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ARTICLE INFO ABSTRACT

The pharmacological management of inflammatory bowel disease (IBD) over the last two decades has transi-
tioned from reliance on aminosalycilates, corticosteroids and immunomodulators to earlier treatment with anti-
tumor necrosis factor (anti-TNF) therapy. Nevertheless, 20-30% of patients discontinue anti-TNF therapy for
primary non-response and another 30-40% for losing response within one year of treatment. These undesirable
therapeutic outcomes can be attributed to pharmacokinetic (anti-drug antibodies and/or low drug concentra-
tions) or pharmacodynamic issues characterized by a non-TNF driven inflammation. The latter issues necessitate
the use of medications with different mechanisms of action. Besides the biologics natalizumab, vedolizumab and
ustekinumab that have already been approved for the treatment of IBD new non-anti-TNF therapies are currently
under investigation including small molecule drugs against Janus kinase and sphingosine-1-phosphate receptors.
This manuscript will review the medications that are in the later stages of development for the treatment of IBD
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and directed against immune targets other than TNF.

1. Introduction

Inflammatory bowel diseases (IBD), encompassing Crohn's disease
(CD) and ulcerative colitis (UC), are chronic, relapsing, immune-
mediated inflammatory disorders with significant morbidity and effects
on quality of life [1]. The incidence and prevalence of these diseases is
increasing worldwide, particularly in the East [2]. Although the exact
etiopathogenesis of IBD remains largely unknown, the advent of more
advanced molecular and cellular biology techniques has greatly con-
tributed to improving our understanding of the inflammatory pathways
that drive tissue damage in these disorders [3]. These discoveries, in
turn, have led to more specific and targeted pharmacological treatment
of IBD [4].

Anti-tumor necrosis factor (anti-TNF) therapies have revolutionized
the treatment of IBD. These agents have been shown to be steroid
sparing, to reduce IBD-related hospitalizations and surgeries, induce
mucosal healing, and improve patients' quality of life [5]. However, up
to 30% of patients show no clinical benefit after induction therapy

(primary non-responders), and another 30-40% lose response during
the first year of treatment, requiring dose-escalation or a switch to
another biologic [6]. These undesired therapeutic outcomes are due to
either pharmacokinetic issues, characterized by increased drug clear-
ance mostly due to immunogenicity and development of anti-drug an-
tibodies, or pharmacodynamic issues, characterized by non-TNF driven
inflammation [7]. Moreover, although the overall safety profile of anti-
TNF is satisfactory, there are some concerns with respect to infusion/
injection site reactions, infections and some rare malignancies, such as
melanoma and lymphoma [8,9]. Thus it is crucial to develop new
biological therapies with different mechanisms of action with equiva-
lent or even improved safety and efficacy profiles. The latter refer
mostly to clinical response typically defined as a decrease from baseline
of the Crohn's disease activity index by 70 points for CD and the Mayo
score by =30% and = 3 points, with decrease in rectal bleeding sub-
score of =1 or rectal bleeding subscore of 0 or 1 for UC.

Major advances of knowledge in the immunology and pathophy-
siology of the intestinal inflammatory processes have helped to identify
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Table 1

Non-TNF-related drugs for the treatment of inflammatory bowel diseases.

Ref.

Study phase

IBD type

Mechanism of action

Mode of administration

Compound (PubChem SID)

Target

20-23

FDA approved

111

Cbh/UC
ucC

Humanized IgGlmonoclonal antibody that selectively blocks the a4f7 integrin

a

iv.

Vedolizumab (160666632)
Etrolizumab (160704152)

Integrins
Integrins

33, 34

Humanized IgG1monoclonal antibody that targets the 37 subunit of the heterodimeric integrins

a437 and aEP7

S.C.

35
36

1L
il

Chronic pouchitis

ucC

Human antisense oligonucleotide which inhibits ICAM-1 and blocks leukocyte recruitment

Orally active a4 integrin antagonist

p.r.

Integrins Alicaforsen (319360904)
AJM-300

Integrins
Integrins

p.o.

38, 39
45

CD/uUC
CD
CD
CD

Human IgG2 monoclonal antibody directed against MAACAM-1

s.c.
iv.
iv.

