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Abstract: In recent years, knowledge about the pathophysiology of
inflammatory bowel disease (IBD) has led to the development of novel
therapies and biologics with differing mechanisms of action. A major
innovation has been the development of small molecules. Tofacitinib
was the first pan-Janus kinase (Jak) inhibitor approved for the treatment
of IBD, targeting the 4 isoforms of cytokine-associated Jaks (Jak1, Jak2,
Jak3, and tyrosine-protein kinase 2). Compared with biologic agents,
novel small molecules have a short half-life, a rapid onset of action,
and no immunogenicity, but they are associated with a potentially
increased risk of off-target side effects. These differences in properties
between biologic and oral small molecule therapies may be important
when considering their relative treatment positioning and role in clini-
cal practice. Although tofacitinib has been demonstrated to be highly
effective as both first- and second-line therapy for ulcerative colitis,
concerns about safety, including the risk of infection, venous thrombo-
embolism, major adverse cardiovascular events, and malignancy, have
dampened enthusiasm for its widespread use. Subsequently, several
Jak inhibitors with more selective profiles, and potentially improved
safety while maintaining treatment efficacy, are currently in late-stage
clinical trials for use in patients with IBD. This article summarizes the
current data regarding the use, safety, and efficacy of Jak inhibitors in
patients with IBD.

hronic inflammatory bowel disease (IBD) comprises ulcerative
colitis (UC) and Crohn’s disease (CD), which are disabling,
relapsing, and remitting disorders of uncertain etiology. In
recent years, further evidence has accumulated to support that UC and
CD result from an exaggerated immune response to an environmental
trigger in genetically susceptible hosts.'* Considerable progress has been
made in the treatment of both diseases, notably the advent of monoclo-
nal antibody therapies, and success with anticytokine and anti-integrin
therapies in particular. Although monoclonal antibody therapy has been
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a paradigm shift in management, many patients still do
not respond. For example, approximately 30% of patients
treated with tumor necrosis factor (TNF) antagonists are
primary nonresponders, and another 20% to 40% of
TNF antagonist responders will experience secondary
loss of response.”® Loss of response can be related to the
development of antibodies to biologics or immune escape
mechanisms. Although surgical rates have decreased
in parallel with the availability of advanced treatments
for IBD, bowel resection continues to be necessary in a
substantial proportion of patients for the management
of medically refractory disease.”” Consequently, there
remains an unmet need to develop treatments with alter-
native mechanisms of action to improve rates of remis-
sion achieved with current agents. The development of
small molecules, specifically Janus kinase (Jak) inhibitors,
may help to address this unmet need.

Jaks are intracellular proteins that consist of 4 differ-
ent isoforms: tyrosine kinases Jakl, Jak2, and Jak3 and
nonreceptor tyrosine-protein kinase (Tyk) 2.'®'" This
family was identified by Wilks in 1989," and Tyk2 was
the first gene member cloned and synthesized in 1990
by Firmbach-Kraft and colleagues.’® Jaks are named after
Janus, the 2-faced Roman god of doorways, beginnings,
and transitions, because Jaks have 2 phosphate-transfer-
ring domains: one domain exhibits the kinase activity
(JH1) and the other negatively regulates the kinase activ-
ity JH2).4

Cytokines are proteins that can bind to different
types of receptors. Type 1 and 2 cytokine receptors are
associated intracellularly with Jak tyrosine kinases. Type
1 receptors have common subunits: y-chain (CD132),
B-chain (CD131), and glycoprotein 130 (gpl130 or
CD130). Receptors with a Yy-chain subunit bind to
interleukin (IL)-2, IL-4, IL-7, IL-9, and IL-15, and their
intracellular signaling is through Jak1 and Jak3. Receptors
with a B-chain subunit bind to IL-3, IL-5, and granu-
locyte-macrophage colony-stimulating factor, signaling
through Jak2. Receptors with gp130 bound to IL-6 or
IL-11 signal through Jakl, and those bound to IL-12
signal through Tyk2.'>!¢ Likewise, type 2 receptors bound
to interferon (IFN)-a, IFN-B, IL-10, or IL-20 signal
through Jakl, and those bound to IFN-y signal through
Jak1 and Jak2.!>'¢ After cytokine binding, the type 1 and
2 cytokine receptor subunits bring their intracellular tails
close to the Tyks, and Jak phosphorylates the tyrosine
receptor residues, activating the signal transducer and
activator of transcription (STAT), a family of DNA-bind-
ing proteins that, once reaching the nucleus, regulates the
expression of genes relevant to immune and inflammatory
cellular responses.'"” Cytokines more involved in gut cell
homeostasis and IBD pathophysiology are IL-2, IL-6,
IL-10, IFN-y, IL-12, IL-23, and IL-9.

Jak proteins are expressed in all cell types, except for
Jak3, which is predominantly expressed in hematopoi-
etic cells.'”® Several human diseases have been related to
mutations and polymorphisms in Jak and STAT genes.
For instance, mutations in Jak2 can cause polycythemia
vera, essential thrombocythemia, and myelofibrosis, and
mutations in Jakl and Jak3 are associated with T-cell
acute lymphoblastic leukemia and breast cancer.!?

Jakl and Jak2 deficiency phenotypes have not been
described in humans, as these are incompatible with
life.?' Jak3 deficiency induces severe combined immuno-
deficiency secondary to the absence of y-chain subunit at
the type 1 cytokine receptor, and the complete absence
of Jak3 leads to a phenotype of deep T-lymphocyte and
natural killer cells deficit with susceptibility to life-threat-
ening infections. Although lymphocyte B-cell counts are
preserved, they present some functional abnormalities,
especially related to antibody production.?*#

Jak inhibitors are orally administered small molecules
that have a rapid onset of action and lack of immuno-
genicity. They act by competitively blocking the adenosine
triphosphate-binding site in the JH1 domain through
noncovalent interactions.”” Multiple Jak inhibitors have
been developed with different selectivity profiles for block-
ing 1 or more of the intracellular tyrosine kinases Jak1,
Jak2, Jak3, and Tyk2, and act by downregulating the Jak-
STAT signaling pathway, interfering in the pathogenesis of
immune-mediated disorders, including IBD.!*!! Although
Jak inhibitors are not specific therapies and can affect mul-
tiple cytokine-related IBD pathways, their dose-depen-
dent lack of selectivity can carry a higher risk of off-target
adverse events (AEs), which may be improved with more
cytokine-selective or organ-specific molecules."”

This article aims to summarize the evidence per-
taining to the use, safety, and efficacy of Jak inhibitors in
patients with IBD'® (see eTable at www.gastroenterology-
andhepatology.net).

