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Abstract
Background and Aims: KRP203 is a potent oral agonist of 
the sphingosine-1-phosphate receptor subtype 1 that in-
duces the sequestration of peripheral lymphocytes, thereby 
potentially reducing the number of activated lymphocytes 
circulating to the gastrointestinal tract. Methods: We con-
ducted a multicentre, double-blind, placebo-controlled, par-
allel-group, proof-of-concept study to evaluate the efficacy, 
safety, and tolerability of KRP203 in patients with moderate-
ly active 5-aminosalicylate-refractory ulcerative colitis (UC). 
Patients were randomly assigned to receive 1.2 mg KRP203 
or placebo daily for 8 weeks. Primary efficacy variable was 
clinical remission, defined as partial Mayo Score 0–1 and 
modified Baron Score 0–1 with rectal bleeding subscore 0. 
Results: KRP203 was safe and well tolerated overall. The 
most common adverse events (AEs) were gastrointestinal 

disorders and headache. Importantly, no KRP203-related 
cardiac AEs were reported. Total peripheral lymphocytes 
and selectively affected lymphocyte subtypes decreased, 
causing marked decreases in naive and central memory 
CD4+ and CD8+ T cells, and also in B cells. Clinical remission 
occurred in 2/14 (14%) patients under KRP203, compared 
with 0/8 (0%) under placebo. Conclusions: Overall, KRP203 
was safe and well tolerated by patients with UC. Importantly, 
no cardiac AEs were reported. Although KRP203 did not 
meet the minimum clinically relevant threshold for efficacy, 
the results may suggest that KRP203 treatment is superior to 
placebo. However, in this small study population, the differ-
ence was insignificant. Based on these data, studies with an 
improved design and a larger population should be consid-
ered. © 2020 The Author(s)
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Introduction

Ulcerative colitis (UC) is a chronic immune-mediated 
disorder that involves inflammation and ulceration in the 
gastrointestinal tract, resulting in diarrhoea, abdominal 
pain, and rectal bleeding. Conventional oral immuno-
modulators (e.g., thiopurines and methotrexate) are 
commonly used to treat patients with UC but are limited 
in efficacy and often have a delayed-onset action, while 
biologics (e.g., anti-tumour necrosis factor [anti-TNF] 
antibodies) can be effective but are associated with seri-
ous adverse reactions including opportunistic infections 
and lymphoma. Thus, there is a substantial unmet medi-
cal need for oral therapies of UC, which are highly effec-
tive, safe, and well tolerated.

The recirculation and infiltration (homing) of autore-
active lymphocytes into the gut mucosa (lamina propria) 
is involved in the pathogenesis of inflammatory bowel 
disease. Lymphocyte trafficking has therefore been iden-
tified as a rational target to ameliorate these immuno-
pathologic processes. Studies of monoclonal antibodies 
directed toward adhesion molecules have previously 
shown that the interruption of lymphocyte trafficking is 
an effective therapeutic approach for patients with UC. 
The use of orally administered small molecules as alterna-
tives to injectable monoclonal antibodies for the treat-
ment of UC would avoid sensitisation and the formation 
of antidrug antibodies and could thus potentially elimi-
nate one of the most important reasons for treatment fail-
ure with monoclonal antibodies.

The sphingosine-1-phosphate (S1P) subtype 1 (S1P1) 
receptor is a member of a family of 5 receptors (S1P1–
S1P5) responsible for regulating basic cellular and mul-
tiple immunologic and cardiovascular effects [1, 2]. Cell 
surface-associated S1P1 receptor plays a crucial role in 
the trafficking of lymphocytes from lymphoid organs [3]. 
S1P1 receptor agonists induce internalisation and degra-
dation of the S1P1 receptor, rendering B and T lympho-
cytes incapable of emigrating from secondary lymphoid 
organs, which leads to a reversible reduction in circulat-
ing lymphocytes in the blood [2].

Fingolimod, a non-selective S1P receptor modulator, 
has been approved for the treatment of relapsing multiple 
sclerosis but has a number of safety issues including car-
diovascular events (e.g., bradycardia, conduction abnor-
malities, and hypertension), macular oedema, and elevat-
ed liver transaminases [4]. Most recently, ozanimod, a 
selective and potent partial agonist of S1P1R and S1P5R, 
has been demonstrated to have a promising safety and ef-
ficacy profile [5].

