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Abstract

Purpose of review Significant advances in the discovery of novel therapeutic targets for
inflammatory bowel disease address a crucial need for patients refractory to available treat-
ment options. We will review the recent literature and data available for novel therapies
for adult patients with Crohn’s disease (CD) and ulcerative colitis (UC), limited to those
currently in phase III trials with a focus on clinical endpoints and safety.

Recent findings Emerging therapeutic agents currently in phase III trials including IL-23
inhibitors (risankizumab, guselkumab, and mirikizumab), JAK inhibitors (filgotinib and
upadacitinib), and S1P1 modulators (ozanimod and etrasimod) are effective in the treat-
ment of patients with moderate to severe CD and UC. Therapies with greater selectivity,
including IL-23 inhibitors, have favorable safety profiles. Small molecules including JAK
inhibitors and S1P receptor modulators are both orally administered and non-immunogenic.
Emerging novel agents recently approved or currently in phase III trials appear to be
effective and safe for the treatment of CD and UC and will expand options for medically
refractory patients. Future comparative effectiveness studies and progress in precision
medicine may influence therapy selection.

Abbreviations

AE Adverse events

CD Crohn'’s disease

FDA Food and Drug Administration
HDL High-density lipoprotein

IgG Immunoglobulin G

IBD Inflammatory bowel disease
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Upadacitinib as induction and maintenance therapy in CD (phase II)
Ozanimod as induction and maintenance therapy in UC (phase II)
Ozanimod as induction and maintenance therapy in UC (phase III)

IL Interleukin

v Intravenous

JAK/STAT Janus kinase/signal transducer and activator of transcription
LDL Low-density lipoprotein

MS Multiple sclerosis

S1P Sphingtosine-1-phosphate

SC Subcutaneous

TNFa Tumor necrosis factor a

BID Twice-daily

uc Ulcerative colitis

UEGW United European Gastroenterology Week

UNITI Ustekinumab as induction and maintenance therapy in CD
IM-UNITI Ustekinumab as maintenance therapy in CD

UNIFI Ustekinumab as induction and maintenance therapy in UC
LUCENT Mirikizumab therapy in UC (phase III)

SERENITY Mirikizumab therapy in CD (phase II)

VIVID-1 Mirikizumab therapy in CD (phase III)

GALAXI Guselkumab therapy in CD (phase II/1II)

QUASAR Guselkumab therapy in UC

OCTAVE Tofacitinib as induction and maintenance therapy in UC
FITZROY Filgotinib therapy in CD (phase II)

DIVERSITY, DIVERGENCE  Filgotonib therapy in CD (phase II/III)

SELECTION Filgotinib therapy in UC (phase IIb/III)

CELEST

TOUCHSTONE

True North

STEPSTONE

Ozanimod as induction and maintenance therapy in CD (phase II)

Introduction

The introduction of monoclonal antibodies
directed against tumor necrosis factor a (TNFa)
transformed the management of inflammatory
bowel disease (IBD). However, the remission rate
with TNFa antagonists is 50-69%, nearly 40% of
patients lose response after 1 year of treatment,
and those who lose response have lower rates of
response to subsequent TNFa antagonists and simi-
larly other biologic agents [1-4]. Despite advances
in biologics with alternative mechanisms of action,
the current response ceiling for biologic therapy

across various classes is 65% in both Crohn’s dis-
ease (CD) and ulcerative colitis (UC). This is likely
due to treatment-related immunogenicity and
multiple upregulated pathways for which there are
continued strides towards novel therapeutic targets.
We will review the recent literature published and
additional data available for novel therapies for
adult patients with IBD, limited to those currently
in phase III trials with a focus on clinical endpoints
and safety.
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Interleukin (IL)-12/IL-23 inhibition

The cytokines IL-12 and IL-23 play a critical role in the pathogenesis of IBD,
playing a vital role in lymphocyte differentiation of the innate immune
response. They are composed of a shared p40 chain which pairs with a p35
chain to form IL-12 and a p19 chain to form IL-23. The gene encoding the
IL-23 receptor and the locus for the gene encoding the p40 chain have been
identified as risk factors for IBD through genome-wide association studies. [5]

|
Ustekinumab

Ustekinumab is a human immunoglobulin G1 (IgG;) monoclonal antibody
which targets the shared p40 subunit of IL-12 and IL-23 and is approved for
both CD and UC. UNITI-1, UNITI-2, and IM-UNITI substantiated its efficacy
in CD over placebo [6]. In the long-term extension study, continued treatment
with ustekinumab through 152 weeks resulted in maintained response and
remission in a majority of patients, no new safety signals, and a low rate of
antibodies to ustekinumab (4.6%) [7]. Those with CD who did not respond
to standard maintenance dosing of 90 mg every 8 weeks showed improved
activity with a shortened interval of 90 mg every 4 weeks. [8] Data from three
phase III trials showed significantly higher week 8 endoscopic response with
ustekinumab compared to placebo based on reduction of SES-CD score from
baseline (2.8 vs 0.7, p=0.012). [9]

