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Abstract

Background and Aims: This analysis examined the long-term safety and efficacy of ozanimod in 
patients with moderately to severely active ulcerative colitis [UC] with ≥ 4 years of follow-up in the 
phase 2 TOUCHSTONE open-label extension [OLE].
Methods: Patients receiving placebo or ozanimod HCl 0.5 mg or 1 mg during the double-blind 
period could enter the OLE [ozanimod HCl 1 mg daily]. Partial Mayo score [pMS] clinical response 
and remission were assessed through OLE week 200 and summarized descriptively using observed 
cases [OC] and non-responder imputation [NRI]. Endoscopy was required at OLE week 56 and the 
end of treatment. Parameters associated with endoscopy were summarized at weeks 56 and 104 
[OC], and week 56 [NRI]. C-reactive protein and faecal calprotectin were assessed. Adverse events 
were monitored throughout the study.
Results: Of 197 patients receiving double-blind treatment, 170 entered the OLE. Discontinuation 
rates were 28% at year 1 and 15–18% annually through year 4. Partial Mayo measures indicated 
clinical response and remission rates at OLE week 200 of 93.3% and 82.7%, respectively, using 
OC and 41% and 37% with the more conservative NRI analysis. At weeks 56 and 104, respectively, 
histological remission rates were 46.3% and 38.5%, and endoscopic improvement rates were 
46.4% and 46.5% [OC]. No new safety signals were identified during ≥ 4 years of follow-up.
Conclusions: There was a high rate of continued study participation and long-term benefit with 
ozanimod HCl 1 mg daily based on clinical, histological and biomarker measures in patients with 
moderately to severely active UC in the TOUCHSTONE OLE. [NCT02531126]
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1.  Introduction

Ulcerative colitis [UC] is a chronic inflammatory bowel disease [IBD] 
associated with significant morbidity and reduced quality of life.1,2 
UC is characterized by a chronic course of remissions and exacerba-
tions, and patients with active disease are at an increased risk for dys-
plasia as a result of uncontrolled inflammation, as well as comorbid 
psychological conditions such as anxiety and depression.1 An  
important therapeutic goal in UC is achievement and long-term main-
tenance of steroid-free remission, defined based on symptoms and 
endoscopic findings.1,3 Mucosal healing, an important therapeutic  
objective, has traditionally been evaluated with endpoints based on 
endoscopic scores only. Recent studies, however, suggest that histo-
logical remission, defined as Geboes index score of < 2.0, rather than 
endoscopic remission may be more predictive of disease outcomes 
in UC.4

Current treatments for UC include non-specific anti-inflam-
matory agents, immunosuppressants, and targeted therapy with 
biologics and small molecules.1,5,6 Biological agents require parenteral 
administration, and are associated with lack or loss of response.3,7–9 
The oral small-molecule Janus kinase inhibitor tofacitinib has been 
linked to safety concerns, including infections and thromboembolic 
events.10,11 Thus, there is a high unmet need for a safe and effective 
oral therapy for UC that provides a durable treatment response.

The sphingosine-1-phosphate [S1P] receptor subtype 1 [S1P1] 
plays an important role in the inflammatory response.12–16 By 
preventing trafficking of disease-exacerbating lymphocytes to the gut, 
ozanimod may provide immunomodulatory effects and moderate 
disease processes. S1P-receptor modulation has been shown to be 
safe and efficacious in other chronic immune-mediated inflammatory  
conditions, including relapsing forms of multiple sclerosis [MS]  
and Crohn’s disease.17–21

Ozanimod [RPC1063] is a potent S1P1 receptor modulator that 
binds selectively with high affinity to the S1P receptor subtypes S1P1 
and S1P5,

22 both of which are involved in immune regulation.14 
Ozanimod was approved in 2020 in the USA23 and EU24 for the 
treatment of relapsing forms of MS based on data from two phase 3 
clinical trials.20,25 Ozanimod is also being developed for patients with 
moderately to severely active IBD, including UC and Crohn’s disease, 
based on favourable activity and safety data from preclinical and 
phase 1 studies.22,26,27 The randomized, placebo-controlled phase 2 
TOUCHSTONE study evaluated the efficacy and safety of ozanimod 
HCl doses of 0.5 mg [equivalent to ozanimod 0.46 mg] and 1 mg 
[equivalent to ozanimod 0.92 mg] orally once daily compared with 
placebo during induction and maintenance periods in patients with 
moderately to severely active UC. Treatment with ozanimod HCl 
1  mg daily resulted in a significantly higher rate of UC clinical 

remission compared with placebo at 8 weeks during the induction 
period [primary endpoint].28 The higher rates of clinical remission, 
clinical response, endoscopic improvement and histological remis-
sion and the lower Mayo Clinic scores observed at week 8 were 
maintained through week 32 of the maintenance period. Indeed, the 
proportion of patients in clinical remission was higher at week 32 
than at week 8, suggesting that extended treatment may incremen-
tally improve efficacy.28,29

Herein, we report the long-term efficacy and safety of ozanimod 
HCl 1 mg orally once daily with 4 years [200 weeks] of follow-up 
during the open-label extension [OLE] period of the TOUCHSTONE 
study.