PF-00547659 (160682419)

111

Humanized IgG1 monoclonal antibody against the p19 subunit of IL23
Human IgG2 monoclonal antibody that targets the p19 subunit of 1L23

Risakizumab (310264703)
Brazicumab (318164812)

Cytokines

46

Cytokines

42, 43

FDA approved

Human IgG1 monoclonal antibody against the p40 subunit of IL12 and 23

i.v. induction and s.c.
maintenance”

p.o.

Ustekinumab (103771533)

Cytokines

48, 49

Awaits FDA final

ucC

JAK1, 3 inhibitor

Tofacitinib (354281529)

Small molecules

approval

1I/11T

50
51

CDh/UC
CDh/UC
Cbh/UC
CD

JAK1 inhibitor
JAK1 inhibitor

p.o.

Filgotinib (354346952)

Small molecules

1I/11T

p.o.

Upadacitinib (350079067)

Ozanimod (348687948)
Laquinimod (348926252)

Small molecules

52

11/11T

S1P1, S1P5 receptor agonist

p.o.

Small molecules

53

Anti-inflammatory properties

p.o.

Small molecules

UC: ulcerative colitis; CD Crohn's disease; IL: interleukin; ICAM: intercellular adhesion molecule; ref.: references; messenger RNA; MAdACAM-1: mucosal addressin cell adhesion molecule 1; IBD: inflammatory bowel

disease; JAK: Janus Kinase; S1P: sphingosine-1-phosphate; SID: substance identification; p.o.: per os; i.v.: intravenous; s.c.: subcutaneous; p.r.: per rectum; w: week; FDA: Food and Drug Administration.

@ 300mg at wo, 2, 6 and then q8w.

b 260-520 mg at w0 and then 90 mg q8w.
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novel molecular targets for drugs and potential new therapeutic ap-
proaches for the treatment of IBD. At present, there are only three non-
anti-TNF biologics approved for the treatment of IBD; natalizumab (a
recombinant humanized monoclonal IgG4 antibody against the integrin
subunit a4), vedolizumab (a humanized IgG1 monoclonal antibody that
selectively blocks the a4f7 integrin) and ustekinumab (a fully human
IgG1 monoclonal antibody directed against the shared p40 subunit of
interleukin (IL)-12 and IL23) [10,11]. In addition, there are several new
biologics currently under development that are projected to reach the
pharmaceutical market in the near future [12,13]. These agents include
other anti-adhesion molecule inhibitors (anti-integrins) and anti-IL
drugs as well as small molecules, such as Janus kinases (JAK) and
sphingosine-1-phosphatase (S1P) receptor inhibitors (Table 1).

The aim of this review is to provide an overview of non-anti-TNF
therapies for the treatment of IBD that were studied or are still being
studied in clinical trials with an emphasis on the most promising agents
already in late-stage clinical development.

2. Anti-adhesion molecule inhibitors (anti-integrins)
2.1. Natalizumab

Natalizumab is a recombinant humanized monoclonal IgG4 anti-
body against the integrin subunit a4 that blocks both a437 and a4fp1
preventing the migration of lymphocytes into most tissues, including
the intestine, skin and the brain. Natalizumab was the first anti-adhe-
sion molecule inhibitor approved by the Food and Drug Administration
(FDA) for CD. The efficacy of natalizumab was demonstrated by the
ENACT-2 [14] and ENCORE [15] placebo-controlled randomized clin-
ical trials (RCTs). In the ENACT-2 trial, 339 patients who had re-
sponded to induction natalizumab therapy were randomly assigned to
receive either 300 mg of active drug or placebo every 4 weeks through
week 56. Natalizumab compared to placebo resulted in higher rates of
sustained response (61% vs. 28%, p < 0.001) and remission (44% vs.
26% p < 0.003) at week 36, respectively [14]. In the ENCORE study
509 patients with moderately to severely active CD and active in-
flammation characterized by elevated C-reactive protein concentrations
were randomized to receive either natalizumab 300 mg or placebo at
weeks 0, 4, and 8. Natalizumab compared to placebo resulted in higher
rates of sustained response (48% vs. 32%, p < 0.001) and remission
(26% vs. 16% p = 0.002) at week 8 through week 12, respectively [15].
Moreover, a recent meta-analysis showed that natalizumab was su-
perior to placebo for the induction of remission in CD [16].

