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New biologics and small molecules in
inflammatory bowel disease: an update
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Abstract: Inflammatory bowel disease (IBD) is a spectrum of immune-mediated inflammatory
disorders with a complex multifactorial pathogenesis, where different pathways may
predominate in different individuals. This complexity will most likely require a panoply of
drugs targeting different pathways if one wants to treat to steroid-free sustained remission
and mucosal healing. Presently, the mainstay of medical management of IBD is based on
5-aminosalicylates, corticosteroids, thiopurines, methotrexate, antitumor necrosis factor,
anti-alpha4 beta7 (a.4B7) integrin and anti-interleukin (IL)-12/IL-23 therapies. The discovery
of new pathways involved in the pathogenesis of IBD resulted in new drugs targeting Janus
kinase/signal transducers and activators of transcription, IL-6, spingosine-1-phosphate, and
phosphodiesterase 4, among others. These new therapies might result in more advantageous
safety profiles. Several of these new drugs have already been successfully tested in other
inflammatory disorders, such as psoriasis or rheumatoid arthritis. In this review, evidence
from phase Il and phase Ill randomized controlled clinical trials in patients with IBD involving
new biologicals and small molecules are summarized.
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Introduction

Crohn’s disease and ulcerative colitis are the two
extreme phenotypes of the spectrum of inflam-
matory bowel diseases (IBDs). These are chronic
relapsing diseases, originating mostly during
adolescence and young adulthood, and charac-
terized by chronic inflammation along the gastro-
intestinal tract with invalidating symptoms of
bloody diarrhea, abdominal pain, weight loss and
fatigue.!

Being a systemic disease, IBD can also be associ-
ated with extra-intestinal manifestations. Between
6% and 47% of patients with IBD suffer at least
from one extra-intestinal manifestation, being
dermatological (e.g. pyoderma gangrenosum, ery-
thema nodosum), ocular (e.g. uveitis, conjunctivi-
tis), rheumatological (e.g. spondyloarthropathy,
arthralgia) or hepatic disorders (e.g. primary scle-
rosing cholangitis, PSC), among others.?

The pathogenesis of IBD is intricate and has yet
to be fully understood. A complex interaction

between genetic, immunological, microbial and
environmental factors may explain the increasing
incidence of IBD around the world.3?*

The therapeutic options for Crohn’s disease or
ulcerative colitis include corticosteroids, 5-ami-
nosalicylates, thiopurines, methotrexate, cal-
cineurin inhibitors, and biological therapies. The
choice between the different medical therapies
depends on several factors such as disease loca-
tion and severity, medical and surgical history,
age, comorbidities, extra-intestinal manifesta-
tions, local guidelines, pricing, and treatment
availability.>-®

Currently, there are three classes of biologicals
available to treat IBD. These are antagonists to
tumor necrosis factor (TNF), anti-integrins and
inhibitors of interleukin (IL) 12/IL-23.
Unfortunately, primary nonresponse is observed
in 20-30% of patients, and another 30% of
patients become refractory due to secondary loss
of response.
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In this context, several new drugs have recently
been tested in phase II or III trials in patients with
IBD (Table 1).

Janus kinase inhibitors

Janus kinases (JAKSs) are intracellular nonrecep-
tor tyrosine kinases that play a key role in signal-
ing transduction for several extracellular
molecules such as cytokines and growth factors.
JAK1, JAK2, JAK3 and tyrosine kinase 2 (TYK?2)
are the four JAKs belonging to this family. The
activation of cell-membrane receptors by circulat-
ing cytokines results in the phosphorylation of
signal transducers and activators of transcription
(STATs) by the JAK family members.”
Phosphorylated STATSs will translocate to the
nucleus and bind to specific DNA elements
allowing for direct transcription. The JAK/STAT
pathway is involved in an array of essential pro-
cesses such as cell proliferation, growth, differen-
tiation and migration (Figure 1).

Blocking the JAK/STAT pathway results in inhi-
bition of several pro-inflammatory cytokines.
Hereby, the JAK/STAT pathway has become a
very attractive target in IBD. However, as JAK/
STAT is also involved in important biological
processes, such as erythropoiesis, immune
response and tolerance, and protection against
tumors, selectivity is important and vigilance for
side effects is needed.®

