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Orally bioavailable inhibitors of the tyrosine kinases (TYKs), also referred to as Janus kinases (JAKs), are
being evaluated for the treatment of patients with Crohn’s disease (CD), ulcerative colitis (UC), and other
chronic inflammatory disorders. To date, three JAK inhibitors have been tested in patients with
moderate-to-severe CD: tofacitinib (pan-JAK inhibitor), filgotinib (JAK1 inhibitor) and upadacitinib (JAK1
inhibitor). Clinical development of tofacitinib was discontinued in CD because the primary endpoint of
clinical remission in the phase Il induction and maintenance trials was not met, although outcomes may
have been influenced by trial design flaws and a high placebo rate was noted. In contrast, filgotinib did
meet its primary endpoint of clinical remission at week 10 in the phase II FITZROY trial, in addition to
several other clinically important secondary outcomes, spurring a subsequent larger phase III trial.
Following promising results for upadacitinib in its phase II trial, larger phase IlI trials were also initiated
to corroborate the efficacy results. Although JAK inhibitors appear to have an acceptable safety profile,
higher rates of infections compared to placebo were noted. Overall, JAK inhibitors constitute a new
promising class of drugs, given the efficacy signals observed in pivotal clinical trials in several chronic
inflammatory diseases. Here we review the existing evidence on the pharmacology, safety and efficacy of
JAK-STAT inhibitors that are currently under investigation for the treatment of patients with CD.

© 2019 Elsevier Ltd. All rights reserved.
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cytokines that have been linked to inflammatory bowel disease
[3,4]. JAK-STAT inhibitors constitute a new promising class of drugs,

Introduction

Orally bioavailable inhibitors of the tyrosine kinases (TYKs), also
referred to as Janus kinases (JAKs), are being evaluated for the
treatment of patients with Crohn’s disease (CD), ulcerative colitis
(UC), and other chronic inflammatory disorders. Four JAKs are
known: JAK1, JAK2, JAK3 and TYK2, of which each protein, in
different combinations, can be associated with the intracellular
domain of cell surface receptors of cytokines or growth factors [1].
Upon binding of the receptor ligand, JAKs can phosphorylate the
signal transducers and activators of transcription (STATs) in the
cell’s cytoplasm, that in turn modulate expression of differential
genes in the nucleus via binding to specific STAT-binding sequences
in the DNA [2]. There has been an increasing interest in this
pathway as JAK1 and JAK3 are associated with many T cell-derived
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given the efficacy signals observed in pivotal clinical trials in several
chronic inflammatory diseases. Here we review the existing evi-
dence on the pharmacology, safety and efficacy of JAK-STAT in-
hibitors that are currently under investigation for the treatment of
patients with Crohn'’s disease.

Tofacitinib

Tofacitinib (Pfizer Inc., New York, United States) is a potent in-
hibitor of JAK1 and JAK3. The half-maximal inhibitory concentra-
tion (ICsp) of tofacitinib for JAK1 was found to be 74 nM with a 10-
fold selectivity for JAK1 over JAK2 [5]. Tofacitinib has a linear and
dose-proportional pharmacokinetic (PK) profile with a functional
half-life of ~3 h [6]. The clearance is mediated primarily by hepatic
metabolism (70%) and renal elimination (30%). Cytochrome P450
(CYP) 3A4 is the primary hepatic enzyme responsible for metabo-
lization and CYP2C19 the secondary, with circulating metabolites
<10% [7].
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The first phase Ila induction trial of tofacitinib in patients with
CD was conducted by the Study A3921043 Investigators and re-
ported by Sandborn et al. in 2014 [8]. In this 4-week induction trial,
139 patients with moderate-to-severe CD were randomized to
either placebo, tofacitinib 1 mg, 5 mg, or 15 mg twice daily (BID). No
significant differences in clinical response or remission were
observed between treatment with tofacitinib and placebo,
although reductions in C-reactive protein (CRP) and fecal calpro-
tectin (FCP) were observed in patients receiving tofacitinib 15 mg
BID. Inadequate dosing and short trial duration were hypothesized
as potential reasons for the negative trial results and so subse-
quently, the efficacy of tofacitinib as an induction and maintenance
agent for CD was investigated in two larger sequential, integrated,
placebo-controlled parallel-group multicenter randomized phase
IIb trials (NCT013932626 and NCT01393899) [9]. In the induction
study, adult patients with moderate-to-severe CD (defined by a
Crohn’s Disease Activity Index (CDAI) >220 and < 450), endoscopic
ulcerations (as determined by the site investigators), and inade-
quate response or intolerance to corticosteroids, azathioprine/6-
mercaptopurine, methotrexate, or tumor necrosis factor (TNF) an-
tagonists were randomized 3:2:2:4 to receive placebo or tofacitinib
5,10, or 15 mg BID for 8 weeks. A protocol amendment dropped the
15 mg group and patients were subsequently randomized 1:1:1 to
placebo or tofacitinib 5 or 10 mg BID. Patients receiving TNF an-
tagonists underwent a washout period of 8 weeks prior to
randomization. In the maintenance study, patients achieving a
CDAI decrease from baseline >100 points or clinical remission
(CDAI <150) at week 8 were re-randomized 1:1:1 to receive pla-
cebo or tofacitinib 5 or 10 mg BID for 26 weeks. A mandatory
corticosteroid tapering algorithm was applied, with decreasing
doses by 5 mg prednisolone-equivalent per week until 20 mg/day,
and then by 2.5 mg/week until 10 mg/day.