KRP203 (2-amino-2-1,3-propanediol hydrochloride) 
is a synthetic, second generation oral S1P receptor modu-
lator discovered and synthesised by Kyorin Pharmaceuti-
cal Co., Japan. KRP203 is a prodrug, which is phosphory-
lated in vivo by the sphingosine kinase 2. The (+)enantio-
mer of the phosphate metabolite, (+)KRP203 phosphate, 
is the active entity and targets the S1P1 receptor. KRP203 
displays only partial agonism at the human S1P3 recep-
tor, hereby supposedly reducing the risk of bradycardia 
[6].

In preclinical models of transplantation [7, 8] and IL-
10-knockout mouse colitis [9], orally administered 
KRP203 led to the sequestration of lymphocytes into sec-
ondary lymphoid organs and reduced lymphocyte counts 
in the blood, but also, more importantly, in the intestine. 
Due to this major inhibitory effect on lymphocyte recruit-
ment, oral KRP203 may have beneficial effects in patients 
with UC. Subsequently, a reversible and dose-dependent 
reduction of blood lymphocyte (absolute lymphocyte 
count [ALC]) levels was demonstrated in phase I clinical 
trials (Novartis, unpublished). This is believed to be 
caused by functional antagonism at the S1P1 receptor on 
lymphocytes such as T and B cells, due to persistent li-
gand-induced internalisation of the S1P1 receptor [10].

The novel, oral immunomodulator KRP203 may rep-
resent an alternative to the current second- or third-line 
treatments in UC. The purpose of this study was to char-
acterise the safety, pharmacokinetics (PK), pharmacody-
namics (PD), and efficacy of KRP203 for induction of re-
mission in patients with moderately active UC.

Patients and Methods

This phase IIa, randomised, double-blind, placebo-controlled, 
parallel-group study was designed to evaluate the efficacy, safety, 
and tolerability of KRP203 in patients with moderately active UC. 
Study participants were recruited from November 2010 to August 
2012 from 9 centres in Belgium, Switzerland, Hungary, Sweden, 
and Germany. The protocol was approved by the Ethics Commit-
tee of the Ärztekammer Nordrhein and the institutional review 
board responsible for each centre. The trial was conducted in ac-
cordance with the Declaration of Helsinki and the ethical princi-
ples of Good Clinical Practice according to the International Con-
ference on Harmonization (ICH) Harmonized Tripartite Guide-
line. The trial is registered at Clinicaltrials.gov (identifier 
2010-019970-33). All patients were personally informed about all 
aspects of the trial including possible risks of treatment and pro-
vided written informed consent prior to screening.

Patients were enrolled and randomly assigned to KRP203 (with 
dose titration as described below) or identical placebo at a 2:1 ratio, 
stratified according to steroid treatment at baseline (yes/no). Each 
patient underwent a screening period of up to 28 days (day-35 to 
day-8, Visit 1), during which a full physical examination was per-
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formed, vital signs (Fig. 1) were recorded, and relevant medical 
history and concomitant medication were documented. At the 
baseline visit (day-7 to day-1 ± 1, Visit 2), sigmoidoscopy with bi-
opsy collection and all other required laboratory and safety evalu-
ations including lung function and optical examinations (visual 
acuity, ophthalmoscopy, and optical coherence tomography) were 
performed. In addition, at Visits 1 and 2, pregnancy testing was 
performed in females of childbearing age. Randomisation and 
treatment initiation with PK sampling were performed at Visit 3 
(day 1). Study medication was administered thereafter orally once 
daily, preferably with a light breakfast, before 12:00 noon at the 
latest. Patients returned to the study centre before taking their 
morning dose on day 7 ± 1 (Visit 4), day 15 ± 1 (Visit 5), day 28 ± 
3 (Visit 6), and day 56 ± 3 (Visit 7) for study assessments. The pri-
mary end point was clinical remission at the week 8 visit (Visit 7).

Approximately 72 patients were intended to be randomised 
into the study, and after 30 patients had completed the 8-week 
treatment period with KRP203 or placebo, an interim analysis (IA) 
was to be performed to determine the preliminary efficacy. The 
investigator was blinded to certain assessments (mentioned below) 
to avoid potential bias based upon insight regarding active versus 
placebo treatment. A separate co-investigator or designee re-
viewed ALC, electrocardiograms, and mobile cardiac output te-
lemetry, performed from baseline (day-1) to day 12 ± 1. Patients 
were allowed to continue to take 5-aminosalicylates (5-ASAs) and 
oral corticosteroids (maximum 40 mg/day prednisone or equiva-
lent) at the dosage administered at baseline, as per standard medi-
cal practice. After 2 weeks of treatment (Visit 5), if deemed neces-
sary by the primary investigator, corticosteroid dose tapering was 
permitted.