The small molecule tofacitinib is an oral pan-JAK
inhibitor, with preferential inhibition of JAK1 and
JAK3. The OCTAVE trials were three multi-
center, double-blind, randomized controlled tri-
als (RCTYs) in patients with moderately to severely
active ulcerative colitis. OCTAVE 1 and 2 were
two identical phase III induction trials. The
remission rates at 8weeks were 18.5% in the
tofacitinib group (10 mg twice a day, BID) wversus
8.2% in the placebo group in OCTAVE 1, and
16.6% wversus 3.6% in OCTAVE 2. Centrally
assessed mucosal healing was more frequent in
patients taking tofacitinib than in patients taking
placebo (OCTAVE 1: 31.3% oversus 15.6%;
OCTAVE 2: 28.4% wversus 11.6%). Patients with
clinical response in the induction trials were eligi-
ble for the follow-up trial OCTAVE Sustain. At
52 weeks, more patients taking tofacitinib were in
remission than patients taking placebo (remission
rate of 34.3% in the 2 X 5mg tofacitinib group,
40.6% in the 2 X 10mg tofacitinib group, and

11.1% in the placebo group).® Tofacitinib was
also tested in two phase II multicenter, double-
blind RCTs in Crohn’s disease but failed to dem-
onstrate efficacy.1%1!1 The reasons for the lack of
efficacy in Crohn’s disease as opposed to
ulcerative colitis may be multiple and explained
by different disease characteristics, patient char-
acteristics (high steroid intake), and trial design
(no central endoscopic reading). In the OCTAVE
1 and 2 studies, tofacitinib was associated with
higher risk for infection. A higher risk for herpes
zoster infection was reported in the OCTAVE
Sustain study. Both in the induction and mainte-
nance trials, abnormal lipid and creatine kinase
levels were more frequent in the tofacitinib group.
Tofacitinib has now been approved by the
European Medicine Agency and by the US Food
and Drug Administration (FDA) for patients with
ulcerative colitis, rheumatoid arthritis, and psori-
atic arthritis.

Recent blinded data from a trial in patients with
rheumatoid arthritis showed a fivefold increase in
pulmonary embolisms in those patients treated
with 2 X 10 mg tofacitinib compared with patients
treated with infliximab. Of note, all patients
included in this trial needed to have a significant
cardiovascular risk and data on the absolute risk
are currently unknown. Although the FDA
alerted the public, they did not force a stop of the
higher dose of 2 X 10mg tofacitinib in other
patient populations, including ulcerative colitis.

Filgotinib is a selective JAK1 inhibitor that has
been tested in patients with Crohn’s disease. The
FITZROY study, a phase II double-blind RCT,
included patients with moderate-to-severe
Crohn’s disease based on centrally read endosco-
pies. Clinical remission was significantly more
frequent after 10weeks of treatment in patients
taking filgotinib (200 mg once daily, QD) than in
patients taking placebo (47% in the filgotinib
group wversus 23% in the placebo group).
Interestingly, recruitment based on centrally read
endoscopies resulted in a high rate of screening
failure (44%), mainly due to insufficient endo-
scopic severity, reflecting the importance of
patient selection in RCTs. The safety profile of
filgotinib was acceptable; however, patients tak-
ing filgotinib were more prone to serious infec-
tions.!? Phase III trials are ongoing in patients
with Crohn’s disease and ulcerative colitis
[ClinicalTrials.gov identifiers: NCT02914561
and NCT02914522, respectively].
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Another selective JAK1 inhibitor, upadacitinib,
. g o has recently been tested in two dose-ranging
3 o| & phase II RCTs. In the CELEST trial, patients
(8} < o | <5 . . s .
= aa e with moderate-to-severe active Crohn’s disease
3 . .
c 3 were randomized to receive placebo or one of five
c : d dt placeb f fi
7'"", ; . doses of upadacitinib (3, 6, 12 or 24mg BID, or
= N = 24mg QD). Clinical and endoscopic improve-
8 é g § £ ments were observed in patients exposed to upa-
ElaglE © o dacitinib, with a significant dose-response
olojo o 1150 relationship.!> Patients who completed the
= a . . .
£ 16-week induction phase were rerandomized to
Z e receive upadacitinib at 3mg BID, 12mg BID or
S 3 m or weeks. Durin e trial, the
. £8 24mg QD for 36weeks. During the trial, th
E 3 < 24mg QD arm was replaced by a 6mg BID arm
pu— — . . .
= 2 % to study an intermediate maintenance dose. At
QI 0 :I-%L) week 52, a dose-response relationship was
= 3 R observed in clinical and endoscopic remission.!4
5 = 88 In patients with moderate-to-severe ulcerative
= & 2s b o . ;
S colitis, upadacitinib was given at four differen
S 3 32 1 pad b g t four different
——) .
§ 2 g doses (U-ACHIEVE trial: 7.5mg QD, 15mg
o 30_ f’i g QD, 30mg QD, 45mg QD) that differed from
3 o 5% the ones administered in the CELEST trial. At
s o §§ doses higher than 15mg per day, upadacitinib
g £ E2 induced significant clinical (14.3% wversus 0%)
= (0] = . o e
v o Ry and endoscopic remission .6% versus 2.2%
c o © £ d end p 30.6% 2.2%
£ g = SS9 % after 8weeks of treatment. These effects were
- 2 <EE o B é more evident with the highest dose of 45mg
S . . .
° E ¢ & ﬁ% = per day, confirming a significant dose-response
N = . . . .
E E g ° 2 2 2 relationship. Adverse events rates were similar
b — o . . . .
P S 2 S |LE 5 across all groups. Phase III trials in patients with
K= o) < . .. . . .
g g %‘ 2 ‘é.g % Crohn’s disease [ClinicalTrials.gov identifiers:
= T o £ Z. % o NCT03345836 and NCT03345849] and ulcera-
o . o . o« . . . .
Oy B tive colitis [ClinicalTrials.gov identifiers: NCT03
&3 @ 653026, NCT02819635, and NCT03006068]
L O bl b
Qa - g .
. =% D are ongoing.
() (8] e ) ©
! PR
. il Ts ©
£ e 2 o2 S In addition to the abovementioned JAK inhibi-
[0} © —_ c = e . . .
-E N = g ® tors, peficitinib has also been tested in patients
: 3 et . . .« . .
< o - B § g 2 with ulcerative colitis. A recently published phase
‘:}E £ IT dose-ranging RCT in patients with moderate-
g & < to-severe ulcerative colitis evaluated the efficacy
o 3 = é = and safety of peficitinib at 25 mg QD, 75 mg QD,
©
E € wlos T 75mg BID, and 150mg QD wversus placebo.!®
= c
.é 3 2|k =& After 8weeks of treatment, a trend toward
o S & % 5 E :cf increased clinical and endoscopic remission was
=3 — [l =
= g’—:’ L 2les 3 observed at doses > 75 mg per day. However, no
gé 2 signiﬁcant' dose—re.sponse ' relation'sk'lip was
= EET ¢z observed in the patients taking peficitinib. The
o) T © S .. .
S YER S safety profile of peficitinib was comparable with
c S| cc0o >
= S| ES ez the placebo group. Future trials are needed to
< S|595zst > )
O E|<EE Ty evaluate peficitinib at higher doses.
- S lao2ox>>
<|a 5 |5528% . o
2| = R =9 While the safety profile of the JAK inhibitors is
i o |8ESES generally acceptable, long-term safety studies in
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Figure 1. The JAK-STAT signaling pathway is involved in several processes.
This figure was made with Servier Medical Art templates, which are licensed under a Creative Commons Attribution 3.0