The UNIFI study proved the efficacy of ustekinumab in the treatment of
UC with 961 patients assigned to ustekinumab (130 mg or 6 mg/kg) intrave-
nously (IV) versus placebo during induction followed by a maintenance of
ustekinumab 90 mg every 8 or 12 weeks subcutaneously (SC) versus placebo
for responders [10¢]. At the end of the 8-week induction period, ustekinumab
induced clinical remission (total Mayo score<2 and no sub-score>1) at a
significantly higher rate with both doses of 130 mg (15.6%) and 6 mg/kg
(15.5%) than placebo (5.3%) (p<0.001). Among those who responded to
induction therapy and underwent a second randomization, clinical remission
at week 44 was significantly higher among those assigned to ustekinumab
90 mg every 12 weeks (38.4%) and every 8 weeks (43.8%) compared to pla-
cebo (24%) (p=0.002 and p<0.001, respectively). The rate of adverse events
(AE) was similar among the ustekinumab 130 mg dose, 6 mg/kg dose, and
placebo during induction (41.4%, 50.6%, 48.0%) and maintenance phase
with 90 mg every 8 weeks dosing, every 12 weeks dosing, and placebo (77.3%,
69.2%, 78.9%). There were 3 deaths, 7 cancers, and 4 opportunistic infections
in patients receiving ustekinumab. 10e.

While the effect of ustekinumab may be secondary to blockade of 1L-12,
IL-23, or both, sparing the blockade of IL-12 may keep the immune response
to pathogens intact with improved safety. [11].
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Selective IL-23 inhibition

Brazikumab, risankizumab, mirikizumab, and guselkumab are monoclonal
antibodies which selectively target the p19 subunit of IL-23.

|
Brazikumab

Brazikumab is a human IgG, monoclonal antibody. In a phase Ila, double-
blind, placebo-controlled study, adults with moderate-to-severe CD and prior
anti-TNFa therapy failure received IV brazikumab (700 mg) or placebo at
weeks 0 and 4 followed by open-label SC dosing (210 mg) every 4 weeks
from weeks 12 through 112 [12]. The primary outcome was clinical response
at week 8, defined by a CDAI score< 150 or a 100-point decrease in CDAI
from baseline. At week 8, those who received brazikumab had a significantly
higher rate of clinical response than placebo (49.2% vs 26.7%, p=0.010) and
of reaching the week 8 composite endpoint of clinical response and a 50%
reduction of either fecal calprotectin or C-reactive protein (42.4% vs 10%,
p<0.001). In the open-label period, clinical response, clinical remission, and
the composite outcome occurred in similar proportions among those receiv-
ing brazikumab and placebo at week 24; week 24 clinical response occurred
in 53.8% of patients who continued to receive brazikumab and in 57.7% of
those who had received placebo during the double-blind period. A favorable
safety profile was observed with the most common AEs of headache and
nasopharyngitis and a greater proportion of AEs occurring in the placebo
arm. Higher baseline concentrations of IL-22, whose expression is induced
by IL-23, were associated with a higher likelihood of response to brazikumab
compared to placebo [12].

Phase IIb/III studies are ongoing for patients with CD including paral-
lel arms for comparison to the TNFa inhibitor, adalimumab [13]. Phase II
studies and open-label extension are actively studying the efficacy and safety
of brazikumab in 375 patients with moderate-to-severe UC with parallel,
randomized assignment of three distinctive doses of brazikumab, standard
dosing of vedolizumab, and placebo [14].

|
Risankizumab

Risankizumab is a humanized IgG, monoclonal antibody. Similar to brazi-
kumab, risankizumab is administrated through IV induction followed by
SC dosing. Phase II data is available from 121 adult patients with moderate-
to-severe CD (79% prior anti-TNFa failure) across 36 international referral
sites [15]. Patients were randomized to risankizumab IV infusion doses of
200 mg and 600 mg and placebo, stratified by prior exposure to anti-TNFa
therapy, with a primary outcome of clinical remission (CDAI< 150) at week
12. Week 12 clinical remission was achieved in 24% of patients receiving
200 mg of risankizumab versus 37% receiving 600 mg (p=0.0252) and in
15% of placebo patients (pooled risankizumab remission vs placebo- 31%
vs 15%, p=0.049). Rates of AEs were comparable across all groups. The
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most common AEs were nausea and worsening of underlying CD activity;
no deaths occurred, and serious infection occurred in one patient receiving
risankizumab and three receiving placebo. [15].