2.  Materials and Methods

2.1.  Study design
TOUCHSTONE [NCT01647516] was a randomized, double-blind, 
placebo-controlled phase 2 trial that included a 5-week screening, 
9-week induction [including an initial 7-day dose-escalation 
period], 24-week maintenance and optional OLE period in patients  
with moderately to severely active UC [NCT02531126]. The 
TOUCHSTONE study design and the results from the induction 
and maintenance periods have been published previously.28 Eligible  
patients were 18–75 years of age with a diagnosis of UC confirmed 
by endoscopic and histological evidence. Additional eligibility  
criteria and the exclusion criteria have been published.28

Patients with moderately to severely active UC [Mayo score 6–12 
with endoscopic subscore of ≥ 2] who enrolled into the main study 
could enter the optional OLE and receive treatment with ozanimod 
HCl 1 mg orally once daily if they were non-responders at the end 
of the 9-week induction period, lost their response during the subse-
quent 24-week maintenance period, or completed maintenance treat-
ment. After entering the OLE period, patients who had not shown 
clinical improvement, based on investigator assessment, within 
8  weeks were discontinued from the study. In 2019, the sponsor 
made the decision to close the phase 2 TOUCHSTONE study after 
all active patients had completed at least 4  years [200  weeks] of 
follow-up. Eligible patients who remained in the study at the time 
of study closure also were provided the opportunity to roll over into 
the phase 3 OLE study [Figure 1].

After entering the OLE period, patients received a 7-day dose-
escalating ozanimod regimen, consisting of the 0.25  mg dose for 
4 days, followed by the 0.5 mg dose for 3 days, and then 1 mg daily 
over the duration of the OLE period. The objectives of the study 
during the OLE period were to assess the long-term safety and  
efficacy of ozanimod HCl 1 mg daily.

Treatment for up to 32
weeks prior to OLE 

Placebo, n = 65;
Ozanimod HCl 0.5 mg, n = 65;
Ozanimod HCl 1 mg, n = 67

Induction & maintenance

End of induction
(n = 81)

Lost response during
maintenance (n = 7)

Completed
maintenance

(n = 82)

OLE day 1/week 0

Ozanimod HCl 1 mg

Entry into OLE
(N = 170)

Open-label extension

OLE week 56 OLE week 104 OLE week 200

Figure 1. TOUCHSTONE study design.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/15/7/1120/6092404 by guest on 10 April 2024



1122 W. J. Sandborn et al.

The study was designed by the sponsor and authors and  
conducted in accordance with the principles of the Declaration 
of Helsinki and Good Clinical Practice guidelines as described in 
International Conference on Harmonization Guideline E6. In  
addition, the study complied with all local regulatory guidelines 
and requirements for data protection. All patients provided written  
informed consent.

2.2.  Assessments and measurements
2.2.1.  Efficacy measures
Patients recorded their stool frequency and rectal bleeding in daily 
diaries through the end of the OLE. This information was added to 
severity scores from physician global assessment [PGA] of disease to 
comprise a partial Mayo score [pMS], and to the PGA and findings  
on endoscopy to comprise the total Mayo score. Parameters 
comprising the various endpoints assessed are summarized in 
Supplementary Table 1.

2.2.2.  Partial Mayo scores
Partial Mayo scores ranged from 0 to 9 and were assessed at OLE 
weeks 4 and 8 and at 12-week intervals thereafter. Clinical remis-
sion was defined as a pMS of ≤ 2 points with no individual subscore 
of > 1 point, and clinical response was defined as a reduction from  
baseline in pMS of ≥ 2 points and ≥ 30% and either a reduction in 
rectal bleeding score [RBS] of ≥ 1 point or an absolute RBS of ≤ 1 
point.

2.2.3.  Total Mayo scores
A three-component Mayo score included the subcomponents of 
stool frequency score [SFS], RBS and endoscopy, the four-component 
Mayo score included these as well as the PGA. Scores on the four 
subcomponents ranged from 0 to 3, with the total scores ranging up 
to 9 for the three-component and up to 12 for the four-component 
Mayo assessments, respectively. Higher scores indicate greater  
disease severity. Clinical remission and clinical response were defined 
using both the three-component and the four-component Mayo 
score as described in Supplementary Table 1. Clinical remission was  
defined as a total Mayo score of ≤ 2 points with no individual 
subscore of > 1 point [four-component] and as an RBS of 0, SFS of ≤ 1 
with a decrease in SFS of ≥ 1 point from baseline, and an endoscopy  
score of ≤ 1 [three-component]. Clinical response was defined as a 
reduction in total Mayo score of ≥ 3 points and ≥ 30% from baseline  
and a reduction in RBS of ≥ 1 point or absolute RBS of ≤ 1 point 
[four-component] and as a reduction from baseline in the nine-point  
Mayo score of ≥ 2 points and ≥ 35% and either a reduction 
from baseline in RBS of ≥ 1 point or absolute RBS of ≤ 1 point 
[three-component].