Unported License: https://smart.servier.com.

The presence of the ligand leads to receptor dimerization. Subsequently, JAK transphosphorylation takes place which
allows for STAT recruitment and phosphorylation. Once phosphorylated, STATs will make dimers, which will translocate and
promote transcription in the nucleus. Different JAK combinations will lead to different effects. Several JAK inhibitors are

being studied in inflammatory bowel disease.

EPO, erythropoietin; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; JAK,
Janus kinase; P, phosphorylated; STAT, signal transducer and activator of transcription protein; TPO, thrombopoietin.

rheumatologic populations and in patients with
ulcerative colitis taking tofacitinib, reported a
higher risk for reactivation of herpes zoster.%16
This increased risk may be a class effect of all JAK
inhibitors, as it is hypothesized to be related to the
inhibition of interferon and IL-15.17 The increase
in selectivity of some JAK inhibitors is expected
to result in better safety profiles. Nevertheless,
whether the increased selectivity of newer JAK
inhibitors will lead to a better safety profile still
needs to be demonstrated. The data supporting
the inhibition of one specific JAK above the other
is still lacking. A phase II RCT comparing a
JAKI1-inhibitor, a JAK3-inhibitor, and placebo in
patients with ulcerative colitis is ongoing
[ClinicalTrials.gov identifier: NCT02958865].

Anti-ILé therapy

The pleiotropic cytokine IL-6 plays an important
role in several pro-inflammatory pathways, acting
through the induction of proliferation and differ-
entiation of T cells, differentiation of B cells and

regulation of the production of acute-phase reac-
tants (e.g. C-reactive protein, CRP).!8 Therefore,
IL-6 is a potential therapeutic target in inflamma-
tory disorders. PF-04236921 is a subcutaneously
administered fully human monoclonal antibody
that binds to IL-6. In the ANDANTE I trial, a
multicenter, double-blind phase II RCT, patients
with moderate-to-severe Crohn’s disease who
failed anti-TNF therapy were randomized to
receive subcutaneous placebo or PF-04236921
10, 50 or 200mg, on days 1 and 28. In a separate
trial investigating the efficacy and safety of
PF-04236921 in patients with systemic lupus ery-
thematosus, three deaths were reported in the
arm receiving 200mg QD.!° This led to the early
termination of patient enrolment in the 200mg
arm. The primary endpoint of the ANDANTE I
trial [Crohn’s Disease Activity Index (CDAI)-70
response rate at week 8 or 12] was met for the
50mg QD group. Endoscopic endpoints were not
assessed as endoscopy was not mandatory.
Patients who completed the 12-week induction
phase were included in the ANDANTE II, an
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Figure 2. S1P mechanisms of action.
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This figure was made with Servier Medical Art templates, which are licensed under a Creative Commons Attribution 3.0

Unported License: https://smart.servier.com.