Concomitant treatment with intravenous or rectal steroids, 
5-ASA rectal suppositories, class III antiarrhythmic drugs or insu-
lin for treatment of diabetes, or any biologic (e.g., anti-TNF) or 
immunosuppressive (e.g., azathioprine, 6-mercaptopurine, and 
methotrexate) drug during the study was not permitted. Adminis-
tration of acetaminophen was allowed (online suppl. 1; for all on-
line suppl. material, see www.karger.com/doi/10.1159/000509393).

Patients
The study population comprised patients with clinically active 

UC who had shown inadequate response to conventional therapy 
with oral 5-ASA prior to screening. Male and female patients 18–
65 years of age with active disease, as indicated by a partial Mayo 
Score of 5–9, with a score of at least 2 for either stool frequency or 
rectal bleeding and a modified Baron Score of at least 2 upon en-
doscopic examination, and with disease extending at least 25 cm 
from the anal verge, were enrolled. Baron scores were evaluated 
locally by the investigator on the basis of the screening endoscopy. 
Patients were allowed to continue concomitant therapy with 
5-ASAs and/or oral corticosteroids (max 40 mg/day prednisone or 
equivalent) during the study. For study inclusion/exclusion crite-
ria, see online Suppl. 1.

Study Drug
Dosage of KRP203, ranging from 0.3 to 1.2 mg/day, was derived 

from the results of the CKRP-203A2101 and CKRP-203A2102 
studies. The starting dose was 0.3 mg/day, a dosage that had been 
found to have no, or only a minimal, PD effect inducing bradycar-
dia and decrease of ALC. The therapeutic dose was projected to be 
1.2 mg/day, associated with an ALC reduction of ∼75% after 2 

weeks of treatment. The present study used a 12-day dose titration 
scheme employing doses of 0.3 mg/day (days 1–4), 0.6 mg/day 
(days 5–8), and 0.9 mg/day (days 9–12). Study drug (KRP203 0.1, 
0.4, and 1 mg) and matching placebo capsules were prepared by 
Novartis and supplied in bottles by Novartis Drug Supply Manage-
ment to the investigator as semi-bulk medication.

Serial blood samples were collected from subjects for measure-
ment of ALC and assessment of changes from baseline. Blood sam-
ples were collected at baseline (−24, −22, −20, −18, -16, −12, and 
−8 h and immediately predose), on day 1 (2, 4, 6, 8, 12, and 16 h 
postdose), and on day 2 (at 24 and 36 h postdose).

Efficacy Assessment
The following efficacy assessments were performed: partial 

Mayo Score, modified Baron Score as evaluated locally by the in-
vestigator on the basis of sigmoidoscopy, faecal calprotectin, 
erythrocyte sedimentation rate, C-reactive protein (CRP), and 
ALC. Changes in ALC from baseline were calculated and displayed 
graphically according to time point and treatment group. The 
course of the partial Mayo and modified Baron scores over time 
was also recorded and displayed according to treatment group.

The primary efficacy variable, clinical remission, was defined 
as a partial Mayo Score of 0 or 1 and a modified Baron Score of 
0 or 1 with no macroscopic bleeding (partial Mayo subscore of 
0 for rectal bleeding). The Baron Score, first described in 1964 
[11], is an endoscopic index of mucosal healing that is based on 
visual assessment of the bowel mucosa during endoscopy, on a 
scale ranging from 0 to 4, where 0 denotes normal mucosa, 1 
granular mucosa with an abnormal vascular pattern, 2 friable 
mucosa, 3 microulceration with spontaneous bleeding, and 4 
gross ulceration.

The change from baseline in the partial Mayo (clinical activity) 
score at week 8 was considered a key secondary end point. Partial 
response was defined as a reduction of at least 3 points in the partial 
Mayo score from baseline to week 8. Reduction in corticosteroid 
dose after 2 weeks was considered another secondary end point.

Safety Assessments
Safety assessments included all adverse events (AEs) and severe 

adverse events (SAEs), which were recorded along with their sever-
ity and relationship to study drug, as assessed by the investigator. 
Pregnancies and their outcomes were also documented. Labora-
tory assessments were evaluated at a central laboratory routinely 

Up-
titration KRP203

Placebo

R
2:1

W–4 W1

Baseline PoC EOS
W8

Safety follow-upPBO controlled PoC phaseScreening

Fig. 1. Trial schematics. PBO, placebo; PoC, point of care, R, ran-
domisation; W, week.
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including haematology, blood chemistry, stool tests, and urine 
panel, while vital signs, clinical symptoms, and body weight were 
regularly assessed and documented at the study visits. Other safety 
assessments were serology testing, mobile cardiac output teleme-
try, electrocardiograms, ophthalmic examination, and pregnancy 
status.

