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Abstract

Ulcerative colitis (UC), a chronic, relapsing, remitting
disease of the colon and rectum, is characterized
by inflammatory ulceration of the mucosa. Current
UC therapy relies on controlling acute episodes and
preventing relapse. To predict modifications in the
natural course of UC, mucosal healing (MH) has
emerged as a major treatment goal. Endoscopic
evaluation is considered the gold standard for assessing
MH, which can be achieved by conventional drugs and
biologics in many, but not all, patients. Consequently,
interest is focusing on the development of new
substances for UC therapy, and new oral agents are
in the pipeline. This review will focus on the ability of
newly developed oral drugs to induce and maintain MH
in UC patients.

Key words: Mucosal healing; New oral treatments;
Ozanimod; Peficitinib; Tofacitinib; Ulcerative colitis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The disease activity of ulcerative colitis (UC)
is not sufficiently controlled in a subgroup of patients
under the current therapeutic regimens. New oral
substances are in the pipeline for treating UC. Mucosal
healing (MH) has emerged as an important predictor
of modifications in the natural disease course of UC.
This review describes the efficacy of new oral drugs in
inducing and maintaining MH in UC.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic, relapsing, remitting
inflammatory disease of the colon and rectum, causing
ulceration of the mucosa. Although UC usually has a
mild to moderate course, approximately 20%-25%
of patients suffer at least one severe acute attack,
requiring hospitalisation™.

Current UC treatment relies on controlling acute
attacks and preventing relapse’® by means of first-
line agents like aminosalicylates, steroids, and
immunosuppressants. When conventional therapy fails
because of lack of efficacy or drug intolerance, biological
agents may be administered to gain disease control.
However, the available agents (infliximab, adalimumab,
and golimumab) are often associated with primary and,
more importantly, secondary loss of response!®. In
addition to tumor necrosis factor (TNF)-c inhibitors, the
a4p7 integrin inhibitor vedolizumab has recently been
playing a major role in the therapeutic arsenal™.

Advances in understanding the pathophysiology
of UC led to strategies that were designed to alter
cytokine levels®. When attempting cytokine targeting,
it is important to remember the role of the cells that
produce and respond to those cytokines, and that
efficacy may be linked to the role of cytokines in non-
immune cells, all of which may limit therapeutic success
or cause unpredictable adverse events'®,

Fortunately, additional new therapeutic options have
been, and are still being, actively explored and some
have already entered daily clinical practice. Mucosal
healing (MH) has emerged as a major treatment goal
for patients with UC®), Although endoscopy is the
gold standard for assessing MH™, there are several
endoscopic definitions of MH, most of which are not
validated. In a recent consensus agreement called the
Ulcerative Colitis Endoscopic Index of Severity (UCEIS),
0 was defined as endoscopic response as were a = 1
grade decrease in the Mayo endoscopic score or = 2
point drop in the UCEIS™",

Ideally, clinical recovery should be followed by
mucosal repairt’?, which is assessed by evaluating the
macroscopic appearance of the mucosa at endoscopy.
MH is defined as resolution of visible mucosal
inflammation and ulceration at endoscopy™®, and
diverse endoscopic scoring systems were developed
to assess its presence or absence!™. Even though the
Mayo Endoscopic Score™ is one of the most frequently
used, only the UCEIS™® has been validated to date!*”.

MH is crucial because it predicts long-term remission,
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reduces the risk of dysplasia or cancer, lowers hospitali-
sation and surgery rates, and improves quality of life,
thus modifying the natural course of UC by slowing
down, or even preventing, disease progression!'®], Since
inflammation is limited to the mucosa in UC patients, MH
has become a central therapeutic goal, which may be
achieved by means of several classes of drugs, including
mesalamine™, corticosteroids™™, immunomodulatorst?,
and biologics®®?.

In this review, we discuss the efficacy of new
oral drugs, which have been recently developed and
successfully tested for UC therapy, in inducing and
maintaining MH.

JANUS KINASE INHIBITORS

Janus kinases (JAKs), a family of intracellular proteins,
consist of JAK 1, 2, and 3 and the related kinase
tyrosine kinase 2 (TYK2)"’.. Several JAK inhibitors were
developed as therapy for immune-mediated diseases
like rheumatoid arthritis, IBD, and psoriasis™*. Some
compounds with JAK inhibitor activity have been tested
for efficacy as potential UC treatments. They are
small molecules characterized by oral administration,
short serum half-life, intracellular target, and non-
antigenicity'®. The results of JAK treatment for UC are
summarized in Table 1.

Tofacitinib

Tofacitinib®, a non-selective JAK inhibitor, has recently
been approved in Europe for adult patients with
moderate to severe active UC who responded poorly,
lost response, or were intolerant to either conventional
therapy or a biologic agent™. A few years ago, a
phase II clinical trial demonstrated for the first time
that tofacitinib was effective in UC®®.. This trial was
conducted on 194 patients with moderate to severe UC
who had not responded to conventional therapy, anti-
TNF agents or a combined approach. Tofacitinib at doses
of 0.5, 3, 10 or 15 mg was administered twice daily
vs placebo for 8 wk. Patients displayed an excellent
clinical response, with the highest dose group having an
almost 78% response rate. The endoscopic response
was defined as a decrease of at least 1 from baseline
in the endoscopy subscore, and endoscopic remission
was defined as an endoscopic subscore of 0. At 8 wk,
endoscopic remission occurred in 1/48 patients (2%)
receiving placebo, compared with 3/31 (10%) receiving
0.5 mg of tofacitinib (P = 0.14), 6/33 (18%) receiving
3 mg of tofacitinib (P = 0.01), 10/33 (30%) receiving
10 mg of tofacitinib (P < 0.001), and 13/49 (27%)
receiving 15 mg of tofacitinib (P < 0.001). The post
hoc analysis®® showed that median fecal calprotectin
(FCP) concentrations at week 8 were significantly lower
(P < 0.001) in responders than in non-responders (P <
0.001) with respect to endoscopic remission (44 mg/kg
vs 489 mg/kg) and MH (127 mg/kg vs 753 mg/kg).
Moreover, an FCP cut-off value of 150 mg/kg displayed
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Table 1 Summary of treatment results with Janus kinase inhibitors in ulcerative colitis patients