However, natalizumab in some rare cases promoted reactivation of
John Cunningham virus (JCV) in the brain and the development of
progressive multifocal leukoencephalopathy (PML) due to inhibition of
leukocyte migration to the central nervous system [17,18]. Thus, na-
talizumab was voluntarily withdrawn from the market in the US and
Europe but was then reintroduced in the US in combination with a
surveillance program and careful monitoring. The use of natalizumab is
limited to patients without other immunosuppressive therapy and those
who are JCV negative, preferably for short-term treatment (< 2 years)
[19]. Monitoring of JCV antibody development on therapy is re-
commended [19].

2.2. Vedolizumab

Vedolizumab is a humanized IgGl monoclonal antibody that se-
lectively blocks the a4(7 integrin and mainly targets gut homing leu-
kocytes. Due to the gut-selective nature of the compound and the fact
that it does not cross the blood brain barrier, it is not associated with
PML. Vedolizumab was approved by the FDA and the European
Medicines Agency for the treatment of moderate to severe CD [20] and
UC [21]. The efficacy of vedolizumab was confirmed by the GEMINI
phase III RCTs.

In the GEMINI I trial 374 patients with moderate to severely active
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UC were randomized to either 300 mg of intravenous vedolizumab or
placebo at weeks 0, 2 and 6 (cohort 1) and 521 patients received open-
label vedolizumab at weeks 0 and 2 (cohort 2), with disease evaluation
at week 6. Vedolizumab compared to placebo resulted in higher rates of
clinical response (47.1% vs. 25.5%, p < 0.001) at week 6. In the trial
of maintenance therapy, patients in either cohort who had a response to
vedolizumab at week 6 were randomly assigned to continue receiving
vedolizumab every 8 or 4 weeks or to switch to placebo for up to
52 weeks. Vedolizumab compared to placebo resulted in higher rates of
clinical remission (44.8% vs. 29.1%, p < 0.001) for vedolizumab every
4 weeks and (41.8% vs. 15.9%, p < 0.001) for vedolizumab every
8 weeks at week 52, respectively. Adverse events were not different
between groups [22].

In the GEMINI II trial, 368 patients with moderate to severely active
CD were randomly assigned to receive 300 mg vedolizumab or placebo
at weeks 0 and 2 (cohort 1) and 747 patients received open-label ve-
dolizumab at weeks 0 and 2 (cohort 2) with disease evaluation at week
6. Vedolizumab compared to placebo resulted in higher rates of clinical
remission (14.5% vs. 6.8%, p = 0.020) at week 6 (cohort 1). In the
maintenance trial, 461 patients from both cohorts 1 and 2 who had had
a response to vedolizumab were randomly assigned to receive placebo
or vedolizumab every 8 or 4 weeks until week 52. Vedolizumab com-
pared to placebo resulted in higher rates of clinical remission (36.4%
vs. 21.6%, p = 0.004) for vedolizumab every 4 weeks and (39% vs.
21.6%, p < 0.001) for vedolizumab every 8 weeks at week 52, re-
spectively. The incidence of any serious adverse event was higher
among patients who received vedolizumab than among those who re-
ceived placebo (24.4% vs. 15.3%) with nasopharyngitis being the most
frequent one [23].

In the GEMINI III trial 315 patient with moderately to severely ac-
tive CD and previous anti-TNF failure were randomly assigned to re-
ceive 300 mg vedolizumab or placebo at weeks 0, 2 and 6 with disease
evaluation at weeks 6 and 10. Vedolizumab compared to placebo re-
sulted in higher rates of clinical response (39.2% vs.22.3%, p = 0.001)
at week 6 and clinical remission (26.6% vs.12.1%, p = 0.001) at week
10. Adverse event results were similar in all groups [24].

Recent data from systematic reviews, meta-analyses and post-mar-
keting studies have demonstrated that vedolizumab is a safe drug for
the treatment of patients with moderate to severe CD and UC including
also those who have previously failed anti-TNF therapy [25-29].
However, it may have a slower onset of action often requiring 10 weeks
of therapy or more.

2.3. Etrolizumab

Etrolizumab (rhuMAb b7) is a humanized monoclonal IgG1l anti-
body that targets the 37 subunit of the heterodimeric integrins o437
and aEP7 and subsequently inhibits lymphocyte trafficking to the gut
by blocking a4b7/mucosal address in cell adhesion molecule 1
(MAdCAM-1) and retention of leucocytes in the gut intraepithelial
lining by blocking aER7/E-cadherin [30,31].