Tofacitinib

Tofacitinib (Xeljanz, Pfizer) is an oral pan-Jak inhibitor
that was initially approved in 2012 for the treatment
of moderate-to-severe rheumatoid arthritis (RA)** and
in 2017 for psoriatic arthritis.”> In 2018, the European
Medicines Agency (EMA)*® and the US Food and Drug
Administration (FDA)¥ initially approved tofacitinib for
the treatment of patients with moderate-to-severe UC,
and in 2019 for patients after an inadequate response or

intolerance to TNF antagonists.?®%

Ulcerative Colitis
Tofacitinib for the treatment of moderate-to-severe UC
was initially evaluated in a phase 2, double-blind, placebo-
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Table 1. Remission Rates for Tofacitinib vs Placebo in the OCTAVE 1 and 2 Trials in Patients With and Without Prior

TNF Antagonist Failure®?

Prior TNF Antagonist Failure No Prior TNF Antagonist Failure
Tofacitinib Tofacitinib

Placebo 10 mg BID Placebo 10 mg BID

N=124 N=465 Difference N=110 N=440 Difference
Patients in

L 10.6% (95% CI, 12.3% (95% CI,
0, 0, 0, 0,

ﬁle/l;/l:;slon 1/0.8% 53/11.4% 7.0%-15.7%); P<.01 13/11.8% 106/24.1% 5.0%-19.5%): P<.01

BID, twice daily; TNF, tumor necrosis factor.

controlled, randomized controlled trial (RCT) that
enrolled 194 patients randomized to 0.5 mg, 3 mg, 10
mg, or 15 mg of tofacitinib twice daily (BID) or placebo
for 8 weeks and then followed to week 12. The primary
endpoint of clinical response occurred in 32% (10/31;
P=.39), 48% (16/33; P=.55), 61% (20/33; P=.10), and
78% (38/49; P<.001) of patients in the tofacitinib 0.5
mg, 3 mg, 10 mg, and 15 mg groups, respectively, com-
pared with 42% (20/48) of patients assigned to placebo.
Rates of the secondary endpoint of clinical remission
(the usual endpoint for drug registration in UC) were
also higher for the tofacitinib 3 mg (33%; P=.01), 10 mg
(48%; P<.01), and 15 mg (41%; P<.01) groups than for
the placebo group (10%).%°

Given the encouraging results, this initial study
was followed by 2 induction and 1 maintenance phase
3, double-blind, placebo-controlled RCTs.?' The induc-
tion studies, OCTAVE 1 and 2, included 598 and 541
patients, respectively, with moderate-to-severe UC who
were randomized to tofacitinib 10 mg BID or placebo for
8 weeks. The primary endpoint of clinical remission (total
Mayo score <2 with no subscore >1 and rectal bleeding
subscore=0) at week 8 was reached in 18.5% of patients
who received tofacitinib compared with 8.2% of those in
the placebo arm (P=.007) in the OCTAVE 1 trial, and in
16.6% vs 3.6% (P<.001) in the OCTAVE 2 trial. In both
trials, efficacy of tofacitinib was greater than placebo, irre-
spective of previous TNF antagonist exposure (Table 1).
The secondary endpoint, mucosal healing (Mayo endo-
scopic subscore <1) at week 8, was observed in 31.3% of
patients in the tofacitinib arm vs 15.6% in the placebo
arm (P<.001) in OCTAVE 1, and in 28.4% vs 11.6%
(P<.001), respectively, in OCTAVE 2.3

The maintenance trial, OCTAVE Sustain, included
593 patients with UC who had previously achieved clini-
cal response (decrease of 23 points and 230% of the total
Mayo score from baseline with a decrease of 21 point or
a total score of 0 or 1 for the rectal bleeding subscore)
during the induction trials. Patients were rerandomized
to receive tofacitinib 5 mg BID, tofacitinib 10 mg BID,
or placebo for 52 weeks. The primary endpoint of clinical

remission at week 52 was achieved in 34.3% (68/198),
40.6% (80/197), and 11.1% (22/198) of patients in the
tofacitinib 5 mg, tofacitinib 10 mg, and placebo arms,
respectively (P<.001 for both treatment arms vs placebo).
The secondary endpoint of mucosal healing at week
52 occurred in 37.4% (74/198), 45.7% (90/197), and
13.1% (26/198) of the tofacitinib 5 mg, tofacitinib 10
mg, and placebo arms, respectively (P<.001 for both treat-
ment arms vs placebo). Corticosteroid-free remission was
achieved by 35.4% (23/65), 47.3% (26/55), and 5.1%
(3/59) of the tofacitinib 5 mg, tofacitinib 10 mg, and pla-
cebo arms, respectively (P<.001 for both treatment arms
vs placebo). A subgroup of patients that did not respond
after 8 weeks of induction continued tofacitinib 10 mg
BID for 8 more weeks, achieving a late clinical response
rate of 52.2% (154/295).3132

The long-term open-label extension (OLE) of the
OCTAVE studies assessed dose de-escalation of tofaci-
tinib 10 mg BID to 5 mg BID in 66 patients who had
previously achieved and maintained clinical remission
after 52 weeks of treatment with tofacitinib 10 mg BID.
Conversely, dose escalation to tofacitinib 10 mg BID was
attempted in 57 patients who had previously achieved
response during induction but had lost response during
the maintenance phase while on tofacitinib 5 mg BID.
For patients in the dose de-escalation group, 84.1%
(53/63) maintained clinical response and 74.6% (47/63)
maintained clinical remission at 12 months. For patients
in the dose escalation group, 64.9% (37/57) recaptured
clinical response and 49.1% (28/57) recaptured clinical
remission at 12 months.*

The speed of onset of tofacitinib in UC was further
investigated in a post hoc analysis of OCTAVE 1 and 2,
which demonstrated that patients who received tofaci-
tinib 10 mg BID vs placebo were more likely to have a
reduction in stool frequency subscore (mean reduction
from baseline of -0.27 vs -0.11; P<.01) and rectal bleed-
ing subscore (-0.30 vs -0.14; P<.01) as early as 3 days after
starting therapy.*

Owing to the potential of the drug to deliver rapid
control of disease activity, tofacitinib has been used off-
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Table 2. Comparative Efficacy of Tofacitinib and Different Biologic Therapies for Inducing Clinical Remission in Biologic-

Naive and -Experienced Patients With Moderate-to-Severe Ulcerative Colitis™

Infliximab Adalimumab

Golimumab Vedolizumab Ustekinumab

Tofacitinib

Biologic-Naive® 1.91 (0.83-4.38)

1.1 (0.76-2.75)

0.76 (0.33-1.76) 0.84 (0.39-1.82) 0.96 (0.38-2.45)

Tofacitinib
Biologic-
Experienced®

N/A 11.05 (1.79-68.41)