(a) S1P binds to five known receptors (S1P1, S1P2, S1P3, S1P4, and S1P5), each promoting distinct functions; (b) dendritic
cells migrate to lymph nodes and present antigens to T cells. The binding of S1P to the S1P receptors promotes the egress
of activated T cells from the lymph nodes to the lymph, following the S1P gradient. S1P modulators block this binding,
resulting in a decrease of circulating blood lymphocytes. Ozanimod blocks the binding of S1P to receptor S1P1 and S1P5.

Etrasimod selectively blocks receptor S1P1.

DC, dendritic cell; NK cell, natural-killer cell; STP, sphingosine-1-phosphate; TC, T cell; Ty17, T-helper cell 17.

open-label extension trial designed for safety
analysis. In this extension study, patients received
subcutaneous PF-04236921 50 mg every 8 weeks.
The development of PF-04236921 was halted
after reports of intestinal gastrointestinal perfora-
tions in different patient populations.

S1P modulators

Naive T lymphocytes play a key role in immune
surveillance. Activation of these lymphocytes
occurs in secondary lymphoid organs, such as the
spleen, lymph nodes and Peyer’s patches. The
chemoattractant sphingosine 1-phosphate (S1P)
guides lymphocyte circulation through these lym-
phoid organs in a gradient-dependent manner.20
S1P is also involved in other processes such as
angiogenesis, vascular permeability, and cancer
growth and metastasis. There are five S1P recep-
tors subtypes (S1P, ;) that modulate the various
actions of S1P.2! Ozanimod, amiselimod and
etrasimod are agonists of S1P;, blocking the S1P
gradient-dependent egress of lymphocytes from
the lymph nodes (Figure 2).

Ozanimod is an oral S1P, and S1P; agonist that
was previously tested in patients with relapsing
multiple sclerosis. In a double-blind phase II
RCT, the efficacy and safety of ozanimod in
patients with moderate-to-severe ulcerative colitis
was evaluated. Clinical remission at week 8 was
observed in 16% of patients receiving ozanimod
1mg QD, 14% of patients receiving ozanimod
0.5mg QD, and in 6% of patients receiving pla-
cebo. The difference between the 1.0mg and pla-
cebo groups was statistically significant. Patients
receiving ozanimod 1 mg QD achieved histologic
remission more frequently than patients receiving
placebo (22% wersus 11 %). Adverse events were
similar in all groups.22 Phase III trials for Crohn’s
disease [ClinicalTrials.gov identifiers: NCTO03
440372, NCT03440385 and NCT03464097]
and ulcerative colitis [ClinicalTrials.gov identifi-
ers: NCT02435992 and NCT02531126] are
ongoing.

Etrasimod is an S1P,, S1P,, and S1P, modulator.
In the phase II dose-ranging OASIS study,
patients with moderate-to-severe ulcerative colitis
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were given etrasimod 1 mg QD, etrasimod 2mg
QD or placebo. A dose-dependent significant
response was observed in the primary (change
from baseline in three components of the Mayo
Clinic score) and secondary endpoints (endo-
scopic improvement, clinical response, and clini-
cal remission). In the group receiving etrasimod
2mg QD, a decrease of 57% in the lymphocyte
count in comparison with baseline was observed
at week 12. Adverse event rates were similar
among all groups.?3 Phase II and III studies in
patients with Crohn’s disease and ulcerative coli-
tis are underway.

S1P modulators are also used for the treatment of
multiple sclerosis. Owing to their action in the
central nervous system, the risk of progressive
multifocal leukoencephalopathy (PML) has been
closely followed. The risk of PML is low in the
patients treated with fingolimod. Ozanimod and
etrasimod are more selective than fingolimod,
and no cases of PML have been reported so far in
patients taking ozanimod or etrasimod.

Laquinimod

Initially developed for relapsing—remitting multi-
ple sclerosis, laquinimod is an oral small molecule
with immunomodulatory effects.24 Although the
mechanism of action of laquinimod is yet to be
fully understood, the drug may work through
downregulation of pro-inflammatory cytokines.2>
Due to its anti-inflammatory profile, laquinimod
has been tested in patients with active moderate-
to-severe Crohn’s disease in a double-blind dose-
ranging phase II RCT. Laquinimod was given in
four different daily doses: 0.5mg QD, 1 mg QD,
1.5mg QD and 2mg QD. Within all treatment
groups, the dose of laquinimod 0.5mg daily
resulted in the safest and most efficacious in
inducing clinical remission in this patient popula-
tion.2® The development of laquinimod in multi-
ple sclerosis has been recently abandoned,??
following the disappointing results in the
BRAVO?28 and CONCERTO?° phase III trials.
Phase III trials in Crohn’s disease of ulcerative
colitis have not been initiated.