Study Drug Study population Treatment arm Endoscopy endpoint Time of observation, Rate of mucosal
wk healing
Sandborn et al™ Tofacitinib Moderate to severe  Doses of 0.5, 3,10, or Secondary end points; At 8wk Placebo 2%
UC patients (1 =194) 15 mg/twice daily vs Endoscopic remission: Tofacitinib 0.5 mg =
placebo for 8 wk an endoscopic 10%, (P = 0.14)
subscore of 0 Tofacitinib 3 mg =
18%, (P =0.01)
Tofacitinib 10 mg =
30%, (P <0.001),
Tofacitinib 15 mg =
27%, (P < 0.001)
Sandborn et al™” Tofacitinib Moderate to severe  Dose of 10 mg/ twice Key secondary At 8wk Placebo 15.6%
UC patients (n = 614)  daily vs placebo for ~ endpoint was MH Tofacitinib 10 mg =
8 wk 16 patients (Mayo endoscopic 31.3%, (P < 0.001)
received tofacitinib 15  subscore of 0 or 1)
mg twice daily
Sandborn et al™ Tofacitinib Moderate to severe  Dose of 10 mg twice Key secondary At 8wk Placebo 11.6%
UC patients (1 = 547)  daily vs placebo for  endpoint was MH; Tofacitinib 10 mg =
8 wk; 6 received Mayo endoscopic 28.4%, (P < 0.001)
tofacitinib; 15 mg subscore of 0 or 1
twice daily
Sandborn et al™” Tofacitinib Moderate to severe ~ Dose of 5 mg twice ~ Key secondary end At 52 wk Placebo 13.1%
UC patients (n =593)  daily, 10 mg twice ~ points were mucosal Tofacitinib 5 mg =
daily, or placebo for healing; Mayo 37.4%, (P < 0.001)
52 wk endoscopic subscore Tofacitinib 10 mg =
of Oor1 45.7%, (P < 0.001)
Motoya et al™! Tofacitinib Moderate to severe  Dose of 5 mg twice Key secondary At 8 wk (OCTAVE Placebo 7.7%
UC patients (n =121 daily (OCTAVE endpoint was MH Induction 1 and 2); Tofacitinib 10 mg
OCTAVE Induction ~ sustain only), 10mg  (Mayo endoscopic At 52 wk (OCTAVE ~ =24.2% (OCTAVE
land 2) (n=63, twice daily, or placebo  subscore of 0 or 1 sustain) Induction 1 and 2)
OCTAVE Sustain) Placebo 20%
Tofacitinib 5 mg =
45.5%
Tofacitinib 10 mg
=57.1% (OCTAVE
Sustain)
Sands et al®™ Peficitinib Moderate-to-severe ~ Dose of 25 mg once  Secondary endpoint At 8wk Placebo 18.6%
UC (n=219) daily (qd), 75 mg qd, was MH; Mayo Peficitinib 25 mg qd
150 mg qd, 75 mg  endoscopic subscore mg =20.5%
twice daily (bid) or of Oor1 Peficitinib 75 mg qd =
placebo 29.5%
Peficitinib 150 mg qd
=45.5% (P <0.05)
Peficitinib 75 mg

bidmg = 36.4%

UC: Ulcerative colitis; OCTAVE: Oral Clinical Trials for tof Acitinib in ulceratiVE colitis.

the highest sensitivity and specificity for clinical (0.68
and 0.79, kappa = 0.44) and endoscopic (0.79 and 0.75,
kappa = 0.38) remission. The authors concluded that
daily fluctuations in FCP concentrations might account
for the low agreement between FCP and endoscopic
remission. In addition, residual inflammation might
still persist histologically despite MH and endoscopic
remission. Since safety concerns (hyperlipidemia and
viral infections) emerged for patients receiving the
highest dose, the US Food and Drug Administration
subsequently authorized only the 10 mg dose for clinical
development. Consequently, the most recent OCTAVE
(Oral Clinical Trials for tofAcitinib in ulceratiVE colitis )
trials on tofacitinib induction were conducted using a 10
mg dose twice daily™”.

WIJG | https:/ /www.wjgnet.com

JRaishideng®

5324

OCTAVE trials: Three multi-centre, randomized,
double-blind, placebo-controlled trials (OCTAVE
Induction 1; OCTAVE Induction 2; and OCTAVE Sustain)
were conducted on moderate to severe UCP?. In the
OCTAVE Induction 1 and 2 trials, 1139 eligible patients
were randomly assigned to induction therapy with oral
tofacitinib at a dose of 10 mg twice daily or placebo for
8 wk. The primary endpoint was remission at the end
of the study, and the key secondary endpoint was MH
(Mayo endoscopic subscore of 0 or 1) at 8 wk. Of note,
endoscopic results were centrally assessed by a blinded
observer, a methodological advance that has been
adopted in recent UC studies. In the OCTAVE Induction 1
trial, 18.5% of patients receiving tofacitinib achieved the
primary end point, i.e., remission at 8 wk compared with
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8.2% of the placebo group (P = 0.007). In the OCTAVE
Induction 2 trial, remission rates were 16.6% vs 3.6%
(P < 0.001). Both trials displayed similar results for the
key secondary endpoint. MH was achieved in 31.3%
(OCTAVE 1) and 28.4% (OCTAVE 2) patients receiving
tofacitinib vs 15.6% and 11.6% in the placebo groups,
respectively (P < 0.001 for both comparisons). Although
these success rates may appear unimpressive, it should
be emphasized that both study populations were highly
treatment-refractory. All patients had, in fact, failed
to respond to conventional therapies for UC, including
TNF-blockers, and approximately half were receiving
corticosteroids at baseline. Nevertheless, in subgroup
analyses, a consistent treatment effect of tofacitinib
was observed in anti-TNF naive and anti-TNF exposed
patients.