The open-label extension study examined an extended IV induction
(600 mg every 4 weeks for 12 weeks) in those who had not achieved deep
remission (endoscopic and histologic remission) during the initial 12-week
induction period, and those who were in clinical remission at week 26
received open-label SC dosing of 180 mg every 8 weeks for 26 weeks. Remis-
sion was maintained in a high percentage of patients at week 52 (71%) with
maintenance of clinical response in 81%, endoscopic remission in 35%, and
endoscopic response in 55% of patients [16]. The results from the phase II
open-label extension revealed no new safety signals with nasopharyngitis
(31%), gastroenteritis (23%), and fatigue (20%) reported as the most com-
mon AEs; serious infections were reported in 9% and opportunistic infections
in 5% of patients. No malignancies or death occurred [17]. The phase III,
parallel-arm trial for moderate-to-severe CD has completed recruitment [18];
patients with UC are undergoing active enrollment in phase II/III trials [19].

|
Mirikizumab

Mirikizumab is a humanized IgG, monoclonal antibody. A phase II trial
studying its efficacy and safety was conducted in 249 patients with moderate-
to-severe UC over 12 weeks with a primary endpoint of week 12 clinical
remission (Mayo sub-score of 0 for rectal bleeding, with 1-point decrease
of stool frequency and endoscopic sub-score<1). Patients were randomized
to IV placebo, mirikizumab 50 mg or 200 mg with exposure-based dosing,
or mirikizumab 600 mg with fixed dosing at weeks 0, 4, and 8 weeks dur-
ing induction. Mirikizumab recipients with a clinical response at week 12
(decrease in 9-point Mayo score, including>2 points and >35% from baseline
with either a decrease of rectal bleeding sub-score of>1 or a rectal bleed-
ing sub-score< 1) were randomized to receive 200 mg SC every 4 weeks or
every 12 weeks during the maintenance period. At week 12, clinical remis-
sion rates were 4.8% with placebo versus 15.9% in the mirikizumab 50 mg
group (p=0.66), 22.6% in the 200 mg group (p=0.004), and 11.5% in the
600 mg group (0.142); endoscopic improvement rates were 6.3% in placebo
patients versus 23.8% in the mirikizumab 50 mg group (p=0.012), 30.6% in
the 200 mg group (p=0.0007), and 13.1% in the 600 mg group (p=0.215).
Of the 93 patients randomized to maintenance mirikizumab dosing, week
52 clinical remission rates were 53.7% and 39.7% for patients treated every 4
and every 12 weeks respectively. No differences were seen in early endoscopic
remission. Biologic-naive and experienced groups experienced similar pat-
terns of clinical remission and endoscopic response with rates numerically
higher among biologic-naive patients. The most frequent AEs included naso-
pharyngitis, cough, nausea, headache, and worsening UC disease activity [20].

Patients who had not met the week 12 clinical response criteria were
offered participation in an open-label, extended induction for an additional
12 weeks with either 600 mg or 1000 mg IV mirikizumab every 4 weeks fol-
lowed by 200 mg maintenance dosing. In patients who received the 12-week
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extension induction, clinical response was achieved in 50.0% of patients
with the 600 mg dose and 43.8% with the 1000 mg dose; 15.0% and 9.4%
achieved clinical remission, respectively. At week 24, maintenance of clinical
response was observed in 65.8%, clinical remission 26.3%, and endoscopic
improvement in 34.2%, with no new safety concerns [21].

Mirikizumab appears safe in the treatment of UC in patients who did
not respond to prior biologic therapies. Fifty percent of those who did not
respond to an initial 12-week induction showed clinical response with an
additional 12-week induction extension. The optimal dose is still being
investigated as study sizes were sufficient to evaluate clinical activity. Phase
III studies are actively recruiting patients with UC, examining patients with
prior biologic failure (LUCENT-1), IV and SC dosing (LUCENT-2), and the
open-label extension (LUCENT-3) [22].