2.2.4.  Endoscopy and timing considerations
Endoscopy assessment timing was required in the final protocol at 
OLE week 56 and at the end of treatment or study for all enrolled 
 patients. Because endoscopy assessments beyond week 56 were limited 
based on protocol requirements, the parameters that are associated 
with endoscopy (i.e. four- or three-component total Mayo score,  
endoscopy improvement per independent central evaluation at 
Robarts Clinical Trials [London, Ontario, Canada] and histology) 
were reported based on assessments at OLE weeks 56 and 104. 
Histological remission was defined as a Geboes index score of < 2.0; 
endoscopic improvement was defined as an endoscopic subscore of 
≤ 1 point; endoscopic remission was defined as an endoscopy subscore 
of 0; and mucosal healing was defined as an endoscopy subscore of 0 

and a Geboes index score < 2.0. Efficacy measurements with assess-
ments up to OLE week 200 included frequency of clinical remission 
or clinical response based on the pMS, frequency of patients with 
SFS and RBS of 0 or 0/1, and changes from OLE baseline in pMS. 
Efficacy measures with limited data after OLE week 104 included 
clinical remission or response based on four- or three-component 
Mayo scores, histological remission, endoscopic improvement,  
mucosal healing and change from OLE baseline in total Mayo score.

2.2.5.  Biomarkers
The biomarkers C-reactive protein [CRP] and faecal calprotectin 
[FCP] were assessed prior to ozanimod initiation, and at OLE week 
8 and the end of treatment/study, and at safety follow-up day 30. 
CRP was also assessed at OLE week 4 and at 12-week intervals after 
OLE week 8.

2.2.6.  Safety
Adverse events were monitored throughout the study and at the 
30- and 90-day safety follow-up visits; blood chemistry and haem-
atological assessments were conducted at OLE weeks 4 and 8, at 
12-week intervals thereafter, at the end of study and at the 30-day 
safety follow-up visit.

Safety measures included incidence and type of treatment-
emergent adverse events [TEAEs], discontinuations due to TEAEs 
and serious TEAEs. The incidence of TEAEs of special interest also 
was assessed, including events potentially associated with modulation  
of S1P receptors [bradycardia, heart conduction abnormalities,  
pulmonary toxicity, increases in hepatic aminotransferases, macular 
oedema] and events potentially related to immune modulation 
[infections, malignancies]. Vital signs, Holter monitoring, electro-
cardiograms [ECGs], pulmonary function tests, optical coherence 
tomography [OCT], blood chemistry and haematology panels,  
coagulation panels and urinalysis were assessed at baseline and various 
time points during the study. In addition, to monitor for macular 
oedema, patients were questioned about visual signs or symptoms  
at each study visit and instructed to inform the investigator if  
symptoms developed between visits. For symptomatic patients, 
OCT and ophthalmological examination including dilated  
ophthalmoscopy were performed, and patients whose ophthalmic 
evaluations revealed abnormalities were followed until values  
returned to baseline. Changes in absolute lymphocyte count also 
were assessed.

2.3.  Statistical analyses
Analyses were performed on all randomized patients who received at 
least one dose of study drug in the OLE. OLE baseline was defined 
as the last assessment prior to the first dose of ozanimod regardless  
of study phase. No formal hypothesis testing was performed. The 
proportions of patients in partial Mayo clinical remission or with 
partial Mayo clinical response were summarized descriptively using 
observed cases and non-responder imputation [NRI] analyses. 
Because amendments to the study protocol modified the requirement  
for endoscopy during the OLE, the proportions of patients in clin-
ical remission [based on the four- or three-component Mayo score], 
clinical response [four- or three-component Mayo] and endoscopic  
endpoints [histological remission, endoscopic improvement,  
endoscopic remission and mucosal healing] were descriptively  
summarized using observed cases and NRI at OLE weeks 56 and 
104. Change from baseline in Mayo score, SFS and RBS scores over 
time, and CRP biomarker levels over time were calculated using ob-
served cases. Safety endpoints are presented descriptively.
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3.  Results

3.1.  Patient disposition and baseline characteristics
Of 197 patients in TOUCHSTONE, 170 entered the OLE period 
and received daily ozanimod HCl 1 mg [104 were non-responders 
and 66 were responders; 55, 56, and 59 were originally random-
ized to placebo, 0.5 mg ozanimod HCl and 1 mg ozanimod HCl, 
respectively]. Of these, 81 patients [78 non-responders, three 
responders, no remitters] entered the OLE period at the end of 
the induction period, seven [all non-responders] entered during 
the maintenance period, and 82 (22 non-responders and 60  
responders [of whom 29 were remitters]) entered at the end of 
the maintenance period [three of the 22 non-responders were  
responders in the induction phase, entered the OLE at the end of 
maintenance with missing data and were included as responders; 
Figure 1]. At the time of this analysis [data cutoff, November 
15,  2019], 99 patients [58%] had discontinued the OLE study, 
with 28% of the patients discontinuing in the first year, and an 
annual discontinuation rate of 15– 18% for existing patients in 
years 2–4 [Table 1]. Reasons for discontinuation are shown in 
Figure 2. At study closure, of the 71 UC patients eligible to roll 
over into the phase 3 OLE study, 54 did so as a joint decision of 
patients and the treating investigators [Figure 2].