In the OCTAVE Sustain trial, 593 patients who had
completed the OCTAVE Induction 1 or 2 trial and had
responded clinically to induction therapy were assigned
to tofacitinib maintenance therapy (5 or 10 mg twice
daily) or placebo for 52 wk. MH, a key secondary end
point, occurred in significantly more patients than
placebo in both groups. Specifically, MH was observed in
74/198 patients (37.4%) in the 5 mg group and in 90/
197 (45.7%) in the 10 mg group, vs 26/198 (13.1%) in
the placebo cohort (P < 0.001 for both comparisons). At
week 24, MH was observed in 43.9% of the 5 mg group
and in 46.2% of the 10 mg group vs 17.2% of the
placebo group. Also at week 24, MH was maintained in
52.4% of participants with MH at baseline who received
the 5 mg tofacitinb dose and in 66.3% who received
10 mg tofacitinb, compared with 21.8% in the placebo
group (P < 0.001). Endoscopic remission, defined as an
endoscopic subscore of 0, was another end-point. After
24 and 52 wk, it was observed in 16.2% and 14.6%
of the 5 mg tofacitinib group and in 12.2% and 16.8%
of the 10 mg tofacitinib group, respectively, vs 4%
of placebo patients. Sustained endoscopic remission,
defined as responses at both week 24 and 52, was 6.1%
and 5.1% in the 5 mg and the 10 mg tofacitinib groups,
respectively.

In post-hoc analyses of East Asian patients with
active UC who were enrolled in global phase 3 induction
and maintenance studies™, twice daily doses of 10 mg
oral tofacitinib induced MH with greater efficacy than
placebo. At week 8, 10 mg tofacitinib was associated
with a 24.2% response rate vs 7.7% with placebo.
Similarly, MH was achieved at week 52 in 45.5% of
patients receiving 5 mg tofacitinib, and in 57.1% of
those given 10 mg twice daily of tofacitinib vs 20.0%
receiving placebo.

An ongoing, open-label, long-term extension study
(OCTAVE Open)®? included non-responders from
OCTAVE Induction 1 and 2, and patients who had
completed or experienced treatment failure in OCTAVE
Sustain. This trial was conducted in a subpopulation of
58 patients who achieved clinical response following 8
wk induction therapy with 10 mg twice daily tofacitinib.
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The patients entered OCTAVE Sustain receiving 5 mg
twice daily tofacitinib, but experienced treatment failure
between week 8 and 52. In the OCTAVE Open, these
patients were escalated to 10 mg tofacitinib twice daily,
which induced MH in 41.4% and 60.4% patients at
months 2 and 12, respectively, compared with baseline
(5.2%)",

Peficitinib

Peficitinib, a JAK1, JAK2, and JAK3 oral inhibitor, has
an in vitro potency that is approximately 6- to 7-fold
greater for JAK3 than for JAK1 and JAK2P%, In a phase
2b randomized, double-blind, placebo-controlled, dose-
ranging trial, its efficacy and safety were evaluated in
219 patients with moderate-to-severe UC™®!. Patients
were equally randomized to receive oral placebo or 25,
75 or 150 mg peficitinib once daily, or 75 mg peficitinib
twice daily. At week 8, patients were assessed for clinical
response, and MH was one of the secondary endpoints.
The Mayo endoscopic subscores were assigned by the
local reader (blinded to treatment assignment) and the
central reader (blinded to treatment assignment and
clinical examination). Few patients achieved normal or
inactive mucosal disease (endoscopy subscore of 0).
At week 8, MH was observed in 20.5% (25 mg daily),
29.5% (75 mg daily), 45.5% (150 mg daily,) 36.4%
(75 mg twice daily) vs 18.6% of patients (placebo).
While no dose-response of peficitinib was demonstrated
in patients with moderate-to-severe UC, evidence of
efficacy in achieving MH was suggested at doses > 75
mg daily vs placebo.

Upadacitinib

Upadacitinib, a JAK 1 inhibitor, is being developed to
treat rheumatoid arthritis and other inflammatory
diseases. At present, it is being investigated as an oral
treatment of UC***”], but no results are yet available.

MODULATION OF SPHINGOSINE-1-

PHOSPHATE RECEPTOR

The sphingosine-1-phosphate (S1P) receptor family
consists of widely expressed receptors (S1P1 through
S1P5) that are implicated in regulating multiple
immunological and cardiovascular functions such as
cell proliferation and migration, immune cell tracking,
angiogenesis and the epithelial barrier®. Targeting S1P
receptors for inflammatory conditions was successful
in clinical trials and is presently being investigated as a
potential therapy for UC patients”®.. The results of S1P
receptor modulation to treat UC patients are summarized
in Table 2.

Ozanimod

Ozanimod (RPC1063, Celgene) is a new oral
selective S1P1 and S1P5 receptor modulator that is
under investigation for the treatment of UCH*", The
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Table 2 Summary of treatment results with sphingosine-1-phosphate receptor modulators, AJM300, and phospholipids in ulcerative