Detailed information concerning the AEs was tabulated ac-
cording to the treatment group and patient. The number of AEs 
and the percentage of patients in whom they occurred were classi-
fied according to the affected system organ class (SOC) and pre-
ferred terminology, and stratified according to the treatment 
group. A patient with multiple AEs within a specific SOC was 
counted only once toward the total of this SOC. Individual patients 
were withdrawn in case of clinically significant abnormal labora-
tory values, for example, lymphocyte count below 200 cells/µL or 
200 cells/mm3 in 2 consecutive measurements, Mobitz type II 
atrioventricular (AV) block, or bradycardia <40 bpm.

Statistical Analysis
Demographic characteristics and disease characteristics at 

baseline were summarised using descriptive statistics. An IA was 
to be performed after 30 patients had completed 8 weeks of treat-
ment with KRP203 or placebo to identify whether dual efficacy 
criteria had been met. The dual efficacy criteria were designed 
to take into account both observed effect size and evidence for 
superiority against placebo [12]. Study continuation was to de-
pend on an IA showing 20% superiority of KRP203 over placebo. 
Bayesian posterior probabilities were calculated for 2 hypotheses 
of interest: H0, no effect and H1, minimal relevant effect. H0 
corresponded to a remission rate under KRP203 not greater than 
that under placebo, while H1 corresponded to a remission rate 
at least 20 percentage points superior to that detected under pla-
cebo.

The study was to be considered a positive sign for efficacy if the 
posterior probability against H0 were 95% or more and the poste-
rior probability in favour of H1 at least 50% in the IA or at study 
completion. The prior probability distribution for placebo drew 
information worth 20 patients from previous studies in a compa-
rable patient population [13–15]. The historical placebo clinical 
remission rate was estimated to be 12%, making a prior Beta dis-
tribution of (2.4, 17.6). For the KRP203 prior distribution, a “flat” 
non-informative probability distribution was assumed (Beta (1, 
1)). The overall information from this unevenly randomised trial 
together with these prior distributions was balanced between the 
2 treatment groups.

The sample size of 60 complete patient data sets was deter-
mined based on historical data to allow for a robust comparison 
between H0 and H1. Simulations showed the probability of meet-
ing the above criteria under H0 at the IA or (if the trial continued) 
at final analysis to be below 5%. The probability of meeting these 
efficacy criteria at the IA or (if the trial continued) at final analysis 
was determined to be approximately 65, 92, or 100%, assuming a 
true difference in remission probabilities of 20, 30, or 50% points, 
respectively, and a probability of true placebo remission of 12%, in 
line with historical data.

Tolerability was assessed on the basis of the number and per-
centage of patients who failed to complete the study, and the num-
ber of patients who failed to complete the study due to AEs. All 
patients who completed at least 28 days of treatment (i.e., visit 6) 
were included in the primary efficacy analysis. Patients who dis-

continued after at least 28 days of treatment due to lack of efficacy 
were considered non-responders.

Data were collected by a contract research organisation (Pharma-
ceutical Product Development) and analysed by the sponsor. The 
sponsor and the steering committee interpreted the data jointly.

Results

Patient Disposition and Baseline Characteristics
Approximately 72 patients were intended to be ran-

domised in the study, and a preliminary efficacy analysis 
was planned after 30 patients had completed the 8-week 
treatment period with 1.2 mg KRP203 or placebo. Twen-
ty-seven patients were randomised and stratified accord-
ing to baseline corticosteroid intake (yes/no). A total of 
22 patients who received >28 days therapy were evaluable 
for the efficacy analysis (Fig. 2). A total of 12 patients dis-
continued the study prematurely (7 out of 17 in the 
KRP203 group, 5 out of 10 in the placebo group) mostly 
due to inadequate therapeutic response (5 KRP203, 4 pla-
cebo). All 27 patients were included in the safety and PD 
analysis set. The overall mean age of the 27 enrolled pa-
tients was 37 years (range: 19–65 years). Fifteen (55.6%) 
males and 12 (44.4%) females were enrolled, with a mean 
height of 170.5 cm (range: 155–182 cm), a mean weight 
of 70.26 kg (range: 49–102.9 kg), and a mean BMI of 24.15 
kg/m2 (range: 17.7–37.6 kg/m2). Other baseline charac-
teristics are summarised in Table 1. At baseline, the mean 
partial Mayo Score was 7.7 in the KRP203 group and 8.0 
in the placebo group. The mean modified Baron Score 
was 3.1 in the active group and 2.8 in the placebo group, 
indicating that disease severity at baseline was compara-
ble for the 2 cohorts.