Anti-integrins

Intestinal inflammation depends on the migration
of circulating leukocytes from blood into the
intestinal site of inflammation. This immune-cell
trafficking into the intestine is mediated by

adhesion molecules, such as mucosal addressin
cell-adhesion molecule-1 (MAdCAM-1). The
interaction between MAdCAM-1 and its integrin
ligand, o437, results in the recruitment of lym-
phocytes into the gut or gut-associated lymphoid
tissue.3 Natalizumab, an anti-a4 integrin anti-
body, and vedolizumab, an anti-a4f37 integrin
antibody, are efficacious in the treatment of
IBD.31-33 However, reports of PML in patients
treated with natalizumab34-36 led to the restriction
of its use in IBD. Through the selective targeting
of the a4 integrin subunit, natalizumab blocks the
interaction between o431 and 0437 with vascular
cell-adhesion molecule 1 (VCAM-1) and
MAJdCAM-1, respectively. VCAM-1 is expressed
in the central nervous system, hereby playing an
important role in the immune surveillance. The
John Cunningham virus (JC virus) is a human
polyoma virus that plays a key role in the patho-
genesis of PML. Considering the majority of the
population in Europe and the United States is
seropositive for the JC virus, a decreased immune
surveillance in the central nervous system results
in an unacceptable increased risk for PML in
patients with IBD.

Despite these concerns of nonselective targeting,
a new, oral, small-molecule anti-a4 integrin,
AJM-300, has been developed. The efficacy and
safety of AJM-300 was assessed in a double-blind
phase II RCT. Patients with moderately active
ulcerative colitis were given AJM-300 or placebo
thrice daily for 8 weeks. Clinical remission (23.5%
versus 3.9%), clinical response (62.7% wversus
25.5%) and mucosal healing (local endoscopic
assessment: 58.8% wversus 29.4%) were signifi-
cantly more frequent in patients taking AJM-300
than in patients taking placebo. The rates of
adverse events were similar between active-treat-
ment and placebo groups. In this phase II RCT
with 51 patients exposed to AJM-300, there was
no case of PML observed.3” However, consider-
ing that AJM-300 might have a similar mecha-
nism of action with natalizumab, the safety of
AJM-300 in patients with IBD needs to be care-
fully addressed in the following phase III trial
[ClinicalTrials.gov identifier: NCT03531892].

PTG-100 is an oral small molecule that targets
the a4B7 integrin, hereby being gut selective. In
the PROPEL study, a phase II RCT, patients
with ulcerative colitis were given placebo or PTG-
100 150mg, 300mg or 900mg QD. An initial
interim analysis of 65 patients indicated that
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PTG-100 was not better than placebo in inducing
remission in patients with moderate-to-severe
ulcerative colitis. A post hoc analysis of the cen-
trally read endoscopic data, triggered by a higher-
than-expected placebo effect, showed that
PTG-100 induced more clinical and endoscopic
improvements than placebo. A dose-response
relationship was observed with higher responses
being observed in the PTG-100 900mg QD
group. The full data of the PROPEL study is
eagerly awaited.

Etrolizumab is a monoclonal antibody targeting the
7 subunits of the 04p7 and aEB7 integrins, hereby
blocking the o4f7-MAdCAM-1 and oEB7-E-
cadherin interactions. The o Ef7 integrin is involved
in the epithelial retention of lymphocytes and it is
mainly expressed by lymphocytes after extravasa-
tion into the epithelium and lamina propria.3® By
blocking these interactions, etrolizumab is thought
to impair the trafficking of gut-homing lymphocytes
and the retention of these lymphocytes in the epi-
thelium. A double-blind phase II RCT evaluated
the efficacy and safety of subcutaneous etrolizumab,
in patients with moderate-to-severe ulcerative coli-
tis. Patients were randomized to two active-treat-
ment groups (100mg at weeks 0, 4, and 8; or
420mg loading dose at week 0 followed by 300mg
at weeks 2, 4, and 8) or to the placebo group. At
week 10, 21% of patients in the etrolizumab 100 mg
group were in clinical remission, as compared with
10% in the etrolizumab 420/300mg and 0% in the
placebo group. A very strict secondary endpoint
(Mayo endoscopic subscore of 0 and a rectal bleed-
ing subscore of 0 at week 10) was met by 10 % of
the patients in the etrolizumab 100mg group and by
8% of patients in the etrolizumab 420/300mg
group. No patients in the placebo group met this
secondary endpoint. Clinical remission rates were
higher in patients with higher gene expression of
integrin olE in colon biopsies taken at baseline.? In
a retrospective analysis, the expression of high levels
of integrin o.E and granzyme A at baseline identified
patients most likely to benefit from etrolizumab.40
An extensive phase III program 1is ongoing
[ClinicalTrials.gov  identifiers: NCT02118584,
NCT02100696, NCT02165215, NCT02394028,
NCT02403323], including head-to-head trials with
adalimumab [Clinical Trials.gov identifiers:
NCT02171429 and NCT02163759] and inflixi-
mab [ClinicalTrials.gov identifier: NCT02136069].