colitis patients

Study Drug Study population Treatment arm Endoscopy endpoint Time of observation, Rate of mucosal
wk healing
Sandborn et al'*! Ozanimod Moderate to severe Dose of 0.5 mg or 1 Mcosal healing At 8 wk; at 32 wk Placebo 12%
UC patients (1 =  mg or placebo, once (endoscopy subscore Ozanimod 0.5 mg =
197) daily <1) 28%, (P = 0.03)
Ozanimod 1 mg =
34%, (P =0.002)
At week 8
Placebo 12%
Ozanimod 0.5 mg =
32%, (P = 0.006)
Ozanimod 1 mg =
33%, (P = 0.005)
At week 32
Yoshimura et al*" AJM300 Moderate to severe  Dose of 960 mgor ~ Mucosal healing, At 8 wk Placebo 29.4%
UC patients (n = placebo, 3 times (endoscopic AJM300 960 mg =
102) daily subscore of 0 or 1) 58.8% (P = 0.0014)
Stremmel et al™ Phosphatidylcholine-  Chronic active, Dose of PC rich Mucosal healing, At three mo None of 29 placebo
rich phospholipids ulcerative colitis, ~ phospholipids (1.5  was not formally patients DEAI (>
with a clinical g /dose) or placebo, assessed 48 patients 50%) in 11 of 29
activity index (CAI)  four times daily were examined evaluated of PC
of >4 (n = 60) using the standard patients P = 0.00016
endoscopic activity
index (EAI);
Secondary end point
analysis DEAI (>
50%)
Karner et al®™ LT-02 Ulcerative colitis  Dose of LT-2 (0.8,1.6  Mucosal healing At12 wk Placebo 40.0%
patients withan ~ or 3.2 g) or placebo  (endoscopic Mayo LT-20.8 g=57.5%, (P
inadequate response Score < 1) =0.097)
to mesalazine, a LT-21.6 g=56.1%, (P
disease activity score =0.097)
(Simple Clinical LT-232g=>514%, (P
Colitis Activity =0.097)
Index (SCCAI)) of Pooled LT-02 groups

25, and bloody
diarrhea (n = 156)

55.2 (P = 0.098)

UC: Ulcerative colitis; OCTAVE: Oral Clinical Trials for tof Acitinib in ulceratiVE colitis.

TOUCHSTONE study™", a randomised, double-blind,
placebo-controlled phase II trial that recruited 197
patients with moderate to severe active UC, tested the
efficacy and safety of ozanimod through induction and
maintenance. Patients were randomised in a 1:1:1 ratio
to receive once daily oral ozanimod at 1 mg (n = 67)
and 0.5 mg (n = 65) concentrations or placebo (n = 65)
for 8 wk (induction phase). Flexible sigmoidoscopy, with
blinded central reading, was performed at screening and
at week 8 and 32. The primary endpoint was clinical
remission (defined as Mayo score < 2 and no sub-
score > 1) at week 8. One of the exploratory secondary
endpoints was MH (defined as an endoscopy subscore
< 1). Although ozanimod provided some benefits,
most endpoints did not reach statistical significance.
At 8 wk, 16% and 57% of patients receiving 1 mg
daily ozanimod achieved clinical remission and clinical
response, respectively, vs 6% and 37% of the placebo
group, respectively. At 8 wk, significant endoscopic
improvements were observed in patients receiving all
doses of ozanimod compared with placebo. MH occurred
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in 18/65 patients (28%) in the 0.5 mg group (P =
0.03), and in 23/67 patients (34%) in the 1 mg group
(P = 0.002) vs 8/65 patients (12%) in the placebo
group. However, no significant differences emerged
in histological remission. The 32 wk double-blind
maintenance phase included 103/197 (52.3%) patients
who had been recruited in the induction phase and
wanted to continue with their original treatment, with 91
(88.3%) patients completing maintenance. Explorative
outcome measures at week 32 included clinical response,
histological remission, clinical remission and MH. At
weeks 8 and 32, MH was observed in 32% (0.5 mg) and
33% (1 mgq) of patients, respectively, compared with
12% in each placebo group, however these differences
did not reach statistical significance. One limitation of the
study was the time point for primary outcome analysis,
since 8 wk might not have been long enough for
ozanimod to target lymphocyte tracking. Moreover, the
long-term safety profile could not be assessed because
the cohort of patients was relatively small and the follow-
up was short. Larger studies with longer follow-ups
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are therefore needed. Since ozanimod displayed some
potential benefits and the results appeared promising,
two phase III studies for induction and maintenance
therapy are currently underway to further evaluate the
potential role of ozanimod in moderate to severe UCH***,

Other S1P modulators

Etrasimod (APD334), a S1P-R: modulator, is currently
being investigated in a phase 2 study as a potential
therapeutic agent for UC patients™*",

SMALL-MOLECULE o4 INTEGRIN
ANTAGONISTS

AJM300

AIM300, a new, orally active small molecule, is classified
as a phenylalanine derivative and is currently being
developed for UC*®. Both the efficacy and safety of
AIM300 were tested in a Japanese randomized, double-
blind, placebo-controlled phase IIa study™ conducted
on 102 patients with moderately active UC who were
intolerant or showed an inappropriate response to
mesalazine or steroids. For 8 wk, patients were orally
administered 960 mg of AJM300 or placebo 3 times
daily. The primary endpoint was clinical response.
Secondary endpoints were clinical remission (defined
as a Mayo Clinic score of 2 or lower and no sub-score
higher than 1) and MH (defined as an endoscopic
sub-score of 0 or 1, and a partial Mayo Clinic score).
Endoscopic assessment with biopsy was performed at
baseline and at week 8, and the endoscopic sub-scores
were analysed by a central evaluation committee. In
this study, 62.7% of patients receiving AJM300 and
25.5% of the placebo group had a clinical response at
week 8. MH was achieved by 58.8% of patients (30/51)
in the active treatment arm and by 29.4% (15/51) in
the placebo group. Although the difference was not
significant, more patients in the active treatment arm
achieved endoscopic subscores of 0 at week 8 than in
the placebo group.

The most concerning adverse event of an a4 integrin
blockade is the development of progressive multifocal
leukoencephalopathy, a demyelinating central nervous
system disorder caused by JC viral infection and
reactivation. However, neither infection nor neurological
symptoms were observed in this study. These data
demonstrated the feasibility of AJM300 treatment,
particularly when it is delivered in a gut-specific manner.
A phase III Study of AIM300 in UC patients is currently
ongoing™”), The results of AJM300 treatment for UC
patients are summarized in Table 2.