Of the 170 patients in the OLE, the mean [range] age of pa-
tients at baseline for the double-blind study [induction period] was 
40.4 [18–73] years, 57.6% of patients were male and 92.4% of pa-
tients were white [Table 2]. The mean [SD] duration of disease from 
diagnosis to the baseline of the double-blind study was 5.9 [5.29] 
years, and most patients [81.8%] had not received prior anti-tumour 
 necrosis factor [anti-TNF] therapy.

The mean exposure to ozanimod over the course of the study was 
2.8 person-years [478.7 total person-years].

3.2.  Efficacy
Observed scores for the partial and total Mayo scores decreased  
substantially over time, with pMS plateauing at < 2 by OLE week 
8 and remaining stable over time [Figure 3]. The percentages of  
patients in partial Mayo clinical response and remission were 86.4% 
and 66.4%, respectively, at OLE week 56 and 93.3% and 82.7%, 
respectively, at OLE week 200 [Figure 4A]. When using NRI, partial  
Mayo clinical response and remission were 71.2% and 54.7%,  
respectively, at OLE week 56 and 41.2% and 36.5%, respectively, at 
week 200 [Figure 4B].

The percentages of patients with SFS of 0 or 0/1 were higher 
at OLE week 4 [23.3% and 62.0%, respectively] compared 
with double-blind baseline [0.6% and 16.5%, respectively] and  
continued to increase during the OLE period until week 200 [47.9% 
and 88.7%, respectively; Figure 4C]. Similarly, the percentages of  
patients with RBS of 0 or 0/1 were higher at OLE week 4 [71.2% 
and 93.9%, respectively] compared with double-blind baseline 

[7.6% and 46.5%] and continued to increase slightly over time until 
week 200 [87.3% and 98.6%, respectively; Figure 4D].

Clinical response and remission using a four- and three-
component Mayo score, and endoscopic endpoints in observed 
cases at OLE weeks 56 and 104 are shown in Figure 5. Results 
obtained by OLE week 56 were generally maintained to week 104 
for each endpoint. Using NRI, the clinical response and remission 
at OLE week 56 were 39.4% and 18.8%, respectively on the four-
component Mayo measure, and 35.3% and 21.2%, respectively 
on the three-component Mayo measure [data not shown]. The  
percentage of patients achieving histological remission, endoscopic 
improvement, endoscopic remission and mucosal healing at week 
56 [using NRI] was 18.2%, 22.9%, 5.9% and 2.4%, respectively.

The median CRP concentration was reduced by 25% from pre-
treatment [OLE baseline] to OLE week 4 (median [min, max] CRP 
at OLE baseline: 4.7  mg/L [0.1,  131]; at OLE week 4: 2.9  mg/L 
[0.1, 152]), and by 35% from pretreatment to week 8 (median OLE 
week 8: 2.3 mg/L [0.1, 84]), and this reduction was maintained over 
time through week 200 [Figure 6A]. Of the 158 patients with avail-
able data, 47 [29.7%] achieved CRP < 10 at OLE week 8. FCP was 
measured at week 8 and at the end of the study. The median FCP 
concentration was reduced by 68% from pretreatment to OLE week 
8 (OLE baseline median [min, max]: 1159.0 µg/g [10, 12 364]; OLE 
week 8: 288.5 µg/g [10, 6464]) and by 63% at the end of the study 
(end of study median [min, max]: 502.0 µg/g [10, 109 336]; Figure 
6B). Of 160 patients with available data, 69 [43.1%] achieved 
FCP < 250 at OLE week 8. FCP concentrations were highly variable, 
which may account for the change seen between the week 8 and end 
of study visits.

3.3.  Safety
The most common TEAEs were UC [6.5%], hypertension 
[5.9%], upper respiratory infection [5.9%] and increased gamma 
glutamyltransferase [5.3%] [Table 3]. Two patients experienced 
macular oedema or thickening due to retinal vein thrombosis that 
did not require study discontinuation. One patient experienced 
two episodes of mild or moderate localized herpes zoster infection 
[no prior history of herpes zoster infection] [n = 1; ozanimod HCl 
0.5 mg], increased hepatic enzymes [n = 1; ozanimod HCl 0.5 mg] 
and cholestasis [n = 1; placebo] during the OLE.

Nine patients [5.3%] had a TEAE of lymphopaenia or reduced 
lymphocyte counts; these events were considered to be mild in two 
patients, moderate in six patients and severe in one patient. One 
patient with decreased lymphocyte counts had an adverse event of 
gastrointestinal infection during the same time period that was of 
moderate severity and considered unrelated to treatment. Overall, the 
mean absolute blood lymphocyte count decreased from OLE base-
line [1.910 × 109 cells/L, SD = 0.855] to OLE week 4 [0.990 × 109 
cells/L; SD = 0.552] and remained steady thereafter.