Safety Analysis
No clinically significant changes were observed in 

body weight, temperature, blood pressure, or pulse rate 
during the course of the study. Of the 27 patients enrolled, 
24 (88.9%) experienced at least one AE. In patients ex-
posed to both KRP203 and placebo, gastrointestinal (GI) 
disorders were identified as the most commonly affected 
SOC, with an overall incidence of 40.7%. This was fol-
lowed by nervous system disorders (25.9%), general dis-
orders and administration site conditions (22.2%), and 
musculoskeletal and connective tissue disorders (22.2%). 
In the KRP203 group, there was a higher incidence of 
general disorders and administration site conditions 
(29.4 vs. 10.0% in the placebo group) and a slightly high-
er rate of infections (23.5 vs. 10% in the placebo group). 
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However, these differences are based on small numbers 
of patients (5 or less). The summary of AEs is presented 
in Table 2. While headache (23.5%) was the most com-
monly reported individual AE in patients receiving treat-
ment with KRP203, headache (20%) and diarrhoea (20%) 
were the most commonly reported individual AEs in the 
placebo group. Overall, the reported AEs were evenly dis-
tributed in frequency in both treatment groups. One fe-
male patient discontinued study participation due to lym-
phopenia (abnormal laboratory values) on day 14, sus-
pected to be related to KRP203. The event resolved. Three 
patients were reported to have experienced eye-related 
AEs of conjunctival and ocular hyperaemia. These events 
also resolved.

In total, 7 SAEs were reported during the study. Two 
of these occurred in 2 patients in the KRP203 treatment 
group: infectious diarrhoea requiring hospitalisation was 
reported in a 22-year-old Caucasian female, reported as 
moderate in intensity and adjudged by the investigator to 
be possibly related to the study drug. The study drug was 
interrupted for 10 days and the event resolved without 

sequelae. In the second case, severe osteoarthritis was re-
ported in a 57-year-old Caucasian male with a history of 
arthrosis and osteoporosis. The SAE resolved after sur-
gery, without treatment interruption, and the event was 
adjudged by the investigator to be not related to the study 
drug.

The remaining 5 SAEs were reported in 2 patients in 
the placebo arm: in a 20-year-old female patient of colour, 
severe haemorrhagic diarrhoea or severe diarrhoea was 
reported at total of 4 times as separate SAEs requiring 
hospitalisation. The remaining SAE was a diagnosis of 
vena cava thrombosis in a 28-year-old Caucasian female, 
requiring hospitalisation and ongoing at the time of dis-
continuation.

In total, 3 patients discontinued study participation 
due to AEs: 2 patients in the KRP203 group with AEs sus-
pected to be related to the study medication and 1 patient 
in the placebo group. Importantly, no cases of macular 
oedema were observed during the trial. In addition, the 
frequency of bradycardia or other cardiac abnormalities 
was no higher in the KRP203 than in the placebo group, 

Randomised (2:1 ratio)
n = 27

15 male; 12 female

KRP203
n = 17

11 male; 6 female

Placebo
n = 10

4 male; 6 female
Early

termination
n = 8 

Lack of response n = 5
Adverse event n = 2

Withdrew consent n = 1

Early
termination

n = 5 

Lack of response n = 4
Adverse event n = 1Study completion

Week 8
n = 5 

Study completion
Week 8
n = 9 

n = 14
Treatment response8/14

Remission 2/14 

n = 8
Treatment response3/8

Remission 0/8

Primary efficacy analysis
n = 22

(Patients who received
>28 days therapy) 

Fig. 2. Flow chart of study participants. For early terminations, the number of patients terminated due to lack of 
response, adverse events, or withdrawal of consent, respectively, is shown.
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as detected by a mobile real-time monitoring device used 
during the titration period from day 1 to 12 (Fig. 1).