SUBSTITUTION OF
PHOSPHATDYLCHOLINE

LT02
Phosphatidylcholine, which prevents bacterial invasion,
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is reduced by up to 70% in the colonic mucus of UC
patients'®. Therefore, phosphatidylcholine substitution
in the colonic mucus might be an interesting future
therapeutic approach™. In a double-blind, randomized,
placebo-controlled phase Ila study, 60 patients with
UC were treated with 6 g of phosphatidylcholine-
rich phospholipids for 3 mo®™®. The phospholipids
were released in the distal ileum in a pH-dependent
manner. Significant improvements in clinical remission
and clinical response, the primary endpoints, were
observed compared with placebo, together with
significant positive effects in endoscopic and histological
assessments. However, MH was not formally assessed.

LT-02, a novel modified-release phosphatidylcholine
agent, was investigated for mucosal barrier
enhancement in UC. In a double-blinded, randomized,
placebo-controlled, multi-centre phase II study®",
LT-02 was administered to a total of 156 patients with
an inadequate response to mesalazine, characterized
by a disease activity score = 5 [Simple Clinical Colitis
Activity Index (SCCAI)] and bloody diarrhea. The
patients were randomized into three treatment groups
orally receiving 0.8, 1.6 or 3.2 g of LT-02 or placebo.
The primary endpoint was clinical response after 3
mo therapy, as indicated by changes in SCCAI from
baseline to the end of treatment. Data analysis showed
a 33.3% SCCAI drop in the placebo group compared
with 44.3% in the 0.8 g LT-02 group (P > 0.05) and
40.7% in the 1.6 g group (P > 0.05). The 3.2 g group
improved by 51.7%, falling from 8.5 to 4.1 (P = 0.030
vs placebo). The remission rate was 15% (6/40) in the
placebo group vs 31.4% (11/35) in the highest LT-02
dose group (P = 0.089). MH was achieved in 32.5% of
the placebo group vs 47.4% in the pooled LT-02 groups
(P = 0.098). The histological healing rate (histological
index = 1) was 20.0% in the placebo cohort vs 35.3%
in the LT-02 groups (P = 0.016). In a second analysis,
considering dropouts as failures, endoscopic remission
but not clinical remission reached statistical significance.
Histological remission was reached significantly more
often in the treatment groups. No serious adverse
events were observed and there were no deviations in
adverse events in the treatment groups. The authors
concluded that, compared with placebo, LT-02 is useful
for reducing disease activity in UC and is associated with
a good safety profile. The results of such treatments for
UC patients are summarized in Table 2.

CONCLUSION

The new oral-targeted therapies seem to be
effective for UC patients. They share some common
characteristics, such as shorter half-lives, potential off-
target effects, relatively narrow dosing windows and
lack of immunogenicity. The mechanisms of action of
the four classes of these oral synthetic drugs include:
(1) Jak-inhibitors, which reduce the production of
several cytokines, (2) AJM300, which blocks lymphocyte
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trafficking from blood vessels into the lamina propria,
(3) ozanimod, which prevents egression of lymphocytes
from lymph nodes by following the S1P gradient via
receptor internalization, and (4) LT-02, a substitute of
phosphatidylcholine. Further studies are ongoing and
will establish the value of these agents for the treatment
of UC patients in clinical practice. They could potentially
offer three major advantages: (1) As an alternative
for patients who mount immunogenic responses to
biologics, (2) in association to other drugs, as innovative
combination strategies, and (3) to investigate stop and
start therapeutic strategies. Moreover, with convenient
storage, they might be potentially transported into
the site of action and act as topical therapy. On the
other hand, multiple daily dosing, uncertainties about
bioavailability at the right target site and adverse events
may constitute the potential disadvantages of this
therapeutic approach.

ACKNOWLEDGMENTS

We are warmly indebted to Ms. Geraldine Anne Boyd of
our Faculty, Lecturer in Scientific English, for the revision
of the English form of the manuscript.

REFERENCES

1 Feuerstein JD, Cheifetz AS. Ulcerative colitis: epidemiology,
diagnosis, and management. Mayo Clin Proc 2014; 89: 1553-1563
[PMID: 25199861 DOLI: 10.1016/j.mayocp.2014.07.002]

2 Matsuoka K, Kobayashi T, Ueno F, Matsui T, Hirai F, Inoue
N, Kato J, Kobayashi K, Kobayashi K, Koganei K, Kunisaki R,
Motoya S, Nagahori M, Nakase H, Omata F, Saruta M, Watanabe
T, Tanaka T, Kanai T, Noguchi Y, Takahashi KI, Watanabe K, Hibi
T, Suzuki Y, Watanabe M, Sugano K, Shimosegawa T. Evidence-
based clinical practice guidelines for inflammatory bowel disease. J
Gastroenterol 2018; 53: 305-353 [PMID: 29429045 DOI: 10.1007/
$00535-018-1439-1]

3 Pouillon L, Bossuyt P, Peyrin-Biroulet L. Considerations,
challenges and future of anti-TNF therapy in treating inflammatory
bowel disease. Expert Opin Biol Ther 2016; 16: 1277-1290 [PMID:
27329436 DOI: 10.1080/14712598.2016.1203897]

4 Narula N, Peerani F, Meserve J, Kochhar G, Chaudrey K, Hartke J,
Chilukuri P, Koliani-Pace J, Winters A, Katta L, Shmidt E, Hirten R,
Faleck D, Parikh MP, Whitehead D, Boland BS, Singh S, Sagi SV,
Fischer M, Chang S, Barocas M, Luo M, Lasch K, Bohm M, Lukin
D, Sultan K, Swaminath A, Hudesman D, Gupta N, Shen B, Kane
S, Loftus EV, Siegel CA, Sands BE, Colombel JF, Sandborn WJ,
Dulai PS. Vedolizumab for Ulcerative Colitis: Treatment Outcomes
from the VICTORY Consortium. Am J Gastroenterol 2018; 113:
1345-1354 [PMID: 29946178 DOI: 10.1038/s41395-018-0162-0]

5 Bevivino G, Monteleone G. Advances in understanding the role of
cytokines in inflammatory bowel disease. Expert Rev Gastroenterol
Hepatol 2018; 12: 907-915 [PMID: 30024302 DOI: 10.1080/17474
124.2018.1503053]