Table 1. Annual patient discontinuations over the 4-year OLE

Completed, n Discontinued/entered, n/N Cumulative discontinuations, n Discontinuation rate, %

OLE day 1/week 0 170 —  —
OLE week 56 123 47/170 47 27.6
OLE week 104 102 21/123 68 17.1
OLE week 152 84 18/102 86 17.6
OLE week 200 71 13/84 99 15.5

OLE, open-label extension.
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TEAEs leading to study drug discontinuation during the OLE were 
reported for 17 patients [10%; eight originally in the ozanimod HCl 
0.5 mg group, four in the ozanimod HCl 1 mg group and five in the 
placebo group during the double-blind treatment period]. These events 
included UC [n = 4; discontinuation due to pleurisy also reported in 
one of the four patients], adenocarcinoma of unknown origin [n = 1], 
cholestasis [n = 1], colitis [n = 1], dysplasia [n = 1], erysipelas [n = 1], 
haemolytic anaemia and jaundice [n = 1], hypochromic anaemia 
[n = 1], hyperbilirubinaemia and autoimmune haemolytic anaemia 
[n = 1], interstitial lung disease [n = 1], ischaemic stroke [n = 2], spon-
taneous abortion [n = 1] and thrombocytopenia [n = 1].

The most commonly reported serious adverse events [SAEs] were 
UC [n = 6], anaemia [n = 2] and ischaemic stroke [n = 2] [Table 3]; 

none of these were considered related to study treatment as assessed 
by the study investigator. SAEs considered potentially related to 
study treatment by the investigator that were reported in patients 
originally randomized to ozanimod HCl 0.5  mg were adenocar-
cinoma [of unknown origin] and ascites [both occurring in one 
patient who discontinued treatment], pneumococcal pneumonia, 
pneumonia, and hyperbilirubinaemia [n = 1 each]; those occurring 
in patients originally randomized to ozanimod HCl 1 mg included 
haemolytic anaemia and jaundice [both occurring in the same 
 patient] and spontaneous abortion in a 29-year-old woman. Study 
medication was discontinued immediately upon a positive preg-
nancy test, 43 days after her last menstrual period. She experienced a 
miscarriage 18 days later, which was 61 days after her last menstrual 
period. This event was considered by the investigator to be ‘possibly’ 
related to study medication. No SAEs considered potentially related 
to study treatment by the investigator were reported in patients  
originally randomized to placebo. No serious abnormalities in 
 cardiac chronotropy or adverse effects on cardiac conduction were 
observed. No clinically significant elevations in hepatic transamin-
ases and no evidence of serious hepatocellular injury were observed. 
No safety concerns related to the study drug were noted for any of the 
haematological assessments; however, one case of lymphopaenia was  
classified as severe, but was not associated with infection and did not 
result in study discontinuation. Three patients had a serious infection 
during the OLE, but none was associated with grade 4 lymphopenia 
[absolute lymphocyte count < 200]. One death was reported due to 
the above-mentioned mucinous adenocarcinoma of unknown origin 
with metastasis to the liver in a patient who had been in the study 
for more than 2 years.

4.  Discussion

In the randomized, phase 2 TOUCHSTONE OLE, long-term treat-
ment with oral ozanimod HCl 1 mg daily resulted in durable efficacy 
based on clinical, endoscopic, histological and biomarker measures 

Patients randomized in
TOUCHSTONE

N = 197

Placebo
n = 55

n = 24 n = 20 n = 27 n = 71 Patients who did not
discontinue

Rollover to phase 3 study
(n = 54)

Rollover to phase 3 study
(n = 23)

Rollover to phase 3 study
(n = 13)

Did not roll over to phase 3
study (n = 17)*

Did not roll over to phase 3
study (n = 4)*

Did not roll over to phase 3
study (n = 7)*

Rollover to phase 3 study
(n = 18)

Discontinued (n = 31)
- Adverse event/intercurrent
  illness 5
- Pregnancy 0
- Noncompliance 1
- Investigator decision 1
- Withdrawal of consent 9
- Lost to follow-up 1
- Lack of ef�cacy/worsening
  disease 7
- Patient choice to discontinue
  dosing 7

Discontinued (n = 36)
- Adverse event/intercurrent
  illness 6
- Pregnancy 0
- Noncompliance 0
- Investigator decision 1
- Withdrawal of consent 11
- Lost to follow-up 0
- Lack of ef�cacy/worsening
  disease 9
- Patient choice to discontinue
  dosing 9

Discontinued (n = 32)
- Adverse event/intercurrent
  illness 3
- Pregnancy 1
- Noncompliance 1
- Investigator decision 0
- Withdrawal of consent 6
- Lost to follow-up 1
- Lack of ef�cacy/worsening
  disease 10
- Patient choice to discontinue
  dosing 10 

Discontinued (n = 99)
- Adverse event/intercurrent
  illness 14
- Pregnancy 1
- Noncompliance 2
- Investigator decision 2
- Withdrawal of consent 26
- Lost to follow-up 2
- Lack of ef�cacy/worsening
  disease 26
- Patient choice to discontinue
  dosing 26

Did not roll over to phase 3
study (n = 6)*

Ozanimod HCl 0.5 mg
n = 56

Ozanimod HCl 1.0 mg
n = 59

Total
n = 170

Treatment assignment
at baseline

Figure 2. Patient disposition. *In 2019, the sponsor made the decision to close the phase 2 TOUCHSTONE study after all active patients had completed at least 
4 years [200 weeks] of follow-up.

