patients had ADAs or not had no impact 
on serum ontamalimab concentrations in either of the dose groups 
[data not shown].

3.2. Efficacy
3.2.1. Mucosal healing at Week 16
The proportion of patients with mucosal healing in this study in-
creased from 20.3% at baseline to 28.5% overall at Week 16 
when using the NRI method. The proportion increased from 
20.7% [34/164] to 27.4% [45/164] in those initially assigned to 
ontamalimab 75 mg, and from 19.9% [33/166] to 29.5% [49/166] 
in patients assigned to ontamalimab 225 mg [Figure 2A].

We also analysed the data by treatment received in TURANDOT. 
In this analysis, the proportion of patients with mucosal healing in-
creased from 8.8% [6/68] at baseline to 35.3% [24/68] at Week 16 
in those assigned to receive placebo in TURANDOT [Figure 2B]. 
The proportion of patients with mucosal healing in those patients 
assigned to receive any dose of ontamalimab in TURANDOT in-
creased from 23.3% [61/262] at baseline to 26.7% [70/262] at 
Week 16 [Figure 2C]. The proportion of patients with mucosal 
healing in those who received ontamalimab in TURANDOT was 
generally maintained between baseline and Week 16 across all doses 
of ontamalimab. These results were similar when the observed case 
method was used [data not shown].

3.2.2. Long-term mucosal healing
Between Weeks 40 and 72, 101 patients underwent an additional, 
optional, centrally read endoscopy. Baseline characteristics for this 
subgroup were broadly similar to those of the overall population 

[Supplementary Table 5, available as Supplementary data at ECCO-
JCC online]. The principal difference was that a higher proportion of 
patients in this subgroup were clinical responders at baseline, com-
pared with the overall population, 64.4% [65/101] versus 46.7% 
[154/330]. At baseline, 25.7% of these patients [26/101] had mu-
cosal healing. The proportion of patients with mucosal healing in-
creased to 43.6% [44/101] at Week 16 and to 45.5% [46/101] at 
Weeks 40–72 in this subset of patients [Figure 3]. Of the 44 patients 
with mucosal healing at Week 16, 75.0% [33/44] maintained mu-
cosal healing up to Weeks 40–72.

3.2.2. Clinical remission and response
The proportion of patients with clinical remission based on 
total Mayo score increased from 11.5% [38/330] at baseline to 
20.3% [67/330] at Week 16 [Figure 4A]. This pattern was similar 
in both dose groups. Of patients who were not in remission at 
TURANDOT II baseline, 14.0% [41/293] had achieved remis-
sion by Week 16; this proportion was 10.2% [23/226] and 27.3% 
[18/66] for patients who received ontamalimab and placebo in 
TURANDOT, respectively [Supplementary Figure 1A, available 
as Supplementary data at ECCO-JCC online]. Of the patients 
who were in clinical remission at TURANDOT II baseline, 68.4% 
[26/38] were still in remission at Week 16. Of 170 non-responders 
at baseline, one patient [0.6%] was in remission at baseline. This 
patient had a score of 4 at TURANDOT baseline [enrolled in 
error] and 2 at TURANDOT Week 12 [TURANDOT II baseline] 
and therefore met the remission, but not the response, criteria. The 
proportion of non-responders at baseline who achieved remission 
increased to 7.6% [13/170] by Week 16. Of 154 responders, the 
proportion in remission increased from 24.0% [37/154] at base-
line to 35.1% [54/154] at Week 16. These results were similar 
in both dose groups and when using an observed case approach 
[data not shown].

The proportion of patients with clinical response based on total 
Mayo score increased from 46.7% [154/330] at baseline to 56.7% 
[187/330] at Week 16 [Figure 4B]; a similar increase was observed 
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in both dose groups. Of 170 patients who did not have a response 
at the end of TURANDOT, 38.2% [n = 65] had achieved a response 
by Week 16 of TURANDOT II; this proportion was 34.7% [42/124] 
and 47.8% [22/46] for patients who received ontamalimab and 
 placebo in TURANDOT, respectively [Supplementary Figure 1B]. Of 
the patients who had a response at TURANDOT II baseline, 78.6% 
[121/154] still had a response at Week 16. These results were similar 
in both dose groups, and when using an observed case approach 
[data not shown].