In a phase I trial of patients with moderate-severe UC, etrolizumab
was found to be safe and well tolerated with headache being the most
common adverse effect followed by fatigue, abdominal pain and na-
sopharyngitis [32]. In a later phase II RCT, EUCALYPTUS, 124 patients
with moderate to severe UC were randomized 1:1:1 to one of two doses
of subcutaneous etrolizumab (100 mg at weeks 0, 4, and 8, with placebo
at week 2; or 420 mg loading dose at week O followed by 300 mg at
weeks 2, 4, and 8) or matching placebo. Both the 100 mg (20.5% vs.0%,
p = 0.004) and 300 mg dosing strategies of etrolizumab (10.3% vs. 0%,
p = 0.048) were associated with higher rates of clinical remission
compared with placebo at 10 weeks. Serious adverse effects were
comparable between the etrolizumab groups (12% for etrolizumab
100 mg and 5% for etrolizumab 300 mg) and the placebo group (12%)
[33].

A retrospective analysis of pharmacodynamic data collected from
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110 patients with UC who participated in the EUCALYPTUS study and
21 patients with UC or without IBD serving as a control group showed
that levels of granzyme A and integrin aE messenger RNAs in colon
tissues can identify patients with UC who are most likely to benefit from
etrolizumab [34]. This could be the first step towards more persona-
lized medicine. Etrolizumab is currently being evaluated in phase III
RCTs studies in both CD (NCT02394028) and UC (NCT02100696,
NCT02165215, NCT02163759).

2.4. Alicaforsen

Alicaforsen (ISIS 2302) is a human antisense oligonucleotide, which
inhibits ICAM-1 and blocks leukocyte recruitment. In an open-label,
uncontrolled study, 12 patients with chronic, unremitting pouchitis
were treated with 240 mg alicaforsen antisense enema nightly for
6 weeks with clinical evaluation and endoscopy performed at weeks 3,
6 and 10. After 6 weeks of nightly alicaforsen enema, a statistically
significant reduction in the Pouchitis Disease Activity Index from
baseline to week 6 (11.42 vs. 6.83, p = 0.001, respectively) was ob-
served. Ten of the 12 patients achieved a mucosal appearance score of 0
or 1 at endoscopy. The alicaforsen enemas were well tolerated and no
serious side-effects were noted [35]. The alicaforsen enemas are cur-
rently being evaluated in a phase III study for chronic antibiotic re-
fractory pouchitis (NCT02525523).

2.5. AJIM300

AJM300 is an orally active a4 integrin antagonist. In a phase Ila
RCT 102 patients with moderately active UC who had inadequate re-
sponse or intolerance to mesalamine or corticosteroids were randomly
assigned to receive 960 mg AJM300 or placebo 3 times daily for
8 weeks. AJM300 compared to placebo resulted in higher rates of
clinical response (62.5% vs. 25.5%, p < 0.001), clinical remission
(23.5% vs. 3.9%, p = 0.001), and mucosal healing (58.8% vs. 29.4%,
p = 0.001), respectively. No serious adverse event, including PML, was
reported [36], although as AJM300 lacks specificity to gut, the poten-
tial risk for PML cannot be diminished. AJM300 is now being evaluated
in a phase III RCT for UC.

2.6. Pf-00547659

PF-00547659 is a fully human monoclonal IgG2 antibody directed
against MAACAM-1. In the first placebo-controlled RCT regarding 80
patients with active UC who were randomized to receive single or
multiple (3 doses at 4-week intervals) doses of 0.03-10mg/kg PF-
00547659 or placebo and were followed through week 12. PF-
00547659 was well tolerated and safe [37]. In the subsequent phase II
OPERA RCT, 265 patients with active moderate-to-severe CD were
randomized to PF-00547659 22.5mg, 75mg or 225mg or placebo.
Clinical endpoint differences between PF-00547659 and placebo at
weeks 8 or 12 did not reach statistical significance. No safety signal was
seen [38]. In the phase Il TURANDOT RCT, 357 patients with moderate
to severe UC were randomly assigned to receive a subcutaneous injec-
tion of 7.5 mg, 22.5 mg, 75 mg, or 225 mg PF-00547659 or placebo. PF-
00547659 7.5mg (11.3% vs. 2.7%, p = 0.045), 22.5mg (16.7% vs.
2.7%, p = 0.001) and 75mg (15.5% vs. 2.7%, p = 0.012) resulted in
higher rates of clinical remission compared to placebo, respectively. No
safety issues were observed [39].