Table 2. Patient demographics and baseline characteristics  
[ITT population]

Characteristic Total, N = 170

Sex, n [%]
 Female 72 [42.4]
 Male 98 [57.6]
Age [years], mean [SD] 40.4 [11.76]
Race, n [%]
 White 157 [92.4]
 Black 3 [1.8]
 Other 10 [5.9]
BMI [kg/m2], mean [SD] 25.0 [4.96]
Years since UC diagnosis, mean [SD] 5.9 [5.29]
Prior anti-TNF treatment, n [%]
 Yes 31 [18.2]
 No 139 [81.8]
Partial Mayo score at OLE baseline, median [range] 6.0 [3–9]
Total Mayo score at OLE baseline, median [range] 8.0 [5–12]

BMI, body mass index; ITT, intent to treat; OLE, open-label extension; SD, 
standard deviation; SEM, standard error of the mean; TNF, tumour necrosis 
factor; UC, ulcerative colitis.
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with up to 4 years of OLE treatment in patients with moderate-to-
severe UC. Patient retention rates over this long-term study were high. 
Remission and response rates based on endoscopic and histological 
measures using observed-case and NRI analyses, including clinical re-
mission [four- and three-component Mayo], clinical response [four- 
and three-component Mayo], histological remission and endoscopic 

improvement, were achieved by a considerable proportion of patients 
by OLE week 56 and the observed case analysis shows that improve-
ments were generally maintained to week 104. Using the more con-
servative NRI analysis, 71.2% and 54.7% of patients achieved partial 
Mayo clinical response and remission, respectively, by OLE week 56, 
and 41.2% and 36.5% of patients maintained these benefits through 
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Figure 3. Absolute mean [SEM] partial Mayo [A] and four-component Mayo [B] scores over time during OLE [observed cases analysis]. BL, baseline; DB, double-
blind; OLE, open-label extension; SEM, standard error of the mean.

10
C D

9
8
7
6

St
oo

l f
re

qu
en

cy
 s

ub
sc

or
e

(%
 o

f 
pa

ti
en

ts
)

5
4
3
2
1
0

DB
baseline

10
9
8
7
6
5
4
3
2
1
0

10
86.4

66.4

90.7

72.9

88.6

71.2

54.7 57.1

45.9 45.9

37.1
41.2

36.5

93.3

82.7

71.6

A B

Pa
rt

ia
l M

ay
o 

cl
in

ic
al

 r
em

is
si

on
 o

r
re

sp
on

se
, %

 o
f 

pa
ti

en
ts

 (
ob

se
rv

ed
)

Pa
rt

ia
l M

ay
o 

cl
in

ic
al

 r
em

is
si

on
 o

r
re

sp
on

se
, %

 o
f 

pa
ti

en
ts

 (
N

R
I)

9
8
7
6
5
4
3
2

Week 56 Week 104 Week 152 Week 200 Week 56 Week 104 Week 152 Week 200

1
0

10
9
8
7
6
5
4
3
2
1
0

W
ee

k 
4

W
ee

k 
8

W
ee

k 
20

W
ee

k 
32

W
ee

k 
44

W
ee

k 
56

W
ee

k 
68

W
ee

k 
80

W
ee

k 
92

W
ee

k 
10

4

W
ee

k 
11

6

W
ee

k 
12

8

W
ee

k 
14

0

W
ee

k 
15

2

W
ee

k 
16

4

W
ee

k 
17

6

W
ee

k 
18

8

W
ee

k 
20

0

9
8
7
6

R
ec

ta
l b

le
ed

in
g 

su
bs

co
re

(%
 o

f 
pa

ti
en

ts
)

5
4
3
2
1
0

DB
baseline

1010
9
8
7
6
5
4
3
2
1
0

W
ee

k 
4

W
ee

k 
8

W
ee

k 
20

W
ee

k 
32

W
ee

k 
44

W
ee

k 
56

W
ee

k 
68

W
ee

k 
80

W
ee

k 
92

W
ee

k 
10

4

W
ee

k 
11

6

W
ee

k 
12

8

W
ee

k 
14

0

W
ee

k 
15

2

W
ee

k 
16

4

W
ee

k 
17

6

W
ee

k 
18

8

W
ee

k 
20

0DB
baseline

DB BL 4 8 20 32 44 56 68 80 92 104 116 128 140 152 164 176 188

163 160 148 141 130 117 112 105 100 94 92 88 87 78 78 75 74

200

71170

Week

Total observed
cases, n

DB BL 4 8 20 32 44 56 68 80 92 104 116 128 140 152 164 176 188

163 160 148 141 130 117 112 105 100 94 92 88 87 78 78 75 74

200

71170

Week

Total observed
cases, n

Subscore of 0 or 1Subscore of 0 Subscore of 0 or 1Subscore of 0

Clinical response Clinical remission Clinical response Clinical remission

Clinical
response, n/N

Clinical
remission, n/N

121/140

93/140

97/107

78/107

78/88

63/88

70/75

62/75

Clinical
response, n/N

Clinical
remission, n/N

121/170

93/170

97/170

78/170

78/170

63/170

70/170

62/170

Figure 4. Percentages of patients with partial Mayo clinical response or remission based on observed cases [A] or based on NRI [B], patients with a Mayo stool 
frequency subscore of 0 or a subscore of 0 or 1 [observed cases] [C], and patients with a Mayo rectal bleeding subscore of 0 or a subscore of 0 or 1 [observed 
cases] [D] in the OLE phase. BL, baseline; DB, double-blind; NRI, non-responder imputation; OLE, open-label extension.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/15/7/1120/6092404 by guest on 10 April 2024