Abstracts from the 2019 Digestive Diseases Week and 2020 United
European Gastroenterology Week (UEGW) summarized results of the
phase II (SERENITY) results examining mirikizumab for the treatment of
CD [23]. The phase 11, parallel-arm, double-blind study randomized 191
patients with moderate-to-severe CD with 2:1:1:2 allocation to IV 200 mg,
600 mg, and 1000 mg of mirikizumab and placebo at weeks 0, 4, and 8.
At week 12, the primary endpoint of endoscopic response (50% reduc-
tion from baseline SES-CD) was significantly greater for all mirikizumab
groups compared to 10.9% of patients receiving placebo (200 mg- 25.8%,
p=0.079), 600 mg- 37.5% p=0.003, 1000 mg- 43.8%, p<0.001). Endo-
scopic remission occurred in 1.6% of the placebo group compared to
15.6% and 20.3% of patients treated with 600 mg and 1000 mg of miriki-
zumab (p=0.032, p=0.009, respectively). Rates of clinical remission,
defined by patient-reported outcomes (PRO2 remission), were greater in
600 mg (28.1%) and 1000 mg (21.9%) mirikizumab groups compared
to placebo (6.3%) (p=0.005 and p=0.025, respectively). CDAI response
and remission rates were greater in all mirikizumab groups compared to
placebo, and the rates of AEs were similar to placebo and with the prior
safety profile established in UC patients [24]. Recipients of mirikizumab
during the 12-week induction who achieved >1 point improvement in
SES-CD were re-randomized to double-blind maintenance of IV treatment
every 4 weeks (N=41) versus 300 mg SC every 4 weeks (N=46). Due to
the sample size, the IV and SC arms were pooled. Endoscopic response
between the IV and SC groups was 56.1% vs 52.2% at week 12 and 58.5%
vs 58.7% at week 52; endoscopic remission rates were 14.6% vs 30.4% at
week 12 and 19.5% vs 32.6% at week 52. Sustained week 52 endoscopic
response and endoscopic remission were seen in 69.6% and 50% of the
IV group and 66.7% and 64.3% of the SC group. Similar frequencies
of treatment-emergent AEs and serious AEs were observed among both
groups [23].

Week 12 endoscopic remission appeared to be dose-dependent. During
the maintenance period of SERENITY, phase II data showed sustained effi-
cacy in patients with CD. The phase III study (VIVID-1) is actively recruiting,
including a parallel ustekinumab reference arm [25].
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|
Guselkumab

Guselkumab is a human IgG; monoclonal antibody. It is currently approved
in the treatment of plaque psoriasis, and phase II and III studies are ongo-
ing for the treatment of CD and UC. GALAXI1 is the phase II study in which
patients with moderate-to-severe CD (nearly 50% prior biologic failure) were
randomized to IV guselkumab 200 mg, 600 mg, 1200 mg, or placebo at weeks
0, 4, and 8, or ustekinumab 6 mg/kg IV at week 0 followed by 90 mg SC at
week 8 [26]. Data of the week 12 interim analysis of 250 enrolled patients
was presented at UEGW 2020 [27]. Compared to placebo, guselkumab at all
studied doses resulted in a significantly greater mean reduction in CDAI from
baseline (placebo--36.0, 200 mg--154.1, 600 mg--144.3, 1200 mg--149.5;
p<0.001) and a higher rate of clinical remission (CDAI< 150) (placebo-
15.7%, 200 mg- 54%, 600 mg- 56%, 1200 mg- 50%; p<0.001). In patients
with prior biologic failure, clinical remission was achieved in 45.5% of
patients treated with guselkumab and 12.5% with placebo. Compared to pla-
cebo, all guselkumab groups also resulted in higher rates of clinical biomarker
response (>50% reduction in CRP or fecal calprotectin from baseline with
clinical response) (placebo- 11.8%, 200 mg- 54%, 600 mg- 48%, 1200 mg-
42%; p<0.001), and endoscopic response (placebo- 11.8%, 200 mg- 36%,
600 mg- 40%, 1200 mg- 36%; p<0.001). Early endoscopic remission (SES-
CD<2) did not reach statistical significance but rates were higher than pla-
cebo at all doses (placebo- 3.9%, 200 mg- 16%, 600 mg- 10%, 1200 mg-
16%). Rates of AEs were similar across all groups; there were no reported
deaths or malignancies [27].

Guselkumab out-performed placebo in the week 12 interim analysis in
clinical response, remission, clinical biomarker response, and endoscopic
response in patients with moderate-to-severe CD. Phase I1/III trials are ongo-
ing (GALAXI 1, 2, 3) [26]. Phase IIb/III studies for the treatment of moderate-
to-severe UC (QUASAR) are actively recruiting [28°¢].

Janus kinase (JAK) inhibition

The Janus kinase/signal transducers and activator of transcription (JAK/STAT)
pathway play a critical role in regulatory immune function through signaling
pathways of cytokines, growth factors, and protein tyrosine kinases, which
are linked to the pathogenesis of IBD [29]. The JAK family comprises four
intracellular tyrosine kinases (JAK1, JAK2, JAK3, and tyrosine kinase 2).

Tofacitinib

Tofacitinib is an oral, small-molecule inhibitor of JAK 1 and 3 approved for
the treatment of UC since 2018. The OCTAVE induction and maintenance
trials proved the efficacy of tofacitinib in patients with UC with an 8-week
induction of 10 mg twice-daily (BID) dosing followed by either 5 mg or 10 mg
BID maintenance [30¢®]. Tofacitinib was noted to have a rapid onset of action
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and be efficacious in anti-TNFa experienced patients. The phase II study in
patients with moderate-to-severe CD failed to reach the primary endpoint
with a notably high placebo clinical remission rate of 46% at week 4 [31].
Two additional phase IIb multicenter, randomized, double-blind studies also
did not meet primary endpoints in patients with CD at week 8 or 26 at any
dose compared to placebo [32].