Following an increase from baseline to Week 16, the proportions 
of patients with clinical remission and response based on partial 
Mayo score decreased over time [Supplementary Figure 2, available 
as Supplementary data at ECCO-JCC online]. Mean [SD] partial 
Mayo score improved from 3.8 [2.29] at TURANDOT II baseline 
to 1.0 [1.31] at Week 144 [end of OL2] in patients who remained in 
the study [n = 127]. The mean change from TURANDOT baseline 
to Week 144 was -4.7 [1.73]. This improvement was similar in both 
dose groups.

3.2.3. Dose escalation
In patients who escalated their dose to 225 mg [n = 94], the  median 
time to dose escalation was 25.6 weeks; patients who dose-escalated 
remained on treatment for a median of 14.7 weeks, with most 
 patients [52.1%; 49/94] having fewer than five doses after dose 
 escalation. The response rate [based on partial Mayo score] did not 
change substantially between the point of dose escalation and 16 
weeks after escalation (29.8% [28/94] vs 30.9% [29/94]), and 
 remained lower than in patients who did not escalate and in patients 
randomised to 225  mg. Remission rates [based on partial Mayo 
score] appeared to increase from the point of dose escalation to 16 
weeks post-escalation (8.5% [8/94] vs 25.5% [24/94]); however, 
remission rates remained lower than in both the group of patients 
who did not escalate and the group randomised to 225 mg.

3.3. Pharmacokinetics and pharmacodynamics
Overall, there was a dose-related increase in serum ontamalimab 
concentration during OL1 [Supplementary Figure 3, available as 
Supplementary data at ECCO-JCC online]. Mean [SD] concentra-
tions of ontamalimab increased from a baseline value of 6398.62 
[8584.4] µg/L to 10  928.9 [7900.8] µg/L at Week 20 in patients 
receiving 75  mg, and from 8064.4 [10  629.8] µg/L to 25  583.0 
[11  767.8] µg/L in the same period in those initially assigned to 
225 mg. The observed concentrations in pharmacokinetic samples 
collected over 20 weeks suggest that the steady state was achieved 
around Week 12 for both doses of ontamalimab [Supplementary 
Figure 3], consistent with the molecule’s half-life of approximately 
17 days.23

Geometric mean hsCRP and FC levels decreased across OL1 
in both dose groups [Figure 5]. Geometric mean hsCRP levels 
 decreased from 0.39  mg/dL to 0.25  mg/dL [Figure 5A], with a 
 geometric mean percentage change from TURANDOT II baseline 
to Week 72 of -23.8 [90% CI -36.6 to -8.5]. There were no notable 
differences between dose groups. The geometric mean percentage 
change in hsCRP was greater in patients assigned to placebo versus 
ontamalimab in TURANDOT (-70.4 [-84.9 to -48.7] vs -5.9 [-22.9 
to 14.8]). Geometric mean FC levels decreased from 848.37 µg/g to 
300.00 µg/g in all patients [Figure 5B]. At Week 72, the geometric 
percentage change in FC level from TURANDOT II baseline was 
-41.6 [-58.0 to -18.8]. As with hsCRP, the decrease in the geometric 
mean percentage change in FC was larger in the group assigned to 
placebo versus ontamalimab in TURANDOT (-81.8 [-90.8 to -63.9] 
and -16.7 [-41.8 to 19.4]).

There was a decrease in geometric mean soluble MAdCAM-1 
from 33.5 pmol/L at TURANDOT II baseline to 6.2 pmol/L at Week 
16 [-81.4% [90% CI -84.5 to -77.6]]. As with hsCRP and FC, the 
decrease in soluble MAdCAM-1 was larger in the group assigned to 
placebo versus ontamalimab in TURANDOT (-97.8 [-98.2 to -97.2] 
and -65.9 [-71.1 to -59.7]).