The primary efficacy outcome in the induction study was clinical
remission, defined by CDAI <150 atweek 8; clinical response
defined by decreases in CDAI >70 (CR70) and >100 (CR100) from
baseline were secondary endpoints. In post-hoc analysis, Panes
et al. evaluated the proportion of patients achieving patient-
reported outcome remission (PRO2 <75, calculated as the sum of
stool frequency (SF) and abdominal pain (AP) scores; and PRO3
<80, calculated as the sum of SF, AP, and general well-being scores).
The primary endpoint in the maintenance study was clinical
remission or CR100 at week 26; assessment of the change in CRP
and FCP over time were secondary endpoints.

A total of 280 patients were randomized in the induction study,
with 92 assigned to placebo and 86 to each of the 5 mg and 10 mg
BID tofacitinib arms; 76.9% (70/91) of patients randomized to pla-
cebo and 77.9% (134/172) of patients randomized to tofacitinib had
previously been exposed to a TNF antagonist and approximately
one third were using concomitant corticosteroids at study entry. At
week 8, there were no significant differences in clinical remission
between patients treated with placebo (36.7%) or either dose of
tofacitinib (43.5% and 43.0% for 5mg BID and 10 mg BID, respec-
tively), even after stratification by previous TNF antagonist expo-
sure. Patients in the 5mg BID tofacitinib treatment arm had
significantly higher rates of CR100 (70.6% vs. 54.4%, p < 0.05), CR70
(76.5% vs. 62.2%, p<0.05), PRO2-75 (58.8% vs. 40.0%, p <0.05),
PRO3-80 (38.8% vs. 24.4%, p <0.05), and change in CDAI (—149.7
versus —117.4); however, only changes in PRO2-75 and baseline
CDAI were significant amongst patients treated with tofacitinib
10 mg BID compared to placebo. Patients treated with either dose of
tofacitinib had greater mean decreases in baseline CRP compared to
placebo (p <0.001) although mean changes in FCP were not sig-
nificant at week 8.

In the maintenance study, a total of 180 patients were re-
randomized, 59 to placebo, 60 to tofacitinib 5mg BID, and 61 to

tofacitinib 10 mg BID. At week 26, the proportion of patients
achieving CR100 or remission was not significantly different in the
placebo group (38.1%) compared to patients receiving either dose of
tofacitinib (39.5% in the 5 mg BID group and 55.8% in the 10 mg BID
group). There was also no difference in the proportion of patients
achieving clinical remission or sustained remission at weeks 20 and
26, or differences in mean CDAI from baseline comparing placebo to
either tofacitinib dose. However, patients receiving 10 mg BID
tofacitinib did have significantly lower CRP and FCP compared to
patients receiving placebo after 26 weeks of therapy.