6 Hindryckx P, Vande Casteele N, Novak G, Khanna R, D’Haens
G, Sandborn WJ, Danese S, Jairath V, Feagan BG. The Expanding
Therapeutic Armamentarium for Inflammatory Bowel Disease:
How to Choose the Right Drug[s] for Our Patients? J Crohns
Colitis 2018; 12: 105-119 [PMID: 28961959 DOI: 10.1093/ecco-
jee/jjx117]

7 Orlando A, Guglielmi FW, Cottone M, Orlando E, Romano
C, Sinagra E. Clinical implications of mucosal healing in the
management of patients with inflammatory bowel disease. Dig

WIJG | https:/ /www.wjgnet.com

JRaishideng®

10

12

14

15

17

18

19

20

21

22

Liver Dis 2013; 45: 986-991 [PMID: 23993738 DOI: 10.1016/
j-d1d.2013.07.005]

Villanacci V, Antonelli E, Geboes K, Casella G, Bassotti G.
Histological healing in inflammatory bowel disease: a still
unfulfilled promise. World J Gastroenterol 2013; 19: 968-978
[PMID: 23467585 DOLI: 10.3748/wjg.v19.17.968]

Mazzuoli S, Guglielmi FW, Antonelli E, Salemme M, Bassotti
G, Villanacci V. Definition and evaluation of mucosal healing
in clinical practice. Dig Liver Dis 2013; 45: 969-977 [PMID:
23932331 DOI: 10.1016/j.d1d.2013.06.010]

Goetz M. Endoscopic Surveillance in Inflammatory Bowel
Disease. Visc Med 2018; 34: 66-71 [PMID: 29594172 DOI:
10.1159/000485019]

Vuitton L, Peyrin-Biroulet L, Colombel JF, Pariente B, Pineton de
Chambrun G, Walsh AJ, Panes J, Travis SP, Mary JY, Marteau P.
Defining endoscopic response and remission in ulcerative colitis
clinical trials: an international consensus. Aliment Pharmacol Ther
2017; 45: 801-813 [PMID: 28112419 DOI: 10.1111/apt.13948]
Peyrin-Biroulet L, Ferrante M, Magro F, Campbell S, Franchimont
D, Fidder H, Strid H, Ardizzone S, Veereman-Wauters G, Chevaux
JB, Allez M, Danese S, Sturm A; Scientific Committee of the
European Crohn’s and Colitis Organization. Results from the 2nd
Scientific Workshop of the ECCO. I: Impact of mucosal healing on
the course of inflammatory bowel disease. J Crohns Colitis 2011; 5:
477-483 [PMID: 21939925 DOI: 10.1016/j.crohns.2011.06.009]
Boal Carvalho P, Cotter J. Mucosal Healing in Ulcerative Colitis:
A Comprehensive Review. Drugs 2017; 77: 159-173 [PMID:
28078646 DOI: 10.1007/s40265-016-0676-y]

Mohammed Vashist N, Samaan M, Mosli MH, Parker CE,
MacDonald JK, Nelson SA, Zou GY, Feagan BG, Khanna R, Jairath
V. Endoscopic scoring indices for evaluation of disease activity in
ulcerative colitis. Cochrane Database Syst Rev 2018; 1: CD011450
[PMID: 29338066 DOI: 10.1002/14651858.CD011450.pub2]
Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral
S-aminosalicylic acid therapy for mildly to moderately active
ulcerative colitis. A randomized study. N Engl J Med 1987; 317:
1625-1629 [PMID: 3317057 DOL: 10.1056/NEJM198712243172603]
Travis SP, Schnell D, Krzeski P, Abreu MT, Altman DG, Colombel
JF, Feagan BG, Hanauer SB, Lichtenstein GR, Marteau PR,
Reinisch W, Sands BE, Yacyshyn BR, Schnell P, Bernhardt CA,
Mary JY, Sandborn WJ. Reliability and initial validation of the
ulcerative colitis endoscopic index of severity. Gastroenterology
2013; 145: 987-995 [PMID: 23891974 DOI: 10.1053/
j-gastro.2013.07.024]

Lee JS, Kim ES, Moon W. Chronological Review of Endoscopic
Indices in Inflammatory Bowel Disease. Clin Endosc 2018 [PMID:
30130840 DOI: 10.5946/ce.2018.042]

Freslie KF, Jahnsen J, Moum BA, Vatn MH; IBSEN Group.
Mucosal healing in inflammatory bowel disease: results from a
Norwegian population-based cohort. Gastroenterology 2007; 133:
412-422 [PMID: 17681162 DOI: 10.1053/j.gastro.2007.05.051]
Hanauer SB, Sandborn W1J, Dallaire C, Archambault A, Yacyshyn
B, Yeh C, Smith-Hall N. Delayed-release oral mesalamine 4.8
g/day (800 mg tablets) compared to 2.4 g/day (400 mg tablets) for
the treatment of mildly to moderately active ulcerative colitis: The
ASCEND 1 trial. Can J Gastroenterol 2007; 21: 827-834 [PMID:
18080055]

Rizzello F, Gionchetti P, D’Arienzo A, Manguso F, Di Matteo G,
Annese V, Valpiani D, Casetti T, Adamo S, Prada A, Castiglione
GN, Varoli G, Campieri M. Oral beclometasone dipropionate in
the treatment of active ulcerative colitis: a double-blind placebo-
controlled study. Aliment Pharmacol Ther 2002; 16: 1109-1116
[PMID: 12030952]

Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E,
Bianchi Porro G. Randomised controlled trial of azathioprine and
S-aminosalicylic acid for treatment of steroid dependent ulcerative
colitis. Gut 2006; 55: 47-53 [PMID: 15972298]

Laharie D, Filippi J, Roblin X, Nancey S, Chevaux JB, Hébuterne
X, Flouri¢ B, Capdepont M, Peyrin-Biroulet L. Impact of mucosal