SHP647, former PF-00547659, is an anti-MAd-
CAM monoclonal antibody that selectively

reduces lymphocyte homing to the intestinal
tract. In the OPERA study, a dose-ranging phase
II RCT, 265 patients with active moderate-to-
severe Crohn’s disease were randomized to
receive placebo or PF-00547659 22.5mg, 75mg
or 225mg subcutaneously at weeks 0, 4 and 8.
The primary endpoint (clinical response at weeks
8 and 12, defined as decrease from baseline in
CDAI = 70points) was not statistically different
between groups, probably due to high rates of
clinical response in the placebo group (41.4% at
week 8 and 44.4% at week 12).4! Unlike in
Crohn’s disease, SHP647 was better than pla-
cebo in patients with ulcerative colitis. The
TURANDOT trial evaluated the efficacy and
safety of SHP647 in 357 patients with active
ulcerative colitis. The primary endpoint was
remission, defined as Mayo score < 2 with no
individual subscore>1 and rectal bleeding sub-
score < 1. At week 12, remission rates were
higher in the active-treatment groups (11.3%,
16.77%, 15.5%, and 5.7% for 7.5mg, 22.5mg,
75mg, and 225mg, respectively) in comparison
with the placebo group (2.7%), although the 225
mg group did not reach statistical significance.*?
SHP647 was safe and well tolerated in both stud-
ies. Phase III programs in Crohn’s disease
[ClinicalTrials.gov identifiers: NCT03627091,
NCT03566823, and NCT03559517] and ulcer-
ative  colitis  [ClinicalTrials.gov  identifiers:
NCT03259308, NCT03259334, and
NCT03290781] are ongoing.

Abrilumab, formerly known as AMG-181 or
MEDI 7183, is a monoclonal antibody against
the 047 integrin. The phase IIb RCT with
patients with moderate-to-severe Crohn’s disease
failed to meet the primary endpoint (clinical
remission, CDAI < 150, at week 8).43 In con-
trast, in the phase IIb RCT with 354 patients with
moderate-to-severe ulcerative colitis, abrilumab
had a favorable safety and efficacy profile. Patients
randomized to the active-treatment groups of
abrilumab 70mg or 210mg had significantly
higher remission rates in comparison with the pla-
cebo group (13.5%, 13.4%, and 4.4%, respec-
tively).#* Phase III programs in IBD populations
are yet to be announced.

IL-12/IL-23 pathway

Adaptive immunity plays a key role in the patho-
genesis of IBD. T-helper (Ty) lymphocytes are
cytokine-producing lymphocytes that potentiate
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or regulate immune responses by interacting with
other immune cells such as macrophages, CD8"
T cells, eosinophils and basophils. Different
cytokine milieus will induce Tyl, T2, Tyl7 or
regulatory T-cell subsets.!

The heterodimeric pro-inflammatory cytokines
IL-12 and IL-23 induce a Tyl and Tyl7 cell
response, respectively. Consisting of the p40 and
p35 subunits, IL-12 stimulates JAK2 and TYK2
activity. IL-23, composed of the p40 and pl9
subunits, also activates the JAK/STAT path-
way.¥>40 The IL-12/I1.-23 pathway has been
identified in genome-wide association studies as
an important player in the pathogenesis of IBD.4’

Ustekinumab is a monoclonal antibody directed
against the p40 subunit, therefore blocking the
biologic activity of IL-12 and IL-23 simultane-
ously. The UNITI program recruited patients
with Crohn’s disease and consisted of two phase
IIT induction RCT (UNITI-1 and UNITI-2) and
one phase III maintenance RCT (IM-UNITT).
Ustekinumab was efficient both in the induction
phase and in the maintenance phase in patients
with Crohn’s disease. The safety profile of usteki-
numab was acceptable.48

A phase III induction RCT in patients with mod-
erate-to-severe ulcerative colitis (UNIFI trial)
met the primary endpoint of clinical remission
(Mayo score < 2 points, with no individual sub-
score > 1) at week 8. Patients were also given a
single dose of intravenous (IV) ustekinumab
130 mg, ustekinumab 6 mg per kilogram of body
weight, or placebo. After 8 weeks, 15.6%, 15.5%,
and 5.3% of the patients were in clinical remis-
sion, respectively. A significant decrease of fecal
calprotectin was also observed in patients who
received ustekinumab [ClinicalTrials.gov identi-
fier: NCT02407236].4°

The development of briakinumab, a human anti-
11.-12/23p40 monoclonal antibody, was stopped
following the disappointing results from a phase
II RCT in patients with Crohn’s disease.>?