Efficacy Analysis
The primary efficacy variable was based on clinical re-

mission, defined as a partial Mayo Score of 0 or 1 and a 
modified Baron Score of 0 or 1 with subscore of 0 for rec-
tal bleeding. All patients who completed at least 28 days 
of treatment (i.e., visit 6) were included in the efficacy 
analysis. Patients who discontinued after at least 28 days 
of treatment due to lack of efficacy were considered non-
responders. A total of 14 KRP203-treated patients and 8 
placebo-treated patients qualified for the primary efficacy 
analysis. At week 8, clinical remission occurred in 2 of 14 
patients (14%) treated with 1.2 mg KRP203 as compared 
with 0 of 8 (0%) who received placebo. With a 17.5% 

probability in favour of H1 and 83.7% probability of re-
jecting H0, the primary end point of the study was not 
reached. The criteria for reaching the primary end point 
required a probability of at least 50% in favour of H1 (20 
percentage points more responders in the active group 
than in the placebo group) and 95% probability against 
H0 (difference between active and placebo >0). The re-
sults may suggest that KRP203 treatment is superior to 
placebo, but clearly inferior to the minimal clinically rel-
evant threshold of 20% (H1) (Fig. 3), and without statisti-
cal significance. Partial Mayo Scores at baseline, week 8, 
and day 5 are shown in Figure 4.

Mucosal healing was classified using the modified Bar-
on Score at baseline and day 56, with an optional addi-
tional assessment at week 4. Due to the relatively high rate 
of early discontinuation, the results obtained for the mod-

Table 1. Demographic and disease characteristics according to treatment group

KRP203 1.2 mg 
n = 17

Placebo 
n = 10

Total 
n = 27

Age, years
Mean (SD) 40.1 (16.23) 31.7 (8.53) 37.0 (14.29)
Median 37.0 28.5 36.0
Range 19, 65 20, 46 19, 65

Sex, n (%)
Male 11 (64.7) 4 (40.0) 15 (55.6)
Female 6 (35.3) 6 (60.0) 12 (44.4)

BMI, kg/m2

Mean (SD) 23.452 (3.20) 25.34 (5.76) 24.153 (4.3190)
Median 23.301 25.152 23.356
Range 18.90, 31.76 17.75, 37.63 17.75, 37.63

Race, N (%)
Caucasian 16 (94.1) 9 (90.0) 25 (92.6)
Black 1 (10.0) 1 (3.7)
Other 1 (5.9) 1 (3.7)

Partial Mayo Score at baselinea

Mean (SD) 7.7 (1.21) 8.0 (0.94) 7.8 (1.11)
Median 8.0 8.0 8.0
Range [6; 11]b [6; 9] [6; 11]b

Modified Baron Score at baseline
Mean (SD) 3.1 (0.83) 2.8 (0.63) 3.0 (0.76)
Median 3.0 3.0 3.0
Range [2; 4] [2; 4] [2; 4]

Baseline intake of steroids: prednisone equivalent dose at baseline, mg
N (%) 11 (64.7) 6 (60.0) 17 (63.0)
Mean (SD) 16.9 (6.89) 13.8 (13.67) 15.6 (9.82)
Median 15.0 10.0 15.0
Range [5; 27] [3; 40] [3; 40]

a The partial Mayo Score consists of the Mayo score minus the sigmoidoscopy subscore; the partial score 
ranges from 0 to 9, with higher scores indicating more active disease. b Data show 1 patient with a partial Mayo 
Score of 11 at baseline. This appears to be have been an enrolment error (see also Discussion section).
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ified Baron Score after 56 days were derived from only 10 
patients (out of 17 at baseline) in the KRP203 group and 
5 (out of 10 at baseline) in the placebo group. Therefore, 
any conclusions drawn from the endoscopic assessments 
are of limited value.

The mean reduction in corticosteroid dose was anoth-
er key secondary end point. The frequency of steroid dose 
reduction during the study was found to be low, with 3 
patients on KRP203 (17.6%) and 1 patient on placebo 
(10%) reducing their steroid dose (data not shown).

In the KRP203 cohort, a time-dependent decrease in 
ALC was observed, as expected for an S1P1 receptor 
modulator, reaching a nadir ∼2 weeks after treatment ini-
tiation (Fig. 5). In 1 patient, ALC dropped below the safe-
ty threshold of 0.2 × 109/L, as a result of which this indi-
vidual’s study participation was discontinued. Leucocyte 
subsets were also analysed during the study to investigate 
the impact of KRP203 on different cell populations; the 
subsets included T cells, natural killer cells and mono-
cytes, B cells, plasma cells, and dendritic cells. The per-
centage of CD3+ (T cells) in the total leucocyte popula-
tion was observed to be diminished at day 28 compared 
to baseline. CD4+ T cells were more reduced than CD8+ 
T cells. In addition, a decrease in B cells occurred during 
KRP203 treatment (baseline vs. day 28).
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Fig. 3. Efficacy outcomes at week 8 of KRP203 as induction thera-
py. Panel a shows the percentage of patients in clinical remission 
(defined as a partial Mayo Score of 0 or 1 together with a modified 
Baron Score of 0 or 1 with no macroscopic bleeding, i.e., score 0 in 
the “rectal bleeding” dimension of the partial Mayo Score) at week 
8 (the primary outcome). Panel b shows the percentage of patients 
showing a partial response, defined as a reduction of partial Mayo 
Score of at least 3 points from baseline to week 8.