With respect to safety outcomes, treatment-emergent AEs were
reported in 60.4%, 58.1%, and 60.5% of patients receiving placebo,
tofacitinib 5 mg and 10 mg BID groups, respectively, after induction
therapy. In the maintenance study, treatment-emergent AEs were
reported in 74.6%, 83.3%, and 78.7% of patients, respectively.
Nominally, serious AEs were more commonly reported in the
maintenance study than in the induction study (10.0—13.1% vs.
3.3—11.6%), and more commonly amongst patients receiving tofa-
citinib 10mg BID (11.6% in induction, 13.1% in maintenance)
compared to tofacitinib 5mg BID (3.5% in induction, 10.0% in
maintenance) or placebo (3.3% in induction, 11.9% in maintenance).
In both induction and maintenance, gastrointestinal side effects,
namely nausea and CD worsening, and infections were the most
commonly reported AEs. In the maintenance study, three patients
treated with tofacitinib 5 mg BID experienced serious infections
(Clostridium difficile colitis, C. difficile infection and septic shock, two
perianal abscesses) and two patients treated with tofacitinib 10 mg
BID experienced serious infections (perianal abscess, pneumonia
influenza), but no cases of opportunistic infections were confirmed
by adjudication. Two cases of non-serious herpes zoster were re-
ported in patients treated with tofacitinib 10 mg BID. Treatment
with tofacitinib was associated with 8.4% and 11.5% increases from
baseline in total cholesterol for patients treated with tofacitinib
5mg and 10 mg BID, respectively, at week 8. At week 26, mean
change from baseline in total cholesterol was 3.3% and 0.2% for
patients treated with tofacitinib 5 mg and 10 mg BID, respectively.
No cases of cardiovascular events were reported in either induction
or maintenance.

Overall, the findings of this induction and maintenance trial
suggest some biological treatment effect with tofacitinib in CD.
However, the study failed to meet its primary endpoints likely due
to an excessively high placebo response and remission rate. The
authors have speculated on several trial design factors that may
have contributed to this high placebo response, including the use of
site-investigator rather than blinded central reading for study
enrolment, absence of defined FCP or CRP enrolment criteria, high
proportion of patients receiving corticosteroids, slow prolonged
corticosteroid taper during maintenance, and use of the CDAI as the
primary endpoint rather than endoscopic or patient-reported
outcomes. Indeed, in post-hoc analysis restricted to patients with
a Simple Endoscopic Score (SES-CD) >11 at baseline, treatment
with tofacitinib was associated with significantly greater rates of
clinical remission (48.9% with tofacitinib 10 mg BID vs. 23.4% with
placebo, p < 0.05) and composite remission defined by CDAI<150
and > 50% decrease in CRP or FCP (25.5% with tofacitinib 10 mg BID
vs. 6.4% with placebo, p <0.05) [10]. Similarly, placebo response
and remission rate were substantially decreased when the analysis
was restricted to patients with baseline CRP >5mg/L or FCP
>250 mg/kg. Irrespectively, tofacitinib drug development in phase
III trials for CD were not continued.

Filgotinib

Filgotinib (GLPG0634, GS-6034, Galapagos NV, Mechelen,
Belgium) is an oral JAK1 selective inhibitor with and ICsq for JAK1 of
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629 nM and a 28-fold selectivity for JAK1 over JAK2 [5]. Extensive
metabolization of the parent compound is occurring by carbox-
ylesterases, leading to an active metabolite with and ICsq for JAK1 of
11.9 uM and 8-fold selectivity for JAK1 over JAK2 [11]. Filgotinib has
a dose-proportional PK profile, characterized by a rapid absorption
and biphasic elimination, with an apparent mean terminal elimi-
nation half-life of ~6 h for the parent compound and ~23 h for the
active metabolite. This leads to a substantially higher exposure
(~16—20-fold) of the active metabolite over parent filgotinib, which
may compensate for the lesser potency of the former in contrib-
uting to the PD effect [12].

The efficacy of filgotinib as an induction agent in CD was
investigated in the European multicenter phase Il FITZROY study
[13]. Compared to the phase II trials of tofacitinib, the FITZROY
study used more strict inclusion criteria: eligible adult CD patients
were required to have active inflammation and ulceration at
screening defined by a centrally read ulceration score of >1 in at
least one ileocolonic segment and total SES-CD >7, in addition to
CDAI 220—450. Washout periods of 8 weeks for TNF antagonists
and 25 days for immunosuppressants were required, although
stable dose concurrent oral corticosteroids (<30 mg prednisolone
equivalent or budesonide <9 mg per day) were permitted. The
study consisted of two 10-week components: patients were
initially randomized 3:1 to filgotinib 200 mg daily or placebo,
stratified by TNF antagonist exposure, baseline CRP, and oral
corticosteroid use. After 10 weeks, patients not responding to pla-
cebo were switched to filgotinib 100 mg daily for 10 weeks whereas
patients responding to filgotinib were re-randomized 2:2:1 to fil-
gotinib 200 mg daily, 100 mg daily, or placebo. Patients not
responding to filgotinib during part 1 were re-randomized 3:1 to
filgotinib 200 mg daily or placebo. The intention-to-treat analysis
comprised of all patients who received either a single dose of fil-
gotinib or placebo.