1126 W. J. Sandborn et al.

D

A

82.7 81.6

39.5 41.4

0

10

20

30

40

50

60

70

80

90

100

Week 56 Week 104

Clincal Response Clinical Remission

74.1 72.4

44.4
36.8

0

10

20

30

40

50

60

70

80

90

100

Week 56 Week 104

Clinical Response Clinical Remission

Total 
observed
cases, n

Total
observed
cases, n

81 87
Total 
observed
cases, n

81 87

B

C

467 84 10 78 86 16 11 NRI, n=170 NRI, n=170

18.2 17.6
22.9 23.5

5.9 9.4
2.4

6.5

0

10

20

30

40

50

60

70

80

90

100

Week 56 Week 104

46.3
38.5

46.4 46.5

11.9
18.6

6.5
14.1

0

10

20

30

40

50

60

70

80

90

100

Week 56 Week 104

Histologic Remission Endoscopic Improvement

Endoscopic Remission Mucosal Healing

Histologic Remission Endoscopic Improvement

Endoscopic Remission Mucosal Healing

Fo
ur

-c
om

po
ne

nt
 M

ay
o 

cl
in

ic
al

re
sp

on
se

 o
r 

re
m

is
si

on
, %

T
hr

ee
-c

om
po

ne
nt

 M
ay

o 
cl

in
ic

al
re

sp
on

se
 o

r 
re

m
is

si
on

, %

%
 o

f 
Pa

ti
en

ts
 (

O
C

)
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Figure 6. Median C-reactive protein concentrations over time [A] and faecal calprotectin levels at baseline and week 8 and end of the study [B] based on 
observed cases in the OLE phase. OLE, open-label extension.
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OLE week 200. In addition, biomarker data support the clinical find-
ings, as decreases in CRP and FCP were noted from baseline to week 
8, similar to the outcomes observed for SFS or RBS; decreases in CRP 
values were also maintained through week 200.

In the induction and maintenance phases of the TOUCHSTONE 
study, rates of clinical and histological remission with ozanimod HCl 
1 mg daily were higher at week 32 than at week 8.28 The current 
results expand on this with remission and response rates that were 
high throughout the OLE portion of the study, suggesting that the 
long-term treatment of 1 mg daily ozanimod HCl provides continued 
clinical and histological benefit in UC. Moreover, the percentages of 
patients reporting normal [SFS of 0] or near-normal stool frequency 
[SFS of 0 or 1] and no or limited rectal bleeding [RBS of 0, or ‘0 
or 1’] increased from double-blind study baseline to OLE week 4, 
with a high proportion of patients having improved symptoms con-
tinuing through week 200. Similarly, mean partial and total Mayo 
scores  decreased from study baseline at OLE entry and continued to 
decrease through the observed OLE time points [OLE week 200 for 
pMS and OLE week 104 for total Mayo score].

Endoscopic improvement may be an important treatment target 
for UC, and endoscopically determined improvement in mucosal 
appearance has been associated with more favourable long-term 
outcomes in patients with UC.30 Accumulating evidence also indi-
cates that histological healing is an important indicator of mucosal 
recovery and is associated with improved disease outcomes.31,32 In 
this study, rates of endoscopic improvement and histological remis-
sion at OLE week 56 [46.4% and 46.3%, respectively] represented a 
substantial increase over those reported at week 32 in the induction 

period of the trial [33% and 31%, respectively].28 These improve-
ments were maintained to OLE week 104 [the last assessment time 
point with sufficient patient numbers for analysis], and mirror the 
reported sustained improvements in clinical symptoms of disease as 
measured by pMS. In a preliminary analysis of data from the 170 
 patients who entered the OLE, patients in histological remission 
upon entry into the OLE [n = 46] were four times more likely to be 
in clinical remission at OLE weeks 44 and 80, underlining the po-
tential importance of histopathology as a treatment target in UC.29

The biomarkers CRP and FCP may be useful measures in the 
follow-up of patients with UC, and levels are related to disease out-
comes.33 In the present study, both CRP and FCP levels reflected 
clinical and histological findings. CRP levels decreased quickly after 
ozanimod initiation and remained low throughout the remainder 
of the study. FCP levels also decreased from pretreatment to week 
8 and remained low at the end of study assessment. These data 
provide an additional confirmatory measure of long-term improve-
ments with continued ozanimod treatment and suggest the effects 
of ozanimod are mediated through reducing the pro-inflammatory 
response.