Table 2. AEs overall and frequently affected SOCs

KRP203 1.2 mg 
n = 17, n (%)

Placebo 
n = 10, n (%)

Total 
n = 27, n (%)

Patients with AEs 15 (88.2) 9 (90.0) 24 24 (88.9)

SOC
Gastrointestinal disorders 7 (41.2) 4 (40.0) 11 (40.7)
Nervous system disorders 5 (29.4) 2 (20.0) 7 (25.9)
General disorders and administration site conditions 5 (29.4) 1 (10.0) 6 (22.2)
Musculoskeletal and connective tissue disorders 4 (23.5) 2 (20.0) 6 (22.2)
Infections and infestations 4 (23.5) 1 (10.0) 5 (18.5)
Investigations 0 (0.0) 4 (40.0) 4 (14.8)
Skin and subcutaneous tissue disorders 3 (17.6) 1 (10.0) 4 (14.8)
Eye disorders 2 (11.8) 1 (10.0) 3 (11.1)
Blood and lymphatic system disorders 2 (11.8) 0 (0.0) 2 (7.4)
Respiratory, thoracic, and mediastinal disorders 2 (11.8) 0 (0.0) 2 (7.4)
Vascular disorders 1 (5.9) 1 (10.0) 2 (7.4)
Endocrine disorders 0 (0.0) 1 (10.0) 1 (3.7)
Hepatobiliary disorders 1 (5.9) 0 (0.0) 1 (3.7)
Metabolic and nutrition disorders 0 (0.0) 1 (10.0) 1 (3.7)
Psychiatric disorders 0 (0.0) 1 (10.0) 1 (3.7)
Surgical and medical procedures 1 (5.9) 0 (0.0) 1 (3.7)

AEs, by SOC, are presented in descending order of frequency in both groups together (= “Total”). AEs, adverse 
event; SOC, system organ class. 
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Discussion

The present phase II trial was a placebo-controlled, par-
allel-group, multicentre study evaluating the PK, PD, and 
efficacy of KRP203 in patients with moderately active UC 
and inadequate response to 5-ASA treatment. Therapy 
with KRP203 at a once-daily oral dose of 1.2 mg resulted 
in higher rates of clinical remission at week 8 than were 
observed in patients treated with placebo (14 vs. 0%). Al-
though, at least partly due to the high rate of early termina-
tion, these results are not significant, they appear remark-
ably similar to those of the recently published TOUCH-
STONE trial investigating the efficacy of ozanimod, 
another S1P1 agonist, in a comparable patient population. 
Regrettably, however, substantially different parameters 
were chosen in the TOUCHSTONE trial to define clinical 
remission (total Mayo Score ≤2, with no individual sub-
score >1). Due to this discrepancy, and to the use of a dif-
ferent drug dosage (ozanimod was given at a dose of 1 mg/
day, whereas the current study took a dose of 1.2 mg/day 
KRP203), a direct comparison of the efficacy results of 
both studies is not possible. Compared with the placebo 
cohort, ozanimod at a once-daily oral dose of 1 mg induced 
clinical remission at week 8 in 16% versus 6% of patients 
and clinical response at week 8 in 57% versus 37% [5].

Importantly, the sufficiency of PD effects of KRP203 
at the final daily dose of 1.2 mg is further supported by a 
reduction of the S1P1-typical PD-marker ALC to a level 
of 37% at 8 weeks compared to baseline (in the ozanimod 
study, ALC was reduced to 49% at the same time point) 
[5]. This would suggest that KRP203 may exhibit a PD 
potency comparable to that of ozanimod.

KRP203 was generally safe and well tolerated, and AEs 
were similar in the active study drug and placebo cohorts. 
No severe or dose-limiting toxicities were observed. Im-
portantly, no cardiac AEs were reported in the KRP203 
group, demonstrating that the utilised dose titration reg-
imen was able to mitigate bradycardia.