N/A 6.18 (1.00-38.00) 0.97 (0.11-8.72)

*0dds ratio (95% CI).
N/A, not available.

label in hospitalized patients with acute severe UC
(ASUC), at higher doses such as 10 mg 3 times a day
(TID) for 9 doses. One case series of 4 patients who had
failed intravenous (IV) corticosteroids or TNF antago-
nists reported that 3 of 4 patients achieved clinical remis-
sion.”> Also, individual case reports have suggested that
tofacitinib might be effective for cases of severe colitis that
have failed a TNF antagonist.’® A retrospective case-con-
trol study of 40 biologic-experienced patients with ASUC
requiring IV corticosteroids who received tofacitinib and
were matched to 113 control patients found that patients
who received tofacitinib had a lower risk of colectomy at
90 days (hazard ratio [HR], 0.28; 95% CI, 0.10-0.81;
P=.018). Furthermore, when risk of colectomy was
stratified by treatment dose, the most protective dose was
tofacitinib 10 mg TID (HR, 0.11; 95% CI, 0.02-0.56;
P=.008) compared with tofacitinib 10 mg BID (HR,
0.66; 95% CI, 0.21-2.09; P=.5).>” However, this is off-la-
bel use, and these observations should be assessed in a
controlled clinical trial.

A recent post hoc analysis that pooled data from the
phase 3 induction and maintenance trials as well as the
dose de-escalation subpopulation in OCTAVE Open
showed that remission after induction (week 8) in the pla-
cebo and tofacitinib groups without prior failure to TNF
antagonists was 11.8% vs 24.1%, respectively (treatment
difference from placebo, 12.3%; 95% CI, 5.0%-19.5%;
P<.01). In patients with prior failure to 1 TNF antagonist,
clinical remission rates were 1.2% vs 12.5% (treatment
difference from placebo, 11.3%; 95% CI, 7.0%-15.7%;
P<.01), and in patients with prior failure to 2 or more
TNF antagonists, clinical remission rates were 0.0% vs
9.2% (treatment difference from placebo, 9.2%; 95%
CL, 4.6%-13.7%; P<.05), respectively. Regarding the
mechanism for TNF antagonist loss of response, clinical
remission rates were 1.4% vs 7.5% (treatment difference
from placebo, 6.2%; 95% CI, 2.0%-10.3%; P<.05) in
the placebo and tofacitinib groups with prior primary loss
of response, and 0.0% vs 16.6% (treatment difference
from placebo, 16.6%; 95% CI, 11.2%-21.9%; P<.01) for
those with secondary loss of response, respectively. The

consistent treatment effects show that the efficacy of
tofacitinib was greater than placebo, regardless of previ-
ous exposure to TNF antagonists, the number of TNF
antagonists previously used, and the mechanism of loss
of response.*

A recent network meta-analysis compared the effi-
cacy of drugs used for the treatment of moderate-to-severe
UC in prior TNF antagonist—exposed and biologic-naive
patients. This network meta-analysis included 15 RCTs for
induction of remission in biologic-naive and -experienced
patients with moderate-to-severe UC (n=3747) treated
with infliximab, adalimumab, golimumab (Simponi,
Janssen), vedolizumab (Entyvio, Takeda), tofacitinib, or
ustekinumab (Stelara, Janssen). Efficacy of tofacitinib to
induce clinical remission compared with other agents in
patients with moderate-to-severe UC showed no supe-
riority in biologic-naive patients; however, in biologic-
experienced patients, tofacitinib and ustekinumab were
superior to adalimumab and vedolizumab in this subgroup
of patients (Table 2).%

Given the previous findings, the current American
Gastroenterological Association clinical practice guide-
lines recommend the use of tofacitinib or ustekinumab
for the treatment of moderate-to-severe UC in patients
with prior biologic exposure.”

Crohn’s Disease

Tofacitinib has also been studied in patients with CD. In
a phase 2 RCT, 139 patients with moderate-to-severe CD
received tofacitinib 1 mg, 5 mg, or 15 mg BID or placebo
for 4 weeks. The primary endpoint, clinical response
(decrease in the Crohn’s Disease Activity Index [CDAI] of
270 points from baseline score), was observed in 36.1%
(13/36; P=.467), 57.6% (19/33; P=.466), 45.7% (16/35;
P2.999), and 47.1% (16/34) of patients in the tofacitinib
1 mg, 5 mg, and 15 mg, and placebo arms, respectively.
For the secondary endpoint, clinical remission, results
were similar, with none of the tofacitinib doses achieving
significantly different results compared with placebo.®
Given the historically high placebo rates in CD trials,
modern studies not only assess clinical activity but also
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endoscopic disease activity as inclusion criteria. This par-
ticular study enrolled patients on the basis of CDAI scores
between 220 and 450, using endoscopic assessment to
define disease extension but not to assess mucosal inflam-
mation to confirm endoscopic disease activity, which may
explain the unprecedently high placebo rates obtained.

Panés and colleagues conducted 2 RCTs in 280
patients with moderate-to-severe CD. During induction,
patients received tofacitinib 5 mg BID (n=86) or 10 mg
BID (n=86), or placebo (n=91) for 8 weeks, followed by
a 26-week maintenance period for patients who achieved
clinical response or remission during induction (n=180).
For induction, clinical remission was not significantly
different between tofacitinib arms and placebo (P=.325
and P=.392 for tofacitinib 5 mg BID and 10 mg BID vs
placebo, respectively); nonetheless, the mean change in
C-reactive protein from baseline between tofacitinib 5
mg BID and 10 mg BID and placebo was significantly
different (P<.001 and P<.0001 for 5 mg BID and 10 mg
BID vs placebo, respectively), showing evidence of bio-
logic activity.”!

Other open-label studies and real-world data have
suggested some efficacy of tofacitinib as maintenance
therapy; nonetheless, the results have not been strong
enough to pursue the phase 3 trial for tofacitinib in
patients with CD.*#

Upadacitinib

Upadacitinib (Rinvoq, AbbVie) is a selective oral Jakl
inhibitor that was initially approved in 2019 by the FDA
for the treatment of patients with moderate-to-severe
RA.# A recent head-to-head trial in patients with RA
previously exposed to biologic therapy (N=612) showed
that upadacitinib 15 mg once daily (OD) (n=303) was
superior to IV abatacept (n=309), with remission rates of
30% and 13.3%, respectively (difference, 16.8%; 95%
CI, 10.4%-23.2%; P<.001).% Another head-to-head trial
that compared upadacitinib 15 mg orally OD (n=651),
adalimumab 40 mg subcutaneously every 2 weeks
(n=327), and placebo (n=651) for patients with RA who
had prior failure to methotrexate showed similar results,
with remission rates of 18%, 10%, and 4%, respectively
(P<.001 for upadacitinib vs adalimumab or placebo).”
Upadacitinib is currently under development for the
treatment of patients with UC and CD.