The safety study TOSCA evaluated PF-00547659 in 39 adult patients
with moderate to severe CD with prior treatment with both anti-TNF
and immunosuppressants (thiopurines or methotrexate). In patients
who received a full induction course of the highest clinical dose of PF-
00547659, there was no change in cerebrospinal fluid lymphocyte cell
count after treatment, suggesting that PML under PF-00547659 may be
a lesser concern [40]. While waiting for the long-term efficacy and
safety data of PF-00547659 from the RCT OPERA II trial in CD and the
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TURANDOT II trial in UC, phase III RCTs have already been planned.
3. Anti-interleukin drugs
3.1. Ustekinumab

Ustekinumab is a fully human IgG1l monoclonal antibody directed
against the shared p40 subunit of IL12 and IL23 which leads to a down-
regulation of cytokine expression in both the Thl and Th17 pathways
[41]. In the phase IIb CERTIFI RCT, 526 patients with moderate-to-
severe CD who were resistant to anti-TNF therapy were randomly as-
signed to receive intravenous ustekinumab (at a dose of 1, 3, or 6 mg
per kilogram of body weight) or placebo at week 0. Ustekinumab
(6 mg/kg) compared to placebo was associated with a higher rate of
clinical response (39.7% vs. 23.5%, p = 0.005) at week 6. During the
maintenance phase, 145 patients who had a response to ustekinumab at
6 weeks underwent a second randomization to receive subcutaneous
injections of ustekinumab (90 mg) or placebo at weeks 8 and 16. Us-
tekinumab compared to placebo was associated with a higher rate of
clinical response (69.4% vs. 42.5%, p < 0.001) and remission (41.7%
vs. 27.4%, p = 0.030) at week 22. Serious infections occurred in 7
patients (6 receiving ustekinumab) during induction and 11 patients (4
receiving ustekinumab) during maintenance [42].

The phase III RCTs UNITIL, randomized patients with moderately to
severely active CD who failed TNF (UNITI-1, n = 741) or who were
biologic naive (UNITI-2, n = 628) to receive a single intravenous dose
of ustekinumab (130 mg or approximately 6 mg per kilogram of body
weight) or placebo. In UNITI-1, ustekinumab (130 mg or approximately
6 mg per kilogram of body weight) compared to placebo was associated
with a higher rate of clinical response (34.3% or 33.7% vs. 21.5%,
p = 0.003 for both comparisons) at week 6, respectively. In UNITI-2,
ustekinumab (130 mg or approximately 6 mg per kilogram of body
weight) compared to placebo was associated with a higher rate of
clinical response (51.7% or 55.5% vs. 28.7%, p < 0.001 for both
comparisons) at week 6, respectively. Patients who completed these
induction trials then participated in IM-UNITI, in which the 397 pa-
tients who had a response to ustekinumab were randomly assigned to
receive subcutaneous maintenance injections of 90 mg of ustekinumab
(either every 8 weeks or every 12 weeks) or placebo. In IM-UNITI, us-
tekinumab (either every 8 weeks or every 12 weeks) compared to pla-
cebo was associated with a higher rate of clinical response at week 44
(53.1% or 48.8% vs. 35.9%, p = 0.005 or p = 0.040, respectively).
Adverse effects were similar in the groups [43]. Another advantage of
ustekinumab was shown in an observational study where almost two
thirds of patients with CD refractory to anti-TNFs were able to be spared
of steroids for a period of almost a year [44].

Ustekinumab is an effective and safe therapy for CD, although
several questions remain to be answered regarding the efficacy of us-
tekinumab for the treatment of extra-intestinal manifestations and
perianal fistulizing CD. The phase III RCT UNIFI which will evaluate the
safety and efficacy of ustekinumab induction and maintenance therapy
in patients with moderately to severely active UC is currently underway
(NCT02407236).

3.2. Risankizumab

Risankizumab (BI 655066 or ABBV-066) is a humanized IgG1l
monoclonal antibody against the p19 subunit of IL.23. In a phase II RCT,
121 patients with moderate to severe CD were randomized 1:1:1 to
receive intravenous 200 mg or 600 mg risankizumab, or placebo, at
weeks 0, 4, and 8. Risankizumab (combined 200 and 600 mg group)
compared to placebo was associated with a higher rate of clinical re-
mission (31% vs. 15%, p = 0.049) at week 12. Adverse effects were
similar among the groups. The most common adverse event was nausea
and most common serious adverse event was worsening of underlying
CD [45]. A phase III RCT investigating the efficacy and safety of
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risankizumab in subjects with moderately to severely active CD is
currently underway (NCT03105128).