Nevertheless, the study failed its primary objective of 
a remission rate at least 20% higher for KRP203 than pla-
cebo at week 8. At the first IA of 22 evaluable patients, the 
predefined futility criteria were met, as a result of which 
the trial was terminated prematurely. In the final analysis, 
while 2 patients achieved remission in the KRP203 cohort 
versus none in the placebo group, the efficacy was not 
considered sufficient to continue the study. Bearing in 
mind the 2 patients in remission, a beneficial effect of 
KRP203 cannot be completely ruled out. Subgroup anal-
yses of patients with or without concomitant treatment 
with corticosteroids or previous treatment with anti-
TNF-α therapy did not reveal any major differences.

The efficacy biomarkers CRP, erythrocyte sedimenta-
tion rate, and faecal calprotectin failed to yield any con-
clusive results, not least due to the small patient popula-
tion and the wide intrapatient variability of these param-
eters, especially faecal calprotectin: Whereas serum CRP 
> 5 mg/L or documented endoscopic evidence of mucosal 
ulcerations was an inclusion criterion for the study, there 
was no similar specification for concentrations of faecal 
calprotectin.

The trial had some limitations. First, the primary end 
point of clinical remission was not met. It was not possi-
ble to obtain more conclusive data (as originally planned 
in a total study population of 60 patients), since the in-
terim results (including only 27 patients) fulfilled the fu-
tility criteria defined for premature termination of the 
study. Second, the time point (week 8) chosen for efficacy 
evaluation may not be long enough for drugs targeting 
lymphocyte trafficking, a possibility supported by the en-
hanced benefits seen with anti-trafficking agents such as 
Vedolizumab [16]. Furthermore, at this early time point, 
conclusions regarding efficacy may potentially be con-
founded by the fact that only 3 patients on KRP203 (vs. 1 
on placebo) were able to taper corticosteroids, which was 
permitted as per study protocol after 2 weeks of study 
medication. In line with this, the TOUCHSTONE trial of 
Sandborn et al. [5] revealed an increased proportion of 
ozanimod-treated patients in remission at week 32 com-
pared to week 8, leading the authors to suggest that ex-
tended treatment may be associated with enhanced effi-
cacy. Third, according to data shown in the study report, 
1 of the patients had a partial Mayo Score at baseline of 
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11, whereas the maximum score allowed according to the 
inclusion criteria was 9. This should have led to the pa-
tient’s exclusion from the study. Unfortunately, we were 
unable to rectify this issue. Fourth, while a limit of 40 mg/
day was applied and patients were stratified according to 
steroid intake (yes/no) at baseline, the inclusion/exclu-
sion criteria of the present study failed to define a spe-
cific period during which the oral steroid dose was re-
quired to have been stable prior to baseline. Furthermore, 
no data are available regarding prior UC therapies of the 
study subjects. Finally, as noted above, given the relative-
ly brief duration of observation and the small number of 
patients evaluated, a meaningful safety evaluation of 
KRP203 was not possible. While we acknowledge the ev-
ident shortcomings of the study, we felt it important to 
make its findings available to a wider readership – espe-
cially in the light of the fact that results of the phase 1 
studies of KRP203 have not been published.

Although a marked reduction in peripheral blood lym-
phocyte numbers was noted in all KRP203-treated pa-

tients, this was not found to correlate with major clinical 
improvement. Further exploratory analyses are in prog-
ress to improve mechanistic understanding of the mode 
of action of KRP203 in UC. These will be summarised in 
a separate report.

In conclusion, in this preliminary trial, KRP203 at a 
dose of 1.2 mg was safe and well tolerated by patients with 
moderately active UC. There were no instances of brady-
cardia or cardiac AEs. However, the trial was not large 
enough or of sufficiently long duration to enable a mean-
ingful assessment of the safety of the drug. KRP203 was 
associated with a slightly higher rate of clinical remission 
than placebo treatment. Even though the study was ter-
minated prematurely, the results may suggest that KRP203 
treatment is superior to placebo. While in principle, 
therefore, the potential effectiveness of the mode of action 
of 2 different S1P1-agonists has now been shown in sim-
ilar patient populations, due to the delayed action of the 
drug type, together with the stringently chosen efficacy 
and futility criteria in the KRP203 study, which played a 
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role in its early discontinuation, no significant results 
could be obtained which would have allowed a direct 
comparison of the 2 substances. Larger randomised con-
trolled trials designed to include a maintenance and/or 
extension phase may be considered for conclusive assess-
ment of the efficacy and tolerability of KRP203 in patients 
with UC.
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