Based on OCTAVE safety data, tofacitinib is associated with increased risk
of herpes zoster infection (approximately 5.6% of patients based on compos-
ite data) and hyperlipidemia [30°®, 33]. Overall risks of infection and mor-
tality are similar to that observed from prior biologic agents [34]. However,
the Food and Drug Administration issued a 2019 black-box warning of an
increased risk of thromboembolism and mortality with a 10 mg BID dosage
based on interim analysis from a post-marketing trial for rheumatoid arthritis
[35]. In a post hoc analysis of 1157 patients with UC exposed to tofacitinib,
one patient developed deep vein thrombosis and four pulmonary embolism,
all during the open-label extension study, on 10 mg BID dosing (83% of the
overall cohort received a predominant dose of 10 mg BID dosing), and in the
presence of thromboembolism risk factors alongside UC [36].

Filgotinib

Filgotinib is an oral, small molecule with selective JAK1 inhibition. A rand-
omized, double-blind, placebo-controlled, European phase II study (FITZ-
ROY) examined the efficacy and safety of filgotinib in the treatment of
moderate-to-severe CD [37]. One hundred seventy-five patients were rand-
omized (3:1) to filgotinib 200 mg daily or placebo for 10 weeks; based on the
response at 10 weeks, patients received either filgotinib 200 mg, 100 mg, or
placebo for an additional 10 weeks. The primary endpoint of clinical remis-
sion (CDAI<150) at week 10 was achieved at a significantly higher rate with
filgotinib 200 mg compared to placebo (47% vs 23%, p=0.007). In the filgo-
tinib group, week 10 clinical remission occurred in 60% of anti-TNFa naive
patients (vs 13% placebo) and 37% of anti-TNFa exposed (vs 29% placebo).
Endpoints of early endoscopic response and remission occurred in a greater
proportion of filgotinib-treated patients, but were not significant. Pooled
analysis through week 20 showed a 3% rate of serious infection in the filgo-
tinib group and a 3% increase in the LDL to HDL ratio in patients treated with
filgotinib at week 20 versus a 10% increase in the placebo group [37]. Phase
III (DIVERSITY1), long-term extension studies (DIVERSITYLTE), and phase
II trials in the small bowel (DIVERGENCE1) and perianal (DIVERGENCE2)
disease are in process in the treatment of CD [38].

Results of the phase IIb/III study (SELECTION) evaluating filgotinib in the
induction and maintenance treatment of patients with moderate-to-severe
UC have been presented [39]. A cohort of biologic-naive (659 patients) and
biologic-exposed (689 patients) were randomized (2:2:1) to once-daily filgo-
tinib 200 mg, 100 mg, or placebo. In the induction study, the week 10 primary
endpoint (clinical remission) and secondary endpoints (endoscopic Mayo
sub-score< 1, rectal bleeding sub-score 0), histologic remission, endoscopic
improvement). A higher proportion of patients on filgotinib 200 mg per
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day achieved clinical remission in both biologic-naive and exposed patients
compared to placebo (26.1% vs 15.3%, p=0.0157; 11.5% vs 4.2%, p=0.0103)
as well as key secondary endpoints. The rates of AEs, serious AEs, and discon-
tinuation were similar among filgotinib and placebo groups during induc-
tion. In the filgotinib 200 mg group, one case of pulmonary embolus and
four cases of herpes zoster occurred [40]. In the maintenance study for 664
patients who achieved clinical remission with filgotinib during the 10-week
induction, patients were re-randomized to their induction filgotinib dose or
placebo; those who received placebo during induction continued placebo
maintenance.

A significantly higher proportion of patients on filgotinib achieved the
primary endpoint of endoscopic/rectal bleeding/stool frequency (EBS) remis-
sion at week 58 compared to placebo with both the 200 mg (37.2% vs 11.2%,
p<0.025) and 100 mg (23.8% vs 13.5%, p<0.05) doses. Patients in the filgo-
tinib 200 mg group also achieved higher proportions of secondary endpoints
compared to placebo, including 6-month corticosteroid-free clinical remis-
sion (27.2% vs 5.1%), sustained clinical remission (18.1% vs 9.2%), and
endoscopic remission (15.6% vs 13.3%). The rate of AEs was similar across
groups with one case of thromboembolism in the placebo group and two
cases of herpes zoster in the filgotinib arm (one with each dose) [39].