December 21, 2018 | Volume 24 | Issue 47 |



23

24

25

26

27

28

29

30

31

32

33

34

35

JRaishideng®

Antonelli E ef a/. Novel oral therapies for mucosal healing in UC

healing on long-term outcomes in ulcerative colitis treated with
infliximab: a multicenter experience. Aliment Pharmacol Ther
2013; 37: 998-1004 [PMID: 23521659 DOI: 10.1111/apt.12289]
D'Amico F, Fiorino G, Furfaro F, Allocca M, Danese S. Janus
kinase inhibitors for the treatment of inflammatory bowel diseases:
developments from phase I and phase 11 clinical trials. Expert Opin
Investig Drugs 2018; 27: 595-599 [PMID: 29938545 DOI: 10.1080/
13543784.2018.1492547]

Hirahara K, Schwartz D, Gadina M, Kanno Y, O’Shea JJ.
Targeting cytokine signaling in autoimmunity: back to the future
and beyond. Curr Opin Immunol 2016; 43: 89-97 [PMID: 27821272
DOI: 10.1016/.c01.2016.10.001]

Flanagan ME, Blumenkopf TA, Brissette WH, Brown MF,
Casavant JM, Shang-Poa C, Doty JL, Elliott EA, Fisher MB, Hines
M, Kent C, Kudlacz EM, Lillie BM, Magnuson KS, McCurdy SP,
Munchhof MJ, Perry BD, Sawyer PS, Strelevitz TJ, Subramanyam
C, Sun J, Whipple DA, Changelian PS. Discovery of CP-690,550: a
potent and selective Janus kinase (JAK) inhibitor for the treatment
of autoimmune diseases and organ transplant rejection. J Med Chem
2010; 53: 8468-8484 [PMID: 21105711 DOI: 10.1021/jm1004286]
Dowty ME, Lin J, Ryder TF, Wang W, Walker GS, Vaz A,
Chan GL, Krishnaswami S, Prakash C. The pharmacokinetics,
metabolism, and clearance mechanisms of tofacitinib, a janus kinase
inhibitor, in humans. Drug Metab Dispos 2014; 42: 759-773 [PMID:
24464803 DOI: 10.1124/dmd.113.054940]

Pfizer: XELJANZ gets marketing authorization in EU for ulcerative
colitis. Available from: URL: http://www.rttnews.com/2921111/
pfizer-xeljanz-gets-marketing authorization-in-eu-for-ulcerative-
colitis.aspx

Sandborn WJ, Ghosh S, Panes J, Vranic I, Su C, Rousell S,
Niezychowski W; Study A3921063 Investigators. Tofacitinib,
an oral Janus kinase inhibitor, in active ulcerative colitis. N Eng/
J Med 2012; 367: 616-624 [PMID: 22894574 DOI: 10.1056/
NEJMoall12168]

Sandborn WJ, Panés J, Zhang H, Yu D, Niezychowski W, Su C.
Correlation Between Concentrations of Fecal Calprotectin and
Outcomes of Patients With Ulcerative Colitis in a Phase 2 Trial.
Gastroenterology 2016; 150: 96-102 [PMID: 26376350 DOI:
10.1053/j.gastro.2015.09.001]

Sandborn WJ, Su C, Sands BE, D’Haens GR, Vermeire S,
Schreiber S, Danese S, Feagan BG, Reinisch W, Niezychowski
W, Friedman G, Lawendy N, Yu D, Woodworth D, Mukherjee
A, Zhang H, Healey P, Panés J; OCTAVE Induction 1, OCTAVE
Induction 2, and OCTAVE Sustain Investigators. Tofacitinib as
Induction and Maintenance Therapy for Ulcerative Colitis. N Engl
J Med 2017; 376: 1723-1736 [PMID: 28467869 DOI: 10.1056/
NEJMoal606910]

Motoya S, Watanabe M, Kim HJ, Kim YH, Han DS, Yuasa H,
Tabira J, Isogawa N, Arai S, Kawaguchi I, Hibi T. Tofacitinib
induction and maintenance therapy in East Asian patients with
active ulcerative colitis: subgroup analyses from three phase
3 multinational studies. Intest Res 2018; 16: 233-245 [PMID:
29743836 DOI: 10.5217/ir.2018.16.2.233]

Long-term study of CP-690, 550 In subjects with ulcerative colitis
(OCTAVE). ClinicalTrials.gov Identifier: NCT01470612. Available
from: URL: https://clinicaltrials.gov/ct2/show/study/NCT01470612
Sands BE, Moss AC, Armuzzi A, Marshall JK, Lindsay JO,
Sandborn WJ, Danese S, Tsilkos K, Lawendy N, Zhang H,
Friedman GS, Chan G, Krichbaum DW, Su C. Efficacy and safety
of dose escalation to tofacitinib 10 mg BID for patients with
ulcerative colitis following loss of response on tofacitinib 5 mg BID
maintenance therapy: results from OCTAVE open. J Crohn's Colitis
2018 12 (suppl): S049-S049

Roskoski R Jr. Janus kinase (JAK) inhibitors in the treatment of
inflammatory and neoplastic diseases. Pharmacol Res 2016; 111:
784-803 [PMID: 27473820 DOI: 10.1016/j.phrs.2016.07.038]
Sands BE, Sandborn WJ, Feagan BG, Lichtenstein GR, Zhang
H, Strauss R, Szapary P, Johanns J, Panes J, Vermeire S, O’Brien
CD, Yang Z, Bertelsen K, Marano C; Peficitinib-UC Study Group.
Peficitinib, an Oral Janus Kinase Inhibitor, in Moderate-to-severe

WIJG | https:/ /www.wjgnet.com

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Ulcerative Colitis: Results From a Randomised, Phase 2 Study.
J Crohns Colitis 2018; 12: 1158-1169 [PMID: 29917064 DOI:
10.1093/ecco-jcc/jjy085]