Ulcerative Colitis

A phase 2b, placebo-controlled RCT evaluated upad-
acitinib for induction therapy in moderate-to-severe
UC patients with previous inadequate response, loss
of response, or intolerance to corticosteroids, immu-
nosuppressive agents, and/or biologic therapies. The

U-ACHIEVE study enrolled 250 patients to upad-
acitinib 7.5 mg, 15 mg, 30 mg, or 45 mg or placebo
for 8 weeks; overall, 227 patients completed the study.
The primary endpoint of clinical remission (total Mayo
score <2 with no subscore of >1) was observed in 8.5%
(P=.052), 14.3% (P=.013), 13.5% (P=.011), and 19.6%
(P=.002) of patients on upadacitinib 7.5 mg, 15 mg, 30
mg, and 45 mg, respectively, and in 0% of patients on
placebo. The secondary endpoint of endoscopic improve-
ment (Mayo endoscopic subscore of <1) was observed
in 14.9% (P=.033), 30.6% (P<.001), 26.9% (P<.001),
and 35.7% (P<.001) of patients on upadacitinib 7.5 mg,
15 mg, 30 mg, and 45 mg, respectively, and in 2.2% of
patients on placebo. Histologic improvement, defined as
any decrease from baseline in Geboes Score, was observed
in 31.9% (P=.003), 51.0% (P<.001), 44.2% (P<.001),
and 48.2% (P<.001) of patients on upadacitinib 7.5 mg,
15 mg, 30 mg, and 45 mg, respectively, and in 6.5% of
patients on placebo.*®

Recently, two phase 3 induction trials that assessed
efficacy and safety of upadacitinib in patients with moder-
ate-to-severe UC failing conventional therapy and/or bio-
logic agents have been presented in abstract form. In the
phase 3 U-ACHIEVE trial, 26.1% of patients receiving
upadacitinib 45 mg OD (N=319) achieved the primary
endpoint of clinical remission at week 8 vs 4.8% in the
placebo group (N=153) (difference, 21.6%; 95% CI,
15.8%-27.4%; P<.001).* Moreover, similar results were
obtained in the identically designed U-ACCOMPLISH
trial, which reported that 33.5% of patients receiving
upadacitinib (N=341) achieved the primary endpoint of
clinical remission vs 4.1% in the placebo group (N=174)
(difference, 29.0%; 95% CI, 23.2%-34.7%; P<.001).°
Given the promising results from these phase 2 and 3
studies, the full phase 3 data as well as maintenance and
OLE results are eagerly awaited.

Crohn’s Disease

The phase 2, placebo-controlled RCT CELEST evaluated
upadacitinib 3 mg, 6 mg, 12 mg, or 24 mg BID, upad-
acitinib 24 mg OD, or placebo for an induction period of
16 weeks followed by a maintenance period of 36 weeks
in 220 patients with moderate-to-severe CD. During
induction, the coprimary endpoint of clinical remission
(average daily stool frequency of <1.5 and abdominal pain
score of <1.0, with neither score worse than the baseline
value) was observed in 13% (5/39), 27% (10/37; P<.1),
11% (4/36), 22% (8/36), and 14% (5/35) of patients
receiving upadacitinib 3 mg, 6 mg, 12 mg, and 24 mg
BID, and upadacitinib 24 mg OD, respectively, and in
11% (4/37) of patients receiving placebo at week 16.
A clear dose-response relationship was not observed for
clinical remission. However, for the second coprimary
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endpoint, endoscopic remission (Simple Endoscopic
Score for CD <4 and reduction of >2 points from base-
line with no subscore >1) rates of 10% (4/39; P<.1), 8%
(3/37), 8% (3/36; P<.1), 22% (8/36; P<.1), and 14%
(5/35; P<.05) were observed in the upadacitinib 3 mg,
6 mg, 12 mg, and 24 mg BID, and 24 mg OD groups,
respectively, and in 0% (0/37) of patients who received
placebo. During the maintenance phase at week 52 of
the study, among the 94 patients who achieved modified
intention to treat clinical response after induction, clinical
remission was achieved in 25.0%, 28.6%, 41.4%, and
31.6% of patients who received upadacitinib 3 mg, 6 mg,
and 12 mg BID, and upadacitinib 24 mg OD, respec-
tively; corresponding rates for endoscopic remission were
15.9%, 21.3%, 24.4%, and 25.5%, respectively.’! Col-
lectively, these data indicate a signal for efficacy of upad-
acitinib in patients with CD. Phase 3 trials are underway
in patients with moderate-to-severe CD who have had an
inadequate response or were intolerant to biologic therapy
(NCT03345836 [active, not recruiting], NCT 03345849
[recruiting], NCT03345823 [enrolling by invitation]).

Filgotinib

Filgotinib (Gilead Sciences) is a Jakl selective inhibitor
approved in 2020 by the EMA for the treatment of
patients with moderate-to-severe RA at a dose of 200 mg
OD.” Recently, in the phase 3 FINCH study, patients
with active RA (N=1252) were randomized to filgotinib
200 mg OD with weekly methotrexate (n=416), filgotinib
100 mg OD with weekly methotrexate (n=207), filgotinib
200 mg OD alone (n=210), or weekly methotrexate alone
(n=416), showing that remission rates at week 24 were
higher with filgotinib 100 mg or 200 mg plus methotrex-
ate or filgotinib 200 mg OD compared with methotrexate
monotherapy (43%, 54%, and 42% vs 29%, respectively;
P<.001 for all comparisons).”

For UC, the SELECTION induction phase 2b/3
studies randomized patients with moderate-to-severe
UC who were either biologic naive (cohort A, n=659) or
with previous failure to biologics (cohort B, n=625) to
filgotinib 200 mg OD, filgotinib 100 mg OD, or pla-
cebo. The primary endpoint, clinical remission at week
10, was achieved in significantly higher proportions of
patients treated with filgotinib 200 mg than placebo in
both biologic-naive (26.1% [64/245] vs 15.3% [21/137];
P=.0157) and biologic-experienced (11.5% [30/262]
vs 4.2% [6/142]; P=.0103) patients.”® Furthermore,
the biologic-naive patients who received filgotinib 200
mg achieved significantly higher endoscopic remission
(12.2% [30/245] vs 3.6% [5/137]; P=.0047) and his-
tologic remission (35.1% [86/245] vs 16.1% [22/137];
P<.0001) rates compared with placebo.”®

In the maintenance phase, patients who received
filgotinib during induction therapy were rerandomized to
continue filgotinib (100 mg or 200 mg OD) or receive
placebo, and patients who received placebo during induc-
tion continued to receive placebo. At week 58, clinical
remission rates were significantly higher for patients on fil-
gotinib 200 mg (37.2% vs 11.2%; P<.025) and filgotinib
100 mg (23.8% vs 13.5%; P<.05) compared with placebo.
Moreover, patients receiving filgotinib 200 mg mainte-
nance therapy also achieved significantly higher rates of
6-month corticosteroid-free clinical remission (27.2%
vs 6.4.0%; P=.0055), endoscopic remission (15.6% vs
6.1%; P=.0157), and histologic remission (38.2% vs
13.3%; P<.0001) at week 58 than patients receiving pla-
cebo.” Currently, the phase 3, long-term extension of the
SELECTION study (NCT02914535) is evaluating the
long-term safety of filgotinib in patients with UC.