Upadacitinib

Upadacitinib is also an oral, small molecule with selective JAK1 inhibition. A
phase II, multicenter, double-blind study (CELEST) randomized 220 patients
with moderate-to-severe CD (thiopurine, methotrexate, or biologic-experi-
enced) to upadacitinib 3 mg, 6 mg, 12 mg, or 24 mg BID, 24 mg daily, or
placebo for the 16-week induction phase [41]. After induction, patients were
re-randomized to upadacitinib 3 mg or 12 mg BID, and 24 mg once daily for
a 36-week maintenance period. Clinical remission at week 16 was not sig-
nificantly higher among all upadacitinib groups compared to placebo (3 mg
BID- 13%, 6 mg BID- 27%, 12 mg BID- 11%, 24 mg BID- 22%, 24 mg/day-
14%, placebo- 11%); however, endoscopic remission with upadacitinib was
statistically higher than placebo in the 24 mg BID (22% vs 0%, p<0.01) and
24 mg daily (14% vs 0%, p<0.05) groups. At week 52, differences in clinical
remission, clinical response, and endoscopic remission were not significant
but highest in the upadacitinib 12 mg BID group. During induction, the
highest rate of AEs occurred in higher upadacitinib doses>12 mg BID. Nine
patients receiving upadacitinib developed a serious infection during induc-
tion and six during maintenance. One patient receiving upadacitinib 24 mg
BID developed herpes zoster during induction and two during the mainte-
nance period. Three malignancies (Hodgkin's disease, thymus cancer, and a
non-serious non-melanoma skin cancer) were reported in the upadacitinib
group; all patients had prior exposure to thiopurines and biologics. Patients
in the 12 mg and 24 mg BID upadacitinib groups had significant increases
in total, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)
cholesterol levels compared to placebo. During induction, two acute, serious
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intestinal perforations occurred in areas of active inflammation of CD in
patients receiving upadacitinib; no perforation occurred during maintenance.
One patient receiving upadacitinib 3 mg BID developed a mesenteric vein
thrombophlebitis; there were no thromboembolic events. No deaths occurred
during the study [41].

During the induction phase, endoscopic remission increased with upa-
dacitinib dose in patients with CD. A higher dose of upadacitinib appeared to
be associated with a higher rate of AEs including infection during induction;
however, a dose-dependent AE rate was not observed during the maintenance
phase. Phase III and long-term extension studies are ongoing for patients
with CD [42].

The phase IIb study of the U-ACHIEVE program randomized 250
immunosuppressive-experienced patients with moderate-to-severe UC
to upadacitinib 7.5 mg, 15 mg, 30 mg, or 45 mg daily or placebo [43].
The primary endpoint of week 8 clinical remission (adapted Mayo
score) was significantly higher in the 15 mg, 30 mg, and 45 mg groups
compared to 0% receiving placebo (14.3% p=0.013, 13.5% p=0.011,
19.6% p=0.002, respectively). Week 8 endoscopic improvement (Mayo
endoscopic sub-score < 1) was significantly higher than placebo (2.2%)
with all doses of upadacitinib (14.9% p=0.033, 30.6% p<0.001, 26.9%
p<0.001, 35.7% p<0.001, respectively). Rates of AEs were higher in
the placebo group and similar across all upadacitinib dose groups.
One patient developed moderate cutaneous herpes zoster in the 45 mg
upadacitinib group, one patient who received 7.5 mg was diagnosed
with melanoma later during the maintenance study, and one patient
in the 45 mg group developed thromboembolism 26 days after drug
discontinuation in the setting of hospitalization for UC-flare. Signifi-
cant increase in total, HDL, and LDL cholesterol levels occurred in
less than 5% of the upadacitinib group but higher across all treatment
doses [43]. Phase III and long-term extension studies are ongoing for
patients with UC [44].

Sphingosine-1-phosphate (S1P) receptor modulators

Sphingtosine-1-phosphate (S1P) is a lysophospholipid signaling molecule
which regulates lymphocyte migration from lymph nodes and recirculation
via extracellular activation of G-protein-coupled S1P1-S1P5 receptors. S1P
receptor modulators induce internalization and degradation of S1P receptors
on the lymphocyte surface, inhibiting lymphocyte release into circulation.
While S1P1, S1P4, and S1P5 regulate the immune system, S1P2 and S1P3
modulation may be associated with systemic risks (cardiovascular, pulmo-
nary, and cancer-related) [45]. The non-selective S1P receptor modulator fin-
golimod was approved in 2010 for the treatment of multiple sclerosis (MS);
due to associated AEs, more selective oral therapies were developed including
ozanimod and etrasimod for the novel use in IBD.
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|
0zanimod

Ozanimod is an oral selective agonist of S1P1 and S1P5 receptors previously
approved for the treatment of relapsing MS. Ozanimod was recently approved
by the Food and Drug Administration (FDA) for moderate-to-severe UC, and
data from phase II studies for moderate-to-severe CD treatment are available.