The primary outcome was clinical remission defined by
CDAI<150 at week 10. Clinical remission and response by CDAI and
PRO2, endoscopic response (SES-CD reduction >50%), endoscopic
remission (SES-CD <4 and ulcerated surface subscore <1 in all five
ileocolonic segments), mucosal healing (SES-CD = 0), deep remis-
sion (CDAI<150 and SES-CD<4 and ulcerated surface subscore <1
in all five segments), and changes in CRP and FCP were assessed as
secondary outcomes. All endoscopic endpoints were adjudicated by
a blinded central reader. A total of 174 patients were randomized;
44 patients were assigned to placebo and 130 patients to filgotinib
200 mg daily. 64% (28/44) and 56% (73/130) of patients receiving
placebo or filgotinib, respectively, had previously experienced pri-
mary or secondary loss of response or intolerance to TNF antago-
nists. 52% (23/44) and 50% (65/130) of patients receiving placebo or
filgotinib, respectively, were receiving concomitant oral
corticosteroids.

Clinical remission was achieved by 47% (60/128) of patients
treated with filgotinib compared to 23% (10/44) patients receiving
placebo (p = 0.0077); this effect was more pronounced amongst
patients naive to TNF antagonist therapy (60% vs. 13%). Further-
more, CR100 was achieved by 59% (76/128) of patients treated with
filgotinib compared to 41% (18/44) of patients receiving placebo at
week 10 (p = 0.0453). Patients receiving filgotinib were signifi-
cantly more likely to achieve PRO2 remission (50%, 64/128)
compared to placebo (30%, 13/44) (p = 0.0277). At week 10,
numerically although not statistically higher rates of SES-CD 50%
response (25% vs. 14%, p = 0.16), endoscopic remission (14% vs. 7%,
p = 0.31), mucosal healing (4% vs. 2%, p = 0.82), and deep remission
(8% vs. 2%, p = 0.31) were observed comparing patients treated
with filgotinib to placebo. A significant reduction in mean baseline
total D’'Haens histopathology score (difference —3.8 [95%
Cl: —7.4, —0.3], p = 0.0359) was observed with filgotinib therapy

compared to placebo. Similarly, patients treated with filgotinib
were more likely to normalize their CRP and FCP. Finally, patients
treated with filgotinib experienced a greater mean increase in
baseline Inflammatory Bowel Disease Questionnaire (IBDQ) health-
related quality of life score (+33.8 [standard error (SE) 3.0] vs. +17.6
[SE 5.1] for placebo, p = 0.0046). The second observational
component of the FITZROY study demonstrated that 50% (15/30)
and 71% (10/14) of initial filgotinib responders randomized to fil-
gotinib 200 mg or 100 mg daily, respectively, were in clinical
remission at week 20. Among initial placebo non-responders, 59%
(13/22) achieved CR100 at week 20 and 32% (7/22) achieved clinical
remission.

A pooled safety analysis of both part 1 and 2 was performed,
comprising all periods of placebo or filgotinib exposure. The pro-
portion of patients experiencing treatment-emergent AEs were
similar between those receiving filgotinib (75%, 114/152) and pla-
cebo (67%, 45/67). A nominally higher rate of serious AEs occurred
in patients receiving filgotinib compared to placebo (9%, 14/152 vs.
4%, 3/67). Importantly, serious infections were reported in four
patients receiving filgotinib and none in the placebo group. These
findings corroborate a relatively high rate of serious and opportu-
nistic infections with tofacitinib therapy in ulcerative colitis (up to
5% in the OCTAVE trials) [14] and in pooled safety data from
rheumatoid arthritis [15]. Specifically, the risk of herpes zoster
infection appears to be elevated and may relate to class effects from
JAK inhibition rather than drug-specific AEs. Treatment with fil-
gotinib was also associated with an 11% increase in mean HDL and
12% increase in mean LDL at week 20.