In CD, the phase 2 FITZROY trial enrolled
174 patients with moderate-to-severe CD who were
either biologic naive (n=73) or who had previously
failed biologic therapy (n=99) and randomized them
to filgotinib 200 mg OD or placebo. Overall, clinical
remission (CDAI score <150) was observed in 47%
(60/128) of patients who received filgotinib 200 mg
OD compared with 23% (10/44) of patients assigned to
placebo (P=.007). Furthermore, this difference relative
to placebo was higher for patients in the biologic-naive
group (60% [34/57] vs 13% [2/16]).>° Two phase 3 trials
in patients with moderate-to-severe CD are currently
underway. The DIVERSITY trial (NCT02914561) is
recruiting both biologic-naive and -experienced patients
with moderate-to-severe CD to evaluate the efficacy and
safety of filgotinib during induction and maintenance,
with a long-term extension planned (DIVERSITY LTE;
NCT02914600). In addition, two phase 2 trials for fis-
tulizing CD are under development, DIVERGENCE 1
(NCT03046056) for patients with small bowel CD and
DIVERGENCE 2 (NCT03077412) for patients with
perianal fistulizing CD.

Peficitinib

Peficitinib (Astellas) is an oral pan-Jak inhibitor with
moderate selectivity for Jak3 for the treatment of patients
with moderate-to-severe RA at a dose of 100 mg or 150
mg OD. A phase 2b, dose-ranging, double-blind, place-
bo-controlled RCT enrolled 219 patients with moder-
ate-to-severe UC. Participants were randomized to receive
peficitinib 25 mg, 75 mg, or 150 mg OD, peficitinib 75
mg BID, or placebo. The primary endpoint, dose response
measured by the change in total Mayo score at week 8
from baseline, did not show a linear relationship; how-
ever, greater proportions of patients in the peficitinib 75
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mg OD, 150 mg OD, and 75 mg BID arms achieved the
secondary endpoints of clinical response, clinical remis-
sion, and mucosal healing at week 8 than the placebo and
peficitinib 25 mg OD groups.” No studies are currently
registered for further evaluation of peficitinib in patients

with UC or CD.
Other Janus Kinase Inhibitors

Several additional Jak inhibitors are being developed for
IBD treatment. TD-1473 (izencitinib, jointly developed
by Theravance and Janssen Biotech) is a poorly absorbed
pan-Jak inhibitor designed for selective activity in the gas-
trointestinal tract. In murine colitis models, local efficacy
was demonstrated despite minimal systemic plasma drug
concentrations.’® Conversely, high biologically active
colonic tissue drug concentrations indicated that target-
ing the gut compartment might be an effective strategy to
minimize AEs. A phase 1b study that randomized patients
with moderate-to-severe UC to TD-1473 20 mg, 80 mg,
or 270 mg or placebo for 28 days of treatment showed that
low drug plasma exposure and biologically active colonic
tissue drug concentrations could be achieved. Although
the study was not powered for efficacy analyses, the results
showed that a higher proportion of patients achieved clin-
ical response, endoscopic response, and improvement in
all TD-1473 groups than placebo.” Recently, TD-1473
failed to meet the primary efficacy endpoint of change in
the total Mayo score at week 8 in patients with moder-
ate-to-severe UC.%

Tyk2 mediates the signaling of IL-10, IL-12, IL-23,
and IFN, and in vitro studies demonstrated that its
inhibition led to loss of function and impaired signaling
of these cytokines but was not associated with increased
risk of infections or malignancies.®' The selective Tyk2
inhibitor deucravacitinib (Bristol Myers Squibb) failed to
meet the primary efficacy endpoint of clinical remission
at week 12 in patients with moderate-to-severe UC.%
Brepocitinib (Pfizer; a selective Jakl and Tyk2 inhibitor)
and PF-06826647 (Pfizer; a Tyk2/Jak2 inhibitor) are
currently undergoing phase 2 studies for the treatment
of moderate-to-severe UC and CD. Results from these
ongoing trials are awaited.

Safety Profiles of Janus Kinase Inhibitors

Considerable data are available regarding the safety of Jak
inhibitors in patients treated for IBD and other immune
disorders. A systematic review of 82 studies analyzed
safety data of 66,159 patients exposed to Jak inhibitors
for different immune disorders, including RA, psori-
asis, IBD, and ankylosing spondylitis, with 87.16% of
patients exposed to tofacitinib. The incidence rates (IRs)

of AEs and severe AEs (SAEs) were 42.69 per 100 patient-
years and 9.98 per 100 patient-years, respectively, and
the overall relative risk (RR) of AEs and SAEs was 1.01
(95% CI, 0.97-1.06) and 0.98 (95% CI, 0.83-1.15),
respectively.®® A systematic review and meta-analysis that
evaluated the efficacy and safety profiles of different Jak
inhibitors (tofacitinib, filgotinib, peficitinib, upadaci-
tinib, and TD-1473) compared with placebo in patients
with UC and CD showed that patients treated with Jak
inhibitors were overall not at a significantly higher risk
for AEs (RR, 1.02; 95% CI, 0.97-1.09; P=.412) com-
pared with placebo.®

A systematic review and meta-analysis by Ma and
colleagues that evaluated Jak inhibitors in UC and CD
trials showed that 7 studies evaluated infectious AEs,
noting that Jak inhibitors were associated with a higher
risk of infections overall (RR, 1.4; 95% CI, 1.18-1.67;
P<.001), especially upper respiratory tract infections.*
Furthermore, in IBD trials a higher rate of patients with
herpes zoster (HZ) was observed in the treatment arm (4
cases in CD trials and 19 cases in UC trials) vs placebo (0
cases in CD trials and 3 cases in UC trials).*

Infections

Treatment with Jak inhibitors has been associated with a
higher risk of HZ infection. According to the results of a
systematic review analyzing safety data of 48,093 patients
exposed to Jak inhibitors, the RR of HZ was significantly
higher than placebo (RR, 1.72; 95% CI, 1.07-2.76).%