Approval for ozanimod in the treatment of moderate to severe UC is based
on data from phase II (TOUCHSTONE) and phase III (True North) studies in
patients with moderate-to-severe UC [46-50]. Contraindications to treatment
include patients who in the 6 months prior to treatment-experienced myocar-
dial infarction, unstable angina, stroke, transient ischemic attack, decompen-
sated or class III/IV heart failure, heart block or sick sinus syndrome unless
the patient has a pacemaker, and history of severe untreated sleep apnea or
active monoamine oxidase inhibitor use [46].

The double-blind, placebo-controlled phase II trial (TOUCHSTONE)
randomized 197 patients with moderate-to-severe UC to ozanimod 0.5 mg,
1 mg, or placebo daily for up to 32 weeks [47]. The primary outcome of
week 8 clinical remission (Mayo score<2, no sub-score>1) was 14% in
the ozanimod 0.5 mg group, 16% in the 1 mg group, and 6% with placebo
(p=0.14 and p=0.048, respectively). The exploratory outcome of week
8 clinical response was also significantly higher in the 1 mg ozanimod
group (57%) compared to placebo (37%) (p=0.02), and mucosal healing
(Mayo sub-score<1) occurred at a higher rate with both ozanimod 0.5 mg
(28%) and 1 mg (34%) compared to placebo (12%) (p=0.03 and p=0.002,
respectively). Patients with clinical improvement (n=103) entered a blind
maintenance phase. At week 32, 26% of the 0.5 mg group and 21% of
the 1 mg group achieved clinical remission compared to 6% with pla-
cebo (p=0.002, p=0.01, respectively). Similarly, week 32 mucosal heal-
ing and histologic remission were significantly higher in both ozanimod
groups compared to placebo. The trial was of insufficient size and length to
assess safety. From baseline to week 8, serum absolute lymphocyte counts
decreased by 32% in those receiving 0.5 mg of ozanimod and 49% in the
1 mg group; no patient in either group developed grade 4 lymphopenia. In
the ozanimod treatment group, one patient developed asymptomatic first-
degree atrioventricular block with sinus bradycardia and four developed
an increase in alanine aminotransferase [47].

Results from the phase III double-blind, placebo-controlled induction
and maintenance trial (True North) for ozanimod in the treatment of UC
were presented at UEGW 2020 [48-50]. During the induction phase, 645
patients were randomized (2:1) to ozanimod 1 mg daily or placebo (strati-
fied by exposure to anti-TNFa therapy and corticosteroid use at screening)
[48]. The primary endpoint of week 10 clinical remission (3 component
Mayo score: rectal bleeding sub-score 0, stool frequency sub-score<1,
endoscopy sub-score< 1) was achieved in significantly more patients receiv-
ing ozanimod 1 mg daily than placebo (18.4% vs 6%, p<0.0001); however,
in patients with prior exposure to anti-TNFas, the rate of clinical remis-
sion with ozanimod did not achieve significance over placebo (p=0.195).
Secondary endpoints of clinical response (decrease in 9-point Mayo score,
including>2 points and >35% from baseline with either a decrease of rectal
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bleeding sub-score of > 1 or a rectal bleeding sub-score<1), endoscopic
improvement, and mucosal healing rates were significantly higher with
ozanimod [48]. Patients with week 10 clinical response (n=457) were ran-
domized to maintenance ozanimod 1 mg daily or placebo [49, 50]. Week
52 clinical remission (3-component Mayo score) was significantly higher
with ozanimod compared to placebo overall (37% vs 18.5%, p<0.0001)
and in anti-TNFa experienced patients (28.9% vs 10.1%, p=0.0053). Oza-
nimod treatment produced higher rates of clinical response, endoscopic
improvement, and corticosteroid-free remission, and mucosal healing [49].

In terms of safety (ozanimod vs placebo), the most common induction-
period AEs were anemia (4.2% vs 5.6%), nasopharyngitis (3.5% vs 1.4%),
and headache (3.3% vs 1.9%); bradycardia (0.5% vs 0%) and serious infec-
tions (< 1% both groups) were infrequent. No serious AEs occurred during
the maintenance study; the most common treatment-emergent AEs were
alanine aminotransferase elevation (4.8% vs 0.4%) and headache (3.5%
vs 0.4%) [49, 50].