A Study to Evaluate the Safety and Efficacy of Upadacitinib
(ABT-494) for Induction and Maintenance Therapy in Subjects
With Moderately to Severely Active Ulcerative Colitis (UC).
Available from: URL: https://clinicaltrials.gov/ct2/show/NCT02819
635?term=upadacitinibcond=Ulcerative+Colitis. ClinicalTrials.gov
Identifier: NCT02819635

A Study to Evaluate the Long-Term Safety and Efficacy of
Upadacitinib (ABT-494) in Subjects With Ulcerative Colitis (UC).
ClinicalTrials.gov Identifier: NCT03006068. Available from: URL:
https://clinicaltrials.gov/ct2/show/NCT03006068?term=upadacitini
beond=Ulcerative+Colitisrank=1

Pyne NJ, Pyne S. Sphingosine 1-Phosphate Receptor 1 Signaling
in Mammalian Cells. Molecules 2017; 22 [PMID: 28241498 DOI:
10.3390/molecules22030344]

Peyrin-Biroulet L, Christopher R, Behan D, Lassen C. Modulation
of sphingosine-1-phosphate in inflammatory bowel disease.
Autoimmun Rev 2017; 16: 495-503 [PMID: 28279838 DOI:
10.1016/j.autrev.2017.03.007]

White JR, Phillips F, Monaghan T, Fateen W, Samuel S, Ghosh
S, Moran GW. Review article: novel oral-targeted therapies in
inflammatory bowel disease. Aliment Pharmacol Ther 2018; 47:
1610-1622 [PMID: 29672874 DOI: 10.1111/apt.14669]

Sandborn WJ, Feagan BG, Wolf DC, D’Haens G, Vermeire S,
Hanauer SB, Ghosh S, Smith H, Cravets M, Frohna PA, Aranda
R, Gujrathi S, Olson A; TOUCHSTONE Study Group. Ozanimod
Induction and Maintenance Treatment for Ulcerative Colitis. N Engl
J Med 2016; 374: 1754-1762 [PMID: 27144850 DOI: 10.1056/
NEJMoal513248]

Safety and efficacy trial of RPC1063 for moderate to severe ulcerative
colitis. ClinicalTrials.gov Identifier: NCT02435992. Available from:
URL.: https://clinicaltrials.gov/ct2/show/NCT02435992

Open-label extension of RPC1063 as therapy for moderate to severe
ulcerative colitis. ClinicalTrials.gov Identifier: NCT02531126.
Available from: URL: https://clinicaltrials.gov/ct2/show/
NCT02531126

Safety and efficacy of etrasimod (APD334) in patients with
ulcerative colitis. ClinicalTrials.gov Identifier: NCT02447302.
Available from: URL: https://clinicaltrials.gov/ct2/show/
NCT02447302

Park SC, Jeen YT. Anti-integrin therapy for inflammatory bowel
disease. World J Gastroenterol 2018; 24: 1868-1880 [PMID:
29740202 DOI: 10.3748/wjg.v24.i117.1868]

Yoshimura N, Watanabe M, Motoya S, Tominaga K, Matsuoka
K, Iwakiri R, Watanabe K, Hibi T; AJIM300 Study Group. Safety
and Efficacy of AJM300, an Oral Antagonist of o4 Integrin, in
Induction Therapy for Patients With Active Ulcerative Colitis.
Gastroenterology 2015; 149: 1775-1783.¢2 [PMID: 26327130 DOI:
10.1053/j.gastro.2015.08.044]

A study to evaluate the safety and efficacy of AIM300 in
participants with active ulcerative colitis. ClinicalTrials.
gov Identifier: NCT03531892. Available from: URL: https://
clinicaltrials.gov/ct2/show/NCT03531892

Ehehalt R, Wagenblast J, Erben G, Lehmann WD, Hinz U, Merle
U, Stremmel W. Phosphatidylcholine and lysophosphatidylcholine
in intestinal mucus of ulcerative colitis patients. A quantitative
approach by nanoElectrospray-tandem mass spectrometry. Scand J
Gastroenterol 2004; 39: 737-742 [PMID: 15513358 DOI: 10.1080/
00365520410006233]

Schneider H, Braun A, Fiillekrug J, Stremmel W, Ehehalt R. Lipid
based therapy for ulcerative colitis-modulation of intestinal mucus
membrane phospholipids as a tool to influence inflammation. Int
J Mol Sci 2010; 11: 4149-4164 [PMID: 21152327 DOI: 10.3390/
ijms11104149]

Stremmel W, Merle U, Zahn A, Autschbach F, Hinz U, Ehehalt R.
Retarded release phosphatidylcholine benefits patients with chronic
active ulcerative colitis. Gut 2005; 54: 966-971 [PMID: 15951544
DOLI: 10.1136/gut.2004.052316]

December 21, 2018 | Volume 24 | Issue 47 |



Antonelli E et a/. Novel oral therapies for mucosal healing in UC

51 Karner M, Kocjan A, Stein J, Schreiber S, von Boyen G, Uebel P, “LT-02” in ulcerative colitis: a randomized, placebo-controlled trial
Schmidt C, Kupcinskas L, Dina I, Zuelch F, Keilhauer G, Stremmel in mesalazine-refractory courses. Am J Gastroenterol 2014; 109:
W. First multicenter study of modified release phosphatidylcholine 1041-1051 [PMID: 24796768 DOI: 10.1038/ajg.2014.104]

P- Reviewer: Efthymiou A, Martin-Villa JM, Yokoyama K
S- Editor: Wang XJ L- Editor: Filipodia E- Editor: Huang Y

Raishidenge ~ WJG | https:/ /www.wjgnet.com 5330 December 21, 2018 | Volume 24 | Issue 47 |



JRnishideng®

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https:/ /www.wjgnet.com

ISSN1007-9327

© 2018 Baishideng Publishing Group Inc. All rights reserved.




	组合 1
	WJGv24i47-Cover
	WJGv24i47Contents

	WJG-24-5322
	WJGv24i47Back Cover