A study analyzing the risk of HZ in 1157 UC
patients receiving tofacitinib showed an HZ overall IR
per 100 patient-years of tofacitinib exposure of 4.07
(95% CI, 3.14-5.19), with higher rates among patients
receiving tofacitinib 10 mg BID (IR, 4.25; 95% CI, 3.18-
5.56) than 5 mg BID (IR, 3.45; 95% CI, 1.78-6.02).
Other risk factors identified were older age (HR, 1.58 for
every 10-year increment; 95% CI, 1.34-1.87; P<.0001),
previous exposure to TNF antagonists (HR, 1.92; 95%
CI, 1.15-3.21; P=.0122), and Asian ethnicity (HR, 1.76;
95% CI, 0.97-3.19; P=.0612).%

An integrated safety analysis including 1157 patients
(1613 patient-years of exposure) receiving tofacitinib
5 mg or 10 mg showed a statistically higher IR of HZ
among patients who received tofacitinib 10 mg BID (IR,
6.6; 95% CI, 3.2-12.2) vs placebo (IR, 1.0; 95% CI, 0.0-
5.4), with an overall HZ IR of 4.1 (95% CI, 3.1-5.2)
among patients exposed to tofacitinib.®

Specific strategies are available to manage the risk
of HZ. One key factor is to increase patients’ awareness
regarding HZ and its related symptoms, and also to
develop a high index of suspicion among health care work-
ers. HZ classically presents as a dermatomal rash affecting
1 or 2 chest dermatomes. However, when complicated,
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Table 3. Laboratory Follow-Up Recommendations in
Patients Using Janus Kinase Inhibitors

Laboratory

Parameter Follow-Up

LDL and HDL | 4-8 weeks after initiation of therapy and
levels every 6 months thereafter

Serum Baseline and every 12 months

creatinine levels

Creatine kinase Baseline and every 3 months

Baseline, 4-8 weeks after initiation of
therapy, and every 3 months thereafter

Liver enzymes

Cytopenias Baseline, 4-8 weeks after initiation of

therapy, and every 3 months thereafter

HDL, lligh/dcnsity lipoprotein; LDL, low-density lipoprotein.

HZ can result in multidermatomal involvement, post-
herpetic neuralgia (PHN), disseminated skin disease,
and neurologic or ophthalmologic involvement. Because
immunosuppressed patients are at higher risk for com-
plicated or atypical HZ presentations, a high index of
suspicion must be maintained. A cross-sectional study of
36,170 patients showed a prevalence rate of 7.7% (95%
CI, 7.5-8.0) for HZ and 2.3% (95% CI, 2.2-2.5) for
PHN; moreover, 29.8% of patients who previously had
HZ developed PHN.% The current American College of
Gastroenterology guideline recommends that patients
over 50 years consider vaccination against HZ. For the
prevention of HZ and related complications, there are 2
types of vaccines, live attenuated and recombinant. The
attenuated live HZ vaccine is administered as 1 dose,
can be used in immunocompetent adults over 60 years,
and, if used in immunocompromised patients, should be
administered at least 30 days before starting any immu-
nosuppressors.®® The recombinant nonlive HZ vaccine
is administered as 2 doses, is approved by the FDA for
immunocompetent adults over the age of 18 years, and
can be used in patients who are already immunosup-
pressed. The Advisory Committee on Immunization
Practices advises the use of the inactivated recombinant
HZ vaccine rather than the nonlive vaccine.®’

Metabolic Disorders

Hyperlipidemia A post hoc analysis of the same 1157
patients treated with tofacitinib in UC trials showed that,
especially among those receiving tofacitinib 10 mg BID
rather than 5 mg BID, patients receiving tofacitinib had
elevations in total cholesterol and low- or high-density
lipoprotein, achieving maximum levels at week 8 that
remained relatively stable until week 61 of follow-up.
These elevations were dose-dependent, reversible, and

not related to a higher risk of major cardiovascular events
(MACEs), with an overall IR of 0.24 (95% CI, 0.07-
0.62) in the tofacitinib arms.”®

A pooled analysis of 22 RCTs assessing MACEs in
10,701 patients treated with Jak inhibitors showed a
RR of MACEs of 1.07 (95% CI, 0.56-2.03) and, when
considering only placebo-controlled RCTs, a RR of 1.09
(95% CI, 0.54-2.21).

Serum Creatinine, Creatine Kinase, and Liver Enzyme
Elevations  There are previous reports of serum cre-
atinine, liver enzyme, and creatine kinase elevations
associated with Jak inhibitors, and no reported cases of
associated liver failure or rhabdomyolysis.®”! The inte-
grated safety analysis of 1157 tofacitinib-treated patients
with moderate-to-severe UC showed that no patients met
liver enzyme elevation criteria (2 sequential aspartate ami-
notransferase [AST] or alanine aminotransferase [ALT]
elevations 23 times the upper limit of normal [ULN] and
at least 1 bilirubin value 22 x ULN, or 2 sequential AST
or ALT elevations 25 x ULN) for discontinuation of Jak
inhibitor therapy. Furthermore, 1 (0.1%) patient experi-
enced a serum creatinine elevation greater than 50% in
2 sequential measurements and greater than 0.5 mg/dL
over baseline that required therapy discontinuation, and
8 (0.7%) patients met laboratory criteria for treatment
discontinuation given creatine kinase elevations, with
1 patient experiencing rhabdomyolysis as part of the
placebo group in OCTAVE Sustain at 7.4 months after
receiving the last dose of tofacitinib 10 mg BID.*

Cytopenias Given the relationship between Jak2 signal-
ing and hematopoiesis, treatment with Jak inhibitors may
alter blood cell counts.”” Tofacitinib has been related to
an initial decrease in hemoglobin level and neutrophil,
platelet, and lymphocyte counts in psoriasis treatment.
Nevertheless, these changes were slight and reversible.”>”
A safety analysis from OCTAVE Sustain reported minimal
changes in hemoglobin and absolute lymphocyte count
variations, with 13 of 1157 (1.2%) patients discontinuing
therapy given 2 sequential hemoglobin measurements less
than 8.0 g/dL or a decrease of greater than 30% from base-
line hemoglobin, and 10 of 1157 (0.9%) patients meeting
criteria for therapy discontinuation given 2 sequential
absolute lymphocyte counts less than 500/mm.%

Opverall, these metabolic changes are likely of mini-
mal clinical consequence, and the risk might be amelio-
rated by Jak inhibitor selectivity. The current laboratory
follow-up recommendations for Jak inhibitors are listed
in Table 3, with lipid disorders likely the most import-
ant to monitor in IBD patients, who are more often
diagnosed at an early age and exposed to higher cardiovas-
cular (CV) risk in the long term.
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Thromboembolic Disease

The first safety warning for tofacitinib regarding venous
thromboembolism (VTE) was issued by the FDA and
EMA in 2019 based upon a postmarketing long-term
safety trial in patients with RA that presented a higher risk
of pulmonary thromboembolism and death in patients
with RA receiving tofacitinib 10 mg BID. These patients
were over the age of 50 years and had at least 1 CV risk
factor.””” Given these findings, the FDA and EMA have
not approved the use of tofacitinib 10 mg BID for RA,
and this dose is approved only in patients with moder-
ate-to-severe UC.