3.3. Bragikumab

Brazikumab (AMG 139 or MEDI2070) is a human IgG2 monoclonal
antibody that targets the p19 subunit of IL23. In a phase Ila RCT 119
patients with moderate to severe CD who previously failed anti-TNF
therapy were randomly assigned 1:1 to receive brazikumab (700 mg) or
placebo intravenously at weeks O and 4. Brazikumab compared to
placebo was associated with a higher rate of clinical response at week 8
(49.2% vs. 26.7%, p = 0.010). Adverse effects were similar between
groups. Higher baseline serum concentrations of IL22, a cytokine whose
expression is induced by IL23, were associated with greater likelihood
of response to brazikumab compared to placebo [46].

4. Small molecules
4.1. Tofacitinib

Tofacitinib is a small molecule drug that inhibits JAK1 and JAKS3.
This inhibition blocks signaling for a large subset of inflammatory cy-
tokines such as IL2, 4, 6, 7, 9, 15, 21 and interferon-y [47]. In a phase II
RCT, 194 patients with moderately to severely active UC were rando-
mized to receive tofacitinib at a dose of 0.5 mg, 3 mg, 10 mg, or 15mg
or placebo twice daily for 8 weeks. Clinical remission at week 8 oc-
curred in 13%, 33%, 48%, and 41% of patients receiving tofacitinib at a
dose of 0.5mg (p = 0.76), 3mg (p = 0.01), 10mg (p < 0.001), and
15mg (p < 0.001), respectively, as compared with 10% of patients
receiving placebo. There was a dose-dependent increase in both low-
density and high-density lipoprotein cholesterol [48].

In a subsequent phase III RCTs 598 (OCTAVE 1; failed conventional
therapy) and 541 (OCTAVE 2; failed anti-TNF) patients with moder-
ately to severely active UC were randomly assigned to receive induction
therapy with tofacitinib (10 mg twice daily) or placebo for 8 weeks. In
OCTAVE 1, tofacitinib compared to placebo was associated with a
higher rate of clinical remission (18.5% vs. 8.2%, p = 0.007) at week 8.
In OCTAVE 2, tofacitinib compared to placebo was associated with a
higher rate of clinical remission (16.6% vs. 3.6%, p < 0.001) at week
8. In the OCTAVE Sustain RCT, 593 patients who had a clinical response
to induction therapy were randomly assigned to receive maintenance
therapy with tofacitinib (either 5mg or 10 mg twice daily) or placebo
for 52 weeks. Clinical remission at week 52 occurred in 34.3% of the
patients in the 5-mg tofacitinib group and 40.6% in the 10-mg tofaci-
tinib group versus 11.1% in the placebo group (p < 0.001 for both
comparisons with placebo). In the OCTAVE Induction 1 and 2 trials, the
rates of overall infection and serious infection were higher with tofa-
citinib than with placebo. In the OCTAVE Sustain trial, the rate of
serious infection was similar across the three treatment groups, and the
rates of overall infection and herpes zoster infection were higher with
tofacitinib than with placebo. Herpes zoster infection occurred in 3
patients (1.5%) in the 5-mg tofacitinib group, 10 (5.1%) in the 10-mg
tofacitinib group, and 1 (0.5%) in the placebo group. Across all three
trials tofacitinib was associated with increased lipid levels [49].

4.2. Filgotinib

Filgotinib (GLPG0634, GS-6034) is an oral small molecular that
selectively inhibits JAK-1. In a phase II RCT, 174 patients with mod-
erate-to-severe CD were randomly assigned (3:1) to receive filgotinib
200 mg once a day or placebo for 10 weeks. After week 10, patients
were assigned, based on responder status, to filgotinib 100 mg once a
day, filgotinib 200 mg once a day, or placebo for an observational
period lasting anotherl0 weeks. Filgotinib compared to placebo was
associated to a higher rate of clinical remission at week 10 (47% vs.
23%, p = 0.008). In a pooled analysis of all periods of filgotinib and
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placebo exposure over 20 weeks, serious treatment-emergent adverse
effects were reported in 14 (9%) of 152 patients treated with filgotinib
and three (4%) of 67 patients treated with placebo [50]. Phase III RCTs
for both CD (NCT02914561, NCT02914600, NCT03077412) and UC
(NCT02914522) are currently underway or planned to start soon.