Long-term treatment with ozanimod was well tolerated, and 
the results build on the efficacy findings in the induction and main-
tenance phases. Consistent with the core study, the dose escalation 
during the initiation of ozanimod therapy successfully mitigated 
the risk of bradycardia, which also reflects the recent approval of 
ozanimod for MS in both the USA and the EU, where first-dose 
monitoring is not required for all patients initiating ozanimod.23,24 
There was no signal that long-term use of ozanimod increased the 
risks of clinically significant infections [including opportunistic in-
fections], bradyarrhythmia, hepatic or pulmonary dysfunction, 
macular oedema, or malignancy. Because S1P1 modulation reduces 
lymphocyte migration from lymphoid organs, a decrease in periph-
eral lymphocyte count is an expected pharmacodynamic effect of 
ozanimod treatment. In this study, a decreased lymphocyte count 
was reported as a treatment-related adverse event in nine patients, 
but there were no instances of serious or opportunistic infections 
associated with these events. During the OLE period, only 10% of 
patients discontinued because of a TEAE.

Of 170 patients enrolled in the OLE, 71 [42%] remained 
in the study and received ozanimod for at least 3.8  years. The  
annual discontinuation rate of 15–28% during the OLE period 
of TOUCHSTONE compares favourably with real-world discon-
tinuation rates with approved therapies for UC. One retrospective 
database study of TNF inhibitor use reported 12-month discon-
tinuation rates with adalimumab and infliximab of 52% and 45%, 
respectively.34

Limitations of the current study should be considered. The OLE 
population included patients who had initially received either  placebo 
or two different doses of ozanimod. Data for endoscopy-based out-
comes such as remission or response based on the three- or four-
component Mayo score, endoscopic improvement and histological 
remission were limited after week 104 of OLE treatment. Moreover, 
endoscopic assessments were only able to be analysed in observed 
cases, and the results demonstrated that response and remission rates 
by four- or three-component Mayo scores were lower than those 
by pMS, suggesting a potential selection bias for more symptomatic  
patients who agreed to an endoscopy. As this was a long-term  
clinical study, premature discontinuations resulted in incomplete  
patient data; in this analysis, patients with missing data were  
imputed as non-responders. Data were not collected to allow  
assessment of steroid-free remission or steroid use/tapering over time 

Table 3. Overview of adverse events during the OLE period

Total [N = 170]

Mean person-years of exposure [SD] 2.8 [1.85]
 Total person-years of exposure 478.7
TEAEs in ≥ 5% of patients in any group, n [%]
 Ulcerative colitis 11 [6.5]
 Hypertension 10 [5.9]
 Upper respiratory tract infection 10 [5.9]
 Gamma-glutamyltransferase increased 9 [5.3]
 Anaemia 8 [4.7]
 Back pain 7 [4.1]
 Nasopharyngitis 7 [4.1]
 Headache 7 [4.1]
 Alanine aminotransferase increased 6 [3.5]
 Lymphocyte count decreased 6 [3.5]
 Bronchitis 4 [2.4]
 Viral respiratory tract infection 4 [2.4]
SAEs in > 1 patient, n [%]*
 Ulcerative colitis 6 [3.5]
 Anaemia 2 [1.2]
 Ischaemic stroke 2 [1.2]

OLE, open-label extension; SAE, serious adverse event; SD, standard devi-
ation; TEAE, treatment-emergent adverse event.

*The following SAEs occurred in one patient each: acute coronary syn-
drome, adenocarcinoma, ascites, autoimmune haemolytic anaemia, basal 
cell carcinoma, colitis, colon adenoma, dehydration, erysipelas, haemolytic 
anaemia, hypochromic anaemia, hyperbilirubinaemia, idiopathic pulmonary 
fibrosis, inguinal hernia, interstitial lung disease, intestinal obstruction, jaun-
dice, joint dislocation, nephrolithiasis, pleurisy, pneumonia, pneumococcal 
pneumonia, prostate cancer, pulmonary bulla, pulmonary microemboli, 
rheumatoid arthritis, schizophrenia, spinal column stenosis, spontaneous 
abortion, umbilical hernia, viral gastroenteritis, wrist fracture.
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during the OLE. In addition, FCP assessments were limited beyond 
OLE week 8, precluding assessment of the kinetics of FCP over the 
200-week period. Finally, there was no placebo group with which to 
compare safety data.

5.  Conclusion

Data from the OLE period of the randomized, placebo-controlled, 
phase 2 TOUCHSTONE study support a favourable benefit–risk 
profile of ozanimod HCl 1 mg daily in patients with moderately to 
severely active UC, and resulted in a high rate of continued study 
participation. Consistent efficacy outcomes across clinical, endo-
scopic, histological and biomarker measures suggest that long-term 
use of ozanimod may reduce inflammation and lead to histological 
and endoscopic disease remission, manifested as sustained im-
provement in clinical symptoms of disease. No new safety signals 
were identified with ≥ 4 years of follow-up. The efficacy and safety 
of oral ozanimod HCl 1 mg daily are being further characterized 
in a randomized, placebo-controlled phase 3 study [True North, 
clinicaltrials.gov identifier: NCT02435992].
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