Several important conclusions from the FITZROY study are likely
to inform the design of clinical trials of JAK inhibitors moving for-
wards. First, the FITZROY study used central reading of endoscopy
to define both enrolment criteria and outcomes; correspondingly,
there was a high rate of screening failure (44%) from inadequate
endoscopic disease burden. However, the enrolment of an appro-
priate population of patients with active inflammation at baseline
was associated with reduced clinical and endoscopic placebo
response rates in this study compared to phase II trials of tofaciti-
nib. Although treatment with filgotinib did not meet the pre-
specified endoscopic outcomes, it should be considered that
assessment of endoscopic ulcer resolution at 10 weeks may be too
early of a time point for assessment and an SES-CD score <4 is a
highly stringent endpoint to achieve. Taken together, the consis-
tently positive effects of treatment on clinical, patient-reported,
endoscopic, histologic, and biomarker endpoints in the FITZROY
study has fuelled interest that filgotinib may be a promising oral
therapy for CD. Hence, a large combined phase III induction and
maintenance trial evaluating filgotinib in moderate-to-severe CD is
currently enrolling (Diversityl, NCT02914561). Additionally, a
phase II trial evaluating the efficacy of filgotinib for achieving a
primary fistula endpoint at week 24 is enrolling (Divergence2,
NCT03077412); this would be the first placebo-controlled trial
assessing a primary CD fistula outcome since the landmark ACCENT
II trial of infliximab [16]. Finally, a phase II trial evaluating the ef-
ficacy of filgotinib for small bowel CD, measuring disease activity
both by PROs and magnetic resonance imaging is currently
recruiting (NCT03046056).

Upadacitinib

Upadacitinib (ABT-494, AbbVie, Chicago, United States) is an oral
JAK1 selective inhibitor with a 74-fold selectivity for JAK1 over JAK2
[17]. Upadacitinib is characterized by a bi-exponential and dose-
proportional PK profile with a functional half-life of ~4h [18].
Elimination of upadacitinib occurs through hepatic metabolization
[CYP3A4 & CYP2D6] (80%) and urinary elimination (20%).
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The efficacy of upadacitinib as an induction and maintenance
therapy in CD has been evaluated in a phase Il 16-week induction
and 36-week blinded extension study (CELEST); data from this trial
has been presented in abstract form [19—22]. Patients with
moderate-to-severe CD (defined by CDAI 220—450, average daily
liquid/soft SF score >2.5 or daily AP score >2.0, and total SES-CD >6
or >4 for isolated ileal disease) were randomized to placebo or one
of five upadacitinib doses (3, 6, 12, 24 mg BID or 24 mg daily) for 16
weeks, followed by a 36-week blinded extension treatment period.
Patients enrolled in the CELEST trial had almost exclusively failed or
were intolerant to TNF antagonists (96%). The co-primary endpoints
were clinical remission (defined by SF< 1.5 and AP <1, both not
worse than baseline) and endoscopic remission (SES-CD <4 and
>2-point reduction from baseline with no subscore >1). A modified
clinical remission definition of SF < 2.8 and AP <1.0, both not worse
than baseline in patients with SF > 4 or AP >2.0 at baseline was also
used. Other secondary endpoints included clinical response
(defined by > 30% reduction in AP or SF) and endoscopic response
(defined by > 25% reduction in baseline SES-CD).

A total of 220 patients were randomized (37 to placebo, 39 to
3 mg BID, 37 to 6 mg BID, 36 to 12 mg BID, 36 to 24 mg BID, and 35
to 24 mg upadacitinib daily). A clear dose response relationship for
clinical remission was not observed, although at week 16, a higher
proportion of patients treated with upadacitinib 6 mg BID (27%, 10/
37) achieved PRO-defined clinical remission compared to placebo
(11%, 4/37) (p < 0.10). Amongst patients receiving corticosteroids at
baseline, treatment with upadacitinib 24 mg BID was associated
with significantly higher rates of clinical remission (33.3%, 5/15)
compared to placebo (0%, p <0.05) [21]. A clearer dose response
relationship for endoscopic remission was observed: no patients
treated with placebo achieved endoscopic remission whereas 14%
(5/35) of patients receiving upadacitinib 24 mg daily and 22% (8/36)
of patients receiving upadacitinib 24 mg BID achieved endoscopic
remission (p < 0.05 and p < 0.01, respectively). Higher proportions
of patients treated with upadacitinib 6 mg BID, 12 mg BID, 24 mg
BID, and 24 mg daily achieved >25% and >50% reductions in SES-CD
from baseline compared to placebo (14% and 3%, respectively)
(p<0.05 for all comparisons). Patients treated with the highest
upadacitinib dose (24 mg BID) also had significantly greater re-
ductions in high sensitivity CRP compared to placebo (—14.8
vs. —0.1 mg/L, p <0.01).