Notwithstanding this potential risk, a pooled analy-
sis of 10 RCTs comprising 5143 patients exposed to Jak
inhibitors showed a RR of 0.9 (95% CI, 0.32-2.54) for
deep vein thrombosis (DVT) and pulmonary embolism
(PE).® As an FDA requirement, a phase 4 clinical trial
(ORAL Surveillance; NCT02092467) that compared the
safety of tofacitinib vs the TNF antagonists adalimumab
and etanercept was conducted in 4362 patients with RA
who were over 50 years, had at least 1 CV risk factor,
and were receiving background methotrexate. Patients
were randomized to tofacitinib 5 mg BID (n=1455) or
10 mg BID (n=1456) or a TNF antagonist (n=1451). For
MACE:g, the HRs for tofacitinib 5 mg BID or 10 mg BID
vs a TNF antagonist were 1.24 (95% CI, 0.81-1.91) and
1.43 (95% CI, 0.94-2.18), respectively, and for malignan-
cies the HRs were 1.47 (95% CI, 1.00-2.18) and 1.48
(95% CI, 1.00-2.19), respectively. Thus, the prespecified
noninferiority criteria were not met for both coprimary
endpoints.”

Patients with IBD are at increased risk of thrombo-
embolic disease because of the hypercoagulability associ-
ated with inflammation.” Accordingly, the concern raised
in RA regarding VTE is relevant. In a post hoc analysis
of 1157 UC patients who received at least 1 dose of tofa-
citinib 5 or 10 mg once daily in any phase 2, phase 3,
or OLE tofacitinib in UC trials, the overall IR of DVT
(1/1157) was 0.04 events/100 patient-years of exposure
(95% CI, 0.00-0.23) and for PE (4/1157) was 0.16 (95%
CL, 0.04-0.41). All of these events occurred in patients
over 50 years who were receiving tofacitinib 10 mg BID
and had at least 1 thromboembolism risk factor along
with UC during the OLE period of the trials.®

A meta-analysis by Yates and colleagues assessed 42
placebo-controlled RCTs of Jak inhibitors in different
immune-mediated diseases, evaluating 6542 patient
exposure years to Jak inhibitors compared with 1578
patient exposure years for placebo.®! This meta-analysis
observed 15 VTE events among patients treated with
Jak inhibitors (IR, 0.23 events/100 patient-years; 95%
CL, 0.12-0.38) and 4 VTE events in patients exposed
to placebo (IR, 0.25 events/100 patient-years; 95% CI,

0.07-0.73). Although these results are reassuring, they
are contradictory to the previously published data and
the current warnings around VTE risk, which could be
explained by the meta-analysis’ exclusion of long-term
RCTs and the tendency of most thromboembolic events
to occur after extended drug exposure.®!

Given preliminary reports from the ORAL Surveil-
lance postmarketing safety study, the FDA recommends
avoiding use of Jak inhibitors in patients over 50 years
with at least 1 CV risk factor, and also recommends using
the lowest effective dose and for the shortest duration
needed to achieve or maintain therapeutic response in
patients with UC.#* Recently, the FDA concluded that
there is an increased risk of serious heart-related events
such as heart attack or stroke, cancer, blood clots, and
death with tofacitinib, and has required revisions to the
boxed warning for all currently approved Jak inhibitors to
include this potential risk. The FDA further recommends
limiting the use of these agents to certain patients who
have not responded or cannot tolerate 1 or more TNF
antagonists.®

Risk of Malignancy

Nonmelanoma Skin Cancer Safety data from a post
hoc analysis of RCTs with 8524 patients exposed to Jak
inhibitors showed an overall RR of nonmelanoma skin
cancer (NMSC) of 1.05 (95% CI, 0.47-2.35), and, when
excluding studies with active comparator arms, the RR

was 1.22 (95% CI, 0.50-2.95).

Other Malignancies  The same study found that a
pooled analysis of 21 RCTs including 9916 patients
exposed to Jak inhibitors showed an overall RR for
malignancy of 1.39 (95% CI, 0.68-2.85), and, when
considering only placebo-controlled RCTs, a RR of 1.50
(95% CI, 0.68-3.32).

The ORAL Surveillance phase 4 clinical trial also
evaluated risk of malignancies (excluding NMSC) in
patients using tofacitinib 5 mg BID or 10 mg BID or a
TNF antagonist. The most common malignancy reported
was lung cancer. Overall, the HRs of malignancies for
tofacitinib 5 mg BID or 10 mg BID vs a TNF antago-
nist were 1.47 (95% CI, 1.00-2.18) and 1.48 (95% CI,
1.00-2.19), respectively, not achieving the noninferiority
criteria for either tofacitinib dose”® (NCT02092467).

In a safety analysis from the OCTAVE studies,
patients were analyzed as 3 cohorts: induction (n=1220),
maintenance (n=592), and overall cohort, which included
OCTAVE Sustain and OLE (n=1157). In the overall
group, 11 patients from the OLE study developed a non-
NMSC malignancy, of which 8 patients had been exposed
to TNF antagonists and 11 patients to thiopurines, with
an IR of malignancy of 0.7 (95% CI, 0.3-1.2). The
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reported cases followed no specific pattern, with 1 case
reported for each type of malignancy (cervical cancer,
hepatic angiosarcoma, cholangiocarcinoma, cutaneous
leiomyosarcoma, Epstein-Barr virus—associated lym-
phoma, renal cell carcinoma, essential thrombocythemia,
acute myeloid leukemia, adenocarcinoma of colon, lung

cancer, and breast cancer).®

Pregnancy, Breastfeeding, and Male Spermatogenesis
Studies in animals show that supratherapeutic doses of
Jak inhibitors during pregnancy are teratogenic and feti-
cidal.*## Unlike monoclonal antibodies, small molecules
cross the placenta during the first trimester, leading to
concern regarding fetal risk for the class.” Empiric data in
humans are sparse and based upon case reports. Safety da-
tabases of tofacitinib for UC, RA, and psoriasis show a to-
tal of 74 pregnant women exposed to tofacitinib, with 37
healthy newborns, 1 neonate with congenital pulmonary
valve stenosis, 12 spontaneous abortions, 13 terminated
pregnancies for medical reasons, and 11 lost to follow-up
or pending outcome. Also, noninterventional data report
42 pregnant women exposed to tofacitinib, resulting in 7
healthy newborns, 1 neonate with ventricular septum de-
fect, 3 spontaneous abortions, 1 terminated pregnancy for
medical reasons, and 33 lost to follow-up or pending out-
come.”” Given the limited data on pregnancy outcomes
in women using Jak inhibitors, the EMA recommends
against the use of Jak inhibitors during pregnancy.®®