4.3. Upadacitinib

Upadacitinib (ABT-494) is a selective JAK1 inhibitor. In the phase II
RCT CELEST, 220 patients with moderately to severely active CD were
randomized to receive upadacitinib at doses of 3, 6, 12, 24 mg twice
daily or 24 mg once daily or placebo for 16 weeks, followed by blinded
extension therapy for 36 weeks. Significantly more patients receiving
upadacitinib doses greater than or equal to 6 mg twice daily achieved
endoscopic response compared to placebo (p < 0.01 for all compar-
isons). Serious adverse events and discontinuations were similar in all
groups, except for numerically greater events in the 12 mg twice daily
group [51]. A phase III RCT for UC is currently underway
(NCT02819635).

4.4. Ozanimod

Ozanimod (RCP-1063) is a novel orally administered small molecule
that is a S1P1 and S1P5 receptor modulator which leads to lymphocyte
sequestration in lymph nodes and presumably reduces circulating
lymphocytes and migration to the gastrointestinal tract. In the phase II
RCT TOUCHSTONE, 197 patients with moderate-to-severe UC were
randomized to receive ozanimod 0.5 mg/day or 1 mg/day or placebo
for up to 32 weeks. The most common adverse events were anemia and
headache. Ozanimod 1 mg/day compared to placebo was associated
with a higher rate of clinical remission (16% vs. 6%, p = 0.048) at week
8 [52]. A Phase II study in CD (NCT02531113) is currently ongoing,
while a phase III RCT is underway in UC.

4.5. Laquinimod

Laquinimod (TV-5600, previously ABR-215062) is an oral, syn-
thetic, small molecule with anti-inflammatory properties. In a phase Ila
RCT 180 patients with active moderate-severe CD were randomized to
receive laquinimod doses of 0.5, 1, 1.5 or 2 mg/day or placebo (n = 45
per cohort randomized in a 2:1 ratio) for 8 weeks with 4-week follow-
up. Treatment with laquinimod 0.5 mg showed consistent effects on
clinical remission (48.3%) versus placebo (15.9%). Adverse events were
similar among groups [53].

5. Therapeutic drug monitoring of non-anti-TNF drugs

Numerous exposure-response relationship studies have demon-
strated a positive correlation between anti-TNF drug concentrations
and therapeutic outcomes, suggesting that it is maybe the time to go
beyond a treat-to-target to a treat-to-trough therapeutic approach
[54-58]. However, this seems to be the case also for drugs with dif-
ferent mechanisms of action, such as vedolizumab and ustekinumab
[22,23,43,59,60]. Williet et al. in a prospective study of patients with
IBD receiving induction therapy, low trough levels of vedolizumab at
week 6 (< 19 pug/mL) were associated with need for additional doses
(given at week 10 and then every 4 weeks) [59]. Maintenance trough
concentrations of ustekinumab > 4.5 ug/mL at week 26 or later were
associated with inflammatory biomarker reduction and endoscopic re-
sponse [60]. On the other hand, anti-drug antibodies have been asso-
ciated with undesirable therapeutic outcomes in IBD, such as primary
non-response and secondary loss of response [54-58]. However, im-
munogenicity appears to be rather low for non-anti-TNF drugs. Anti-
bodies to vedolizumab were noted only in 3.7-4.1% of patients in
GEMINI 1 and 2 RCTs of which 0.4-1% were persistently positive
[22,23]. Antibodies to ustekinumab were even lower reported only in
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0.7-2.3% of patients in CERTIFI and UNITI RCTs [42,43]. Therapeutic
drug monitoring both proactive and reactive could be a great tool for
optimizing not only anti-TNF therapy but also other than anti-TNF
biologics, especially when assays will be extensively available [61-64].

6. Conclusion

A number of new therapeutic options for IBD have recently been
approved and more are in later stages of development. These non-anti-
TNF agents may potentially provide valuable treatment options for
patients that fail anti-TNF therapy. Although, the position of the
aforementioned drugs in the clinical armamentarium is still unknown,
it is likely that many of them will find their place in the treatment
algorithm of IBD in the upcoming years. It will be of great clinical
importance to be able to identify genetic, serologic or tissue markers
that predict response/remission to individual agents or mechanisms
and better personalize care.
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