Selective targeting of IL.-23 in patients with IBD
might be advantageous, as IL-12 pathways are
involved in immune responses and antitumor
activity.>1-52

Risankizumab is a monoclonal antibody target-
ing the p19 subunit, which is specific to IL-23. In

a phase II RCT, 121 patients with moderate-to-
severe Crohn’s disease (mostly refractory to anti-
TNF) were randomized to receive IV
risankizumab 200 mg, risankizumab 600mg, or
placebo, at weeks 0, 4, and 8. At week 12, clinical
remission (CDAI < 150) was observed in 24.4%,
36.6%, and 15.4% of the patients, respectively.
Adverse events were similar in all groups.’®> Of
those 108 patients, 6 were in deep remission
(CDAI < 150 and Crohn’s Disease Endoscopic
Index of Severity (CDEIS) < 4, or <2 for
patients with isolated ileitis) and entered a
12-week washout phase. The remaining 102
patients were not in deep remission and were
offered risankizumab 600mg every 4weeks for
another 12 weeks. One patient of the 102 declined
to continue the study. The rate of patients achiev-
ing clinical remission at week 26 remission was
significantly increased. Patients in clinical remis-
sion at week 26 continued maintenance therapy
with subcutaneous risankizumab 180mg every
8weeks until week 52. Of the 56 patients enter-
ing the maintenance phase, 44 (71%) were in
clinical remission at week 52.5% A phase III pro-
gramis ongoingin Crohn’s disease [Clinical Trials.
gov identifiers: NCT03104413, NCT03105128,
and NCTO03105102] and ulcerative colitis
[ClinicalTrials.gov identifiers: NCT03398148
and NCT03398135].

Formerly known as MEDI2070, brazikumab is a
monoclonal antibody against the p19 subunit of
IL-23. The safety and efficacy of brazikumab
was evaluated in a double-blind phase II RCT in
patients with moderate-to-severe Crohn’s dis-
ease. Patients were given 700mg of IV brazi-
kumab or placebo at weeks 0 and 4, followed by
an open-label 210mg of brazikumab for all
patients. The primary endpoint (CDAI decrease
of 100 points from baseline) occurred in 49.2%
of patients receiving brazikumab compared with
26.7% of patients receiving placebo. IL-22 is a
cytokine that is induced by IL-23. Patients with
a higher serum concentration of IL-22 at base-
line were more likely to respond to brazikumab
than to placebo. Headache and nasopharyngitis
were the most common adverse events.”> A
phase III trial in patients with Crohn’s disease is
ongoing. This trial includes a comparative arm
with adalimumab [ClinicalTrials.gov identifier:
NCT03759288]. A phase II trial in patients with
ulcerative colitis with a comparative arm to ved-
olizumab is ongoing [ClinicalTrials.gov identi-
fier: NCT03616821].
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Mirikizumab is also a monoclonal antibody against
the p19 subunit of IL.-23. A recent phase II RCT
in patients with moderate-to-severe ulcerative
colitis demonstrated the efficacy of mirikizumab
in the induction treatment of patients with moder-
ate-to-severe ulcerative colitis.>® Patients were
randomized into receiving placebo or mirikizumab
600mg IV fixed dose, 50mg IV exposure-based
dose, or 200mg IV exposure-based dose. The
dose of mirikizumab in the exposure-based dose
groups was increased if the serum trough concen-
trations were lower than a predefined cut off.
Clinical remission was achieved in 4.8% of
patients receiving placebo compared with 15.9%,
22.6%, and 11.5% of patients in the mirikizumab
50mg, 200mg, and 600mg groups, respectively.
Adverse event frequencies were similar among all
treatment groups. A phase II in patients with
Crohn’s disease is ongoing [ClinicalTrials.gov
identifier: NCT02891226] and a phase III pro-
gram in ulcerative colitis has been initiated
[ClinicalTrials.gov identifier: NCT03518086,
NCT03524092, and NCT03519945].