Data for the treatment of moderate-to-severe CD with ozanimod are
available from a phase II, uncontrolled, multicenter trial (STEPSTONE)
[51]. All patients (n=69) received a 7-day ozanimod dose escalation (4 days
of 0.25 mg daily, then 3 days of 0.5 mg daily) followed by 1 mg daily for
11 weeks followed by a 100-week extension period. The primary endpoint
was change in SES-CD from baseline to week 12: the mean change from
baseline SES-CD was-2.2 +6.0 and 23.2% (95% CI 13.9-34.9) patients
experienced an SES-CD decrease in>50%. The week 12 mean change in
CDAI was-130.4 + 103.9 and clinical remission (CDAI< 150) was achieved
in 39.1% (95% CI 27.6-51.6) and response (CDAI decrease of 2100) in
56.5% (95% CI 44.0-68.4) of patients. AEs were attributed to worsening
CD activity (26%); there were no cases of cardiovascular events reported
[51]. Phase IIT induction and maintenance studies are ongoing [52].

Etrasimod

Etrasimod is an oral selective agonist of S1P1, S1P4, and S1P5 receptors.
A phase II, proof-of-concept, double-blind study randomized 156 patients
with moderate-to-severe UC to once-daily etrasimod 1 mg, 2 mg, or placebo
for 12 weeks [53]. The primary endpoint was a week 12 improvement in the
modified Mayo score and was achieved with significance over placebo in the
etrasimod 2 mg group (mean difference from placebo 0.99 points; 90% CI
0.30-1.68 p=0.009) but not in the 1 mg group. Endoscopic improvement
was more significant with etrasimod 2 mg than placebo (41.8% vs 17.8%,
p=0.003). Additional week 12 secondary and exploratory endpoints were
achieved at higher rates with etrasimod 2 mg compared to placebo includ-
ing improvement in two-component Mayo score (p=0.002) and total Mayo
score (p=0.010), clinical response (50.6% vs 32.5%, p=0.03), clinical remis-
sion (33% vs 8.1%, p<0.001), histologic improvement (31.7% vs 10.2%,
p=0.006), and histologic remission (19.5% vs 6.1%, p=0.03). 55.1% of
patients reported one or more treatment-emergent AEs, with a higher rate of
drug discontinuation in the etrasimod group (3 patients receiving etrasimod
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1 mg and 4 receiving etrasimod 2 mg vs none in placebo). The most common
AEs in all groups included worsening of UC activity, upper respiratory tract
infection, nasopharyngitis, and anemia. First-degree atrioventricular block
occurred in two patients and second-degree atrioventricular block type I in
one patient receiving etrasimod 2 mg; all three patients had evidence of prior
atrioventricular block before etrasimod administration [53]. Phase II and
III induction and maintenance trials are active for patients with moderate-
to-severe UC [54]. A phase II/III study is actively recruiting patients with
moderate-to-severe CD for etrasimod induction and maintenance [55].

Combination therapy

Data are scarce examining the combination of therapies, secondary to
safety concerns with added immunosuppression and expected barriers of
insurance coverage. A 2018 case series of 6 patients with UC and 4 with CD
with active disease on anti-TNFa therapy reached clinical remission after
the addition of vedolizumab, with an increased risk of upper respiratory
infection [56]. More recently, a case series and meta-analysis were pub-
lished, consisting mainly of patients with CD receiving vedolizumab and
anti-TNFa therapy. The case series of 15 patients (14 with CD) included
eight patients who received vedolizumab with an anti-TNFa for a median
of 24 months; clinical response was observed in five patients and infection
in three [57]. The meta-analysis identified 30 cohort studies or case series
of 279 patients (nearly 80% with CD) followed for a median of 32 weeks
on either dual biologic or small-molecule therapy. The most common com-
binations were anti-integrin therapy with either anti-TNFa therapy (48%)
or ustekinumab (19%). Pooled rates of clinical and endoscopic remission
were 59% and 34% and AEs and serious AEs of 31% and 6.5% [58]. There
are only a few reports of IBD therapy combining vedolizumab with goli-
mumab, ustekinumab, or tofacitinib [57, 59, 60]. Calcineurin inhibitors
have been used in the acute setting of severe, steroid-refractory IBD as
induction or salvage therapy with vedolizumab in small prospective and
retrospective studies [61, 62] (Table 1).

Conclusion

Significant progress has been made in the discovery of novel therapeutic
targets in the treatment of IBD. This review features emerging therapeutic
agents currently in phase III trials, of which IL-23 inhibitors (risankizumab,
guselkumab, and mirikizumab), JAK inhibitors (filgotinib and upadaci-
tinib), and S1P1 modulators (0zanimod and etrasimod) are effective for the
treatment of CD and UC. Selective IL-23 inhibition has produced favorable
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safety profiles. Small molecules including JAK inhibitors and S1P receptor
modulators have advantages in being orally administered and non-immuno-
genic, resulting in ease of delivery and absence of immune-mediated loss of
response. A few highlighted agents also exhibited efficacy in biologic-exposed
patients, for whom the long-term success of novel therapies is crucial and
promising. Future algorithms, comparative studies, and advances in precision
medicine may help guide the selection of novel therapies.
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