4. Discussion

This study is the first to report on the safety and efficacy of an 
 anti-MAdCAM-1 antibody in a phase 2 trial of more than 12 weeks in 
 patients with moderate-to-severe UC. Unlike other recent studies, this 
trial included patients who had received placebo during the  induction 
trial and those who did not meet criteria for response following  induction 
with active treatment. Based on safety data collected over a total duration 
of 3 years [across TURANDOT and TURANDOT II], ontamalimab was 

95/166

0

20

40

Pr
op

or
ti

on
 o

f 
pa

ti
en

ts
 in

re
m

is
si

on
 (

%
)

60

80

100A

18/166 37/166

Baseline Week 16

Baseline Week 16

20/164 30/16438/330 67/330

0

20

40

Pr
op

or
ti

on
 o

f 
pa

ti
en

ts
 w

it
h

re
sp

on
se

 (
%

)

60

80

100B

75/16679/164

n =

n = 92/164154/330 187/330

Ontamalimab 75 mg
Ontamalimab 225 mg
All doses

Figure 4. Proportion [90% CI] of patients [A] in  remission and [B] 
with  response to ontamalimab at baseline [Week 12 of TURANDOT] and 
Week 16, based on total Mayo score. 90% CIs calculated using Wilson score 
test. Patients who were missing results for the endpoint were imputed as 
not meeting the endpoint. Treatment groups based on initial randomisation 
assignment. CI, confidence interval.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab023#supplementary-data


946 W. Reinisch et al.

well tolerated, with a safety profile that remained stable in the long 
term. Moreover, the continued efficacy of ontamalimab was evi-
dent, with clinical response and remission rates persisting in the 
long term.

As expected based on results from TURANDOT and other 
ontamalimab trials,20,21 the most common TEAEs seen in this study 
were related to patients’ underlying disease. The overall safety pro-
file of ontamalimab was consistent with that previously described20,21 
and with that of vedolizumab.24 Furthermore, over the 144-week 
study period, there were no cases of lymphoproliferative disorders 
or PML [an opportunistic infection of the central nervous system, 
reported with long-term natalizumab treatment25–27], corroborating 
findings from TURANDOT and trials of ontamalimab in other 
populations.19,21 The latter is of particular significance, given that 
natalizumab non-selectively targets the α4 integrin subunit, blocking 
the interaction between the α4β1 integrin and VCAM-1. All types of 

serious infections were infrequent in the present study, occurring in 
5.5% of patients overall. Although four patients in this trial experi-
enced malignant neoplasms [three non-melanoma skin cancers and 
one lung cancer], and one patient died of pulmonary embolism, none 
of these five events was reported as drug-related by the investigator. 
Rather, increased risks of cancer and thrombosis have been associ-
ated with IBD itself and other IBD treatments such as thiopurines 
and glucocorticoids.28–31 Notably, although the proportion of 
 patients with TEAEs leading to treatment withdrawal and the pro-
portion with injection-site reactions were higher in the 225 mg group 
than the 75 mg group, no patient discontinued treatment owing to 
an injection-site reaction. The most common reason for treatment 
withdrawal was insufficient response, suggesting ontamalimab was 
generally very well tolerated.

This study assessed the immunogenicity of ontamalimab as a sec-
ondary objective. Immune response development to a therapeutic 

0

0.10

0.20

0.30

0.40

0.50

0.60

Baseline 4 8 12 16 20 24 32 72

160
162
322

75 mg, n =
225 mg, n =

All doses, n =

156
161
317

154
158
312

155
155
310

150
146
296

121
125
246

113
123
236

109
113
222

82
83
165

G
eo

m
et

ri
c 

m
ea

n 
hs

C
R

P 
(m

g/
dL

)

Time (weeks)

Ontamalimab 75 mgA

B

Ontamalimab 225 mg
All doses

0

200

400

600

800

1000

1200

1400

G
eo

m
et

ri
c 

m
ea

n 
FC

 (
µg

/g
)

Baseline 4 8 12 16 20 24 32 72

Time (weeks)
142
155
297

141
141
282

129
138
267

133
133
266

122
129
251

107
112
219

92
110
202

93
102
195

59
63

122

75 mg, n =
225 mg, n =

All doses, n =

Figure 5. Geometric mean [90% CI] concentrations of [A] hsCRP and [B] FC from baseline [Week 12 of TURANDOT] to Week 72. Treatment groups based on initial 
randomisation assignment. CI, confidence interval; FC, faecal calprotectin; hsCRP, high-sensitivity C-reactive protein.