PDE4 inhibitors

Inflammation is a complex cascade of events that
is regulated by several molecules. Cyclic AMP
(cAMP) plays an important role in the regulation
of the inflammatory response. Phosphodiesterases
are enzymes that degrade cAMP, acting as pro-
inflammatory enzymes. Increased expression of
phosphodiesterase 4 (PDE4) has been reported in
inflammatory diseases such as psoriasis.>”
Apremilast is an oral small molecule that inhibits
PDE4 and is already approved for the treatment
of psoriatic arthritis and moderate-to-severe
plaque psoriasis. A phase II RCT in patients with
active ulcerative colitis studied apremilast 30 mg
BID, apremilast 40 mg BID, or placebo BID for
12 weeks. Clinical remission (total Mayo score <
2, with no individual subscore > 1) was achieved
in 31.6% and 21.8% in the apremilast 30 mg BID
and apremilast 40 mg BID groups, respectively.
Only 13.8% of patients receiving placebo achieved
clinical remission. The safety profile of apremilast
was acceptable, with headache being the most fre-
quent adverse event.>® A phase III program in
ulcerative colitis is expected to be launched soon.

Therapeutic pitfalls and future perspectives
Despite the undeniable positive impact of biological
therapies, clinical remission is only achieved in a

relatively small percentage of patients (usually less
than 30%) treated with currently available biologi-
cals. This clearly illustrates the existence of a thera-
peutic gap in the treatment of IBD. Another
important knowledge gap in the treatment of IBD is
posed by the relative lack of properly powered head-
to-head trials comparing the different available bio-
logicals and small molecules. One exception is the
VARSITY trial, of which some data were recently
made public. The VARSITY trial is a phase IIIb
randomized, double-blind, multicenter, active-con-
trolled study including 771 patients with moderate-
to-severe ulcerative colitis. Patients were randomized
to adalimumab (n = 386) or vedolizumab (z =
385) and followed up to 52weeks. Significantly
more patients from the vedolizumab group achieved
clinical remission (primary outcome: 31.3% in the
vedolizumab group versus 22.5% in the adalimumab
group) and mucosal healing (secondary outcome:
39.7% in the vedolizumab group versus 27.7% in
the adalimumab group). However, the proportion
of patients with corticosteroid-free remission at
week 52 was greater in the adalimumab group com-
pared with the vedolizumab group (21.7% versus
12.6%, p = 0.688). The safety profile was compara-
ble between the two groups.’®* The peer-reviewed
publication of the VARSITY trial is widely awaited.

Combination therapy with different classes of
biologicals may improve the efficacy of biologicals
and small molecules, although safety is an impor-
tant issue when combining different immunosup-
pressive strategies. The treatment strategy
involving biologicals urgently needs to be opti-
mized through the use of biomarkers, such as
IL13RA2% or TREMI1,%1:62 which can predict
response to anti-TNF medications. The use of
new molecules could be guided by IL-22, integrin
oE/granzyme A, which allow the selection of
patients more prone to respond to brazikumab or
etrolizumab, respectively. For most biomarkers,
however, formal validation in an independent
cohort is still required. Notwithstanding, with the
new wave of biologicals and small molecules, new
biomarkers are needed in order to select the right
drug for the right patient. Precision medicine,
where treatment strategies are tailored to the indi-
vidual patient, is expected to result in higher rates
of clinical remission and a better quality of life.

Conclusion
Treating patients with IBD is a challenging task
due to the complexity and severity of the disease,
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and due to the shortcomings of the available ther-
apeutic options. Although anti-TNF, anti-integ-
rins, and anti-IL-12/IL.-23 are powerful available
drugs to treat IBD, a considerable number of
patients will not be helped in the long run. Newer,
more efficacious and safer drugs are urgently
needed to significantly change the course of IBD
in many of our (therapy-refractory) patients. In
recent years, several new drugs have been devel-
oped, which are now being tested in phase II or
phase III trials. JAK inhibitors, spearheaded by
tofacitinib, are the new treatment class available
to treat IBD. This new class has a short half-life,
a rapid onset of action and lacks immunogenicity
associated with biologics. The expected abun-
dance of new therapeutic options will trigger a
new effort toward a personalized and mechanism-
based IBD treatment. Ideally, biomarkers, such
as the expression of integrin oE and granzyme A,
I1.-22, IL13RA2 or TREMI, will allow us to
select the best therapy for a specific patient, as
different pathways may play a role in the patho-
genesis of IBD in different patients. Personalized
medicine will change the paradigm of disease
management in IBD. However, in order to
achieve the widely awaited evidence-based per-
sonalized medicine, correctly designed RCTs are
essential. These trials should include patients
with objectively assessed active disease (e.g.
endoscopy, CRP and fecal calprotectin), aim at
objective and clinically significant endpoints (e.g.
deep remission), and include clinically significant
comparators (e.g. placebo and, even better, avail-
able biologicals or small molecules). Failing to do
so may result in pursuing research of otherwise
futile medicines.
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