The pooled proportion of patients experiencing any treatment-
emergent AE in the induction study were 73% (27/37) in the pla-
cebo group and 82% (150/183) in the upadacitinib arms. Serious
adverse events occurred in 5% (2/37) of patients receiving placebo
and 15% (27/183) of patients receiving upadacitinib. Eight patients
receiving upadacitinib experienced a serious infectious event,
including Eschericia coli bacteremia, subcutaneous abscess, ano-
rectal abscess, two severe urinary tract infections, and four cases of
sepsis. Two patients experienced a myocardial infarction and two
small bowel perforations occurred (all amongst patients receiving
upadacitinib).

Patients completing 16-week induction were then randomized
1:1:1 to double-blind upadacitinib 3 mg BID, 12 mg BID, or 24 mg
daily for 36 weeks; a subsequent protocol amendment dropped the
24 mg daily dose in favor of an intermediate 6 mg BID treatment
arm. A total of 180 patients were re-randomized and results were
stratified by clinical and endoscopic response at week 16. Amongst
clinical responders at week 16, clinical remission was achieved in
25% (8/32), 28.6% (4/14), 41.4% (12/29), and 31.6% (6/19) of patients
receiving upadacitinib 3 mg BID, 6 mg BID, 12 mg BID, and 24 mg
daily, respectively, at week 52. Amongst clinical and endoscopic
responders at week 16, 25% (5/20), 25% (2/8), 37.5% (6/16), and 10%
(1/10) of patients receiving upadacitinib 3 mg BID, 6 mg BID, 12 mg
BID, and 24 mg BID, respectively, achieved week 52 endoscopic

remission. No new safety signals were identified in the mainte-
nance study: among 178 patients included in the safety analysis,
AEs were reported in 70% (125/178), serious AEs in 15% (26/178),
and infections in 34% (60/178) of patients receiving upadacitinib.
Based on promising clinical and endoscopic efficacy in the
CELEST trial, particularly in a difficult-to-treat patient CD popula-
tion failing biologic therapy, two large phase Il trials enrolling
patients failing either biologic (NCT03345836) or conventional
non-biologic (NCT03345849) therapies are now enrolling.

Summary

JAK inhibitors are an attractive therapeutic option given that
these are orally bioavailable molecules with an acceptable safety
profile that have demonstrated efficacy in patients with CD, both
naive and with prior exposure to TNF antagonists. Head-to-head
trials are needed to determine positioning of JAK inhibitors for
the treatment of moderate-to-severe active CD alongside TNF an-
tagonists, ustekinumab and vedolizumab. Network meta-analyses,
based on indirect comparisons, have indicated that in patients with
moderate-to-severe UC, the efficacy of JAK inhibitors was compa-
rable to the aforementioned biologics [23] and that in patients with
prior exposure to TNF antagonists, JAK inhibitors were ranked
highest as a second-line treatment [24]. Similar results are to be
expected in patients with CD, but network meta-analyses are
currently not available.

As more JAK inhibitors are being evaluated, it is clear that study
design of clinical trials for this class of therapy is key. Ensuring
enrolment criteria include patients with active inflammation and
using central reading of endoscopy for enrolment and endpoint
adjudication can reduce clinical and endoscopic placebo response
rates as shown for filgotinib in comparison to tofacitinib trials.
Furthermore, assessment of endoscopic ulcer resolution before 10
weeks may be too early for achieving the stringent endpoint of SES-
CD score <4. Most compounds undergo extensive hepatic metabo-
lization, whereby the PK profile may be impacted by other com-
pounds that are either inducers, inhibitors, or substrates of CYP
enzymes. Although well described for the systemic circulation, the PK
profile of JAK inhibitors at site of action, in the gut tissue, remains to be
elucidated. From a PD perspective, further translational research
needs to unravel the specific mechanism of action of JAK inhibitors,
the importance of JAK selectivity and/or locally acting JAK inhibitors.
This could help identify predictors of response to JAK inhibitors and
may guide patients to the most effective treatment more efficiently.

Practice points

- JAK inhibitors have the potential to become an attractive
treatment option for patients with active moderate-to-severe
CD.

Research points

- Head-to-head trials are needed to determine positioning of JAK
inhibitors for the treatment of patients with moderate-to-severe
active CD.

- Determining the exposure-response relationship of JAK in-
hibitors at site of action, in the gut tissue, may help with drug
development of more targeted therapies with less systemic
exposure.

- Identifying predictors and biomarkers of efficacy to JAK in-
hibitors may help to guide patients to the most effective therapy
more efficiently.
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- Real-world evidence studies are needed to evaluate the safety
(e.g. risk of infections) of treatment with JAK inhibitors in pa-
tients with moderate-to-severe CD.
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