The TURANDOT II Study 947

protein can affect its safety profile and can reduce treatment efficacy 
through increased drug clearance. Overall, the proportion of patients 
with ADAs was found to be low. Small decreases in the proportion 
of patients with ADAs over time may have resulted from patients 
with ADAs discontinuing the study. However, there was no evidence 
of increasing ADA titres over time, consistent with the absence of a 
clinically relevant immune response to ontamalimab.

Mucosal healing and remission rates at Week 16 in this study in 
patients who received placebo in TURANDOT support the efficacy of 
ontamalimab as induction therapy. Likewise, patients who received 
placebo in TURANDOT had marked reductions in the  inflammatory 
biomarkers hsCRP and FC by the end of TURANDOT II compared 
with baseline, further supporting this concept. Long-term reductions 
in hsCRP and FC, biomarkers known to correlate with clinical re-
sponse and mucosal healing in UC,32–34 were associated with both 
ontamalimab doses in the current study, as was a reduction in free 
soluble MAdCAM-1, a biomarker specific to the mode of action of 
this biologic.

As an exploratory objective, this study investigated the long-term 
efficacy of ontamalimab. Of patients entering the study who had 
received ontamalimab during TURANDOT and who were in clin-
ical remission or had a response, the majority sustained that out-
come after an additional 16 weeks of treatment. Patients randomised 
to ontamalimab 75 mg, who did not respond or lost response and 
underwent dose escalation to 225 mg, had lower response and remis-
sion rates than other groups. Nevertheless, there was no clear signal 
that dose escalation affected patient outcomes; rather, the  criteria 
for escalation may have effectively resulted in a self-selected group 
of non-responders. Another hypothesis is that there is a U-shaped 
 dose-response curve [hormesis], such that doses greater than 75 mg 
are associated with lower response rates. Further studies investigating 
dose escalation would be needed to allow a firmer  conclusion on this 
to be drawn.

Surprisingly, differences between the 75 mg and 225 mg doses 
 observed in TURANDOT were not confirmed in this study. This 
could relate to well-known differences in outcomes in  open-label 
versus blinded studies, as was the case with the open-label study 
TOSCA versus the blinded study OPERA, which examined 
ontamalimab in patients with Crohn’s disease.18,19 Nevertheless, the 
clinical  performance of the 225  mg dose remains uncertain, and 
the question of optimal dosing needs further exploration before a 
 definitive answer can be established.

There are a few study limitations that should be noted. This 
trial investigated the open-label administration of two doses of 
ontamalimab based on results of previous studies. However, the ab-
sence of a placebo group in this trial limits quantification of the full 
benefit of ontamalimab over the long term. In addition, the lack of 
blinding may have allowed some bias. Furthermore, although dose 
escalation was permitted, this trial was not designed to investigate 
it; owing to the wide range of timings allowable for dose escalation, 
assessments of different doses were limited to groups based on the 
initial treatment randomisation. Last, the consent withdrawal rate in 
this study of 23% was higher than expected, but could be linked to 
the commercial availability of vedolizumab during this trial.

We conclude that our study substantiates and adds to  results 
from the previous trial, TURANDOT, demonstrating a good 
safety and efficacy profile of ontamalimab during long-term treat-
ment up of to 144 weeks. Continued clinical benefit in both treat-
ment arms supports phase 3 clinical testing of ontamalimab in 
moderate-to-severe UC.
The datasets, including the redacted study protocol, redacted statistical ana-
lysis plan, and individual participant data supporting the results reported in 

this article, will be made available [within 12 months from initial request] to 
researchers who provide a methodologically sound proposal. The data will 
be provided after its de-identification, in compliance with applicable privacy 
laws, data protection, and requirements for consent and anonymization.
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