No assessments have been reported regarding the risk
to breastfed infants in women receiving Jak inhibitors.
Current recommendations indicate not to breastfeed
while taking tofacitinib.®

Findings in clinical animal studies of filgotinib
included impaired spermatogenesis and histopathologic
effects on male reproductive organs (testes and epididy-
mis),” and these effects are being investigated by 2 clin-
ical trials, one in patients with moderate-to-severe IBD
(NCT03201445) and the other in patients with RA, pso-
riatic arthritis, ankylosing spondylitis, or nonradiographic

axial spondyloarthritis (NCT03926195).
Conclusion

Jak inhibitors offer multiple advantages when compared
with TNF antagonists, are orally administered and non-
immunogenic, have predictable pharmacokinetics, and
are more economic than parenteral drugs. Currently,
tofacitinib is approved for treatment of patients with UC,
and other Jak inhibitors are under study with promising
results for management of patients with UC and CD.
Concerns about the safety profiles of these drugs require
further investigation, especially in long-term and real-
world studies.

Gastroenterology & Hepatology Volume 18, Issue 1 January 2022

Disclosures

Dr Sedano has received consulting fees from Alimentiv. Dr Ma
has received consulting fees from AbbVie, Alimentiv, Amgen,
AVIR Pharma, Bristol Myers Squibb, Ferring, Fresenius Kabi,
Janssen, McKesson, Mylan, Takeda, Pfizer, and Roche; speaker’s
fees from AbbVie, AVIR Pharma, Janssen, Takeda, and Pfizer;
and research support from Pfizer. Dr Jairath bas received con-
sulting fees from AbbVie, Alimentiv, Arena Pharmaceuticals,
Asieris, Bristol Myers Squibb, Celltrion, Eli Lilly Ferring,
Fresenius Kabi, GlaxoSmithKline, Genentech, Gilead Sciences,
Janssen, Merck, Mylan, Pendopharm, Pfizer, Reistone Bio-
pharma, Roche, Sandoz, Takeda, and TopiVert; and speaker’s
fees from AbbVie, Ferring, Janssen, Pfizer, Shire, and Takeda.
Dr Feagan has received grantlresearch support from AbbVie,
Amgen, AstraZeneca/MedImmune, Atlantic Pharmaceuticals,
Boehringer Ingelbeim, Celgene Corporation, Celltech, Genen-
tech/Hoffmann-La Roche, Gilead Sciences, GlaxoSmithKline,
Janssen Research & Development, Pfizer, Receptos/Celgene
International, Sanofi, Santarus, Takeda Development Center
Americas, Tillotts Pharma AG, and UCB; consulting fees
from Abbot/AbbVie, Akebia Therapeutics, Allergan, Amgen,
Applied Molecular Transport, Aptevo Therapeutics, Astra-
Zeneca, Atlantic Pharma, Avir Pharma, Biogen Idec, BiomX
Israel, Boehringer Ingelbeim, Bristol Myers Squibb, Calypso
Biotech, Celgene Corporation, Elan/Biogen, enGene, Ferring
Pharma, Roche/Genentech, Galapagos, GiCare Pharma, Gil-
ead Sciences, Gossamer Pharma, GlaxoSmithKline, Inception
IBD, Johnson & Johnson/Janssen, Kyowa Hakko Kirin, Lexi-
con, Lilly, Lycera BioTech, Merck, Mesoblast Pharma, Millen-
nium, Nestle, Nextbiotix, Novo Nordisk, Pfizer, Prometheus
Therapeutics and Diagnostics, Progenity, Protagonist, Receptos,
Salix Pharmaceuticals, Shire, Sienna Biologics, Sigmoid
Pharma, Sterna Biologicals, Synergy Pharma, lakeda, Teva
Pharmaceuticals, TiGenix, Tillotts Pharma AG, UCB, Vertex
Pharmaceuticals, Vivelix Pharmaceuticals, VHsquared, and
Zyngenia; speakers bureau fees from Abbott/AbbVie, Johnson
& Johnson/janssen, Lilly, Takeda, Tillotts Pharma AG, and
UCB; is a scientific advisory board member for Abbott/Abb-
Vie, Allergan, Amgen, AstraZeneca, Atlantic Pharmaceuticals,
Avaxia Biologics, Boebringer Ingelheim, Bristol Myers Squibb,
Celgene  Corporation, Centocor, Elan/Biogen, Galapagos,
Genentech/Roche, Johnson ¢ Johnson/Janssen, Merck, Nestle,
Novartis, Novo Nordisk, Pfizer, Prometheus Laboratories, Pro-
tagonist, Salix Pharmaceuticals, Sterna Biologicals, Takeda,
Teva, TiGenix, Tillotts Pharma AG, and UCB; and is the
Senior Scientific Officer of Alimentiv.

References

1. Ananthakrishnan AN. Epidemiology and risk factors for IBD. Naz Rev Gastroen-
terol Hepatol. 2015;12(4):205-217.

2. Ananthakrishnan AN. Environmental risk factors for inflammatory bowel dis-
eases: a review. Dig Dis Sci. 2015;60(2):290-298.

3. Frolkis A, Dieleman LA, Barkema HW, et al. Environment and the inflammatory
bowel diseases. Can J Gastroenterol. 2013;27(3):e18-¢24.

23



24

SEDANO ET AL

4. Kaplan GG. IBD: global variations in environmental risk factors for IBD. Nat
Rev Gastroenterol Hepatol. 2014;11(12):708-709.

5. Roda G, Jharap B, Neeraj N, Colombel JE Loss of response to anti-TNFs:
definition, epidemiology, and management. Clin Transl Gastroenterol. 2016;7:¢135.
6. Billioud V;, Sandborn WJ, Peyrin-Biroulet L. Loss of response and need for
adalimumab dose intensification in Crohn’s disease: a systematic review. Am J Gas-
troenterol. 2011;106(4):674-684.

7. Dittrich AE, Sutton RT, Haynes K, Wang H, Fedorak RN, Kroeker KI. Inci-
dence rates for surgery in Crohn’s disease have decreased: a population-based time-
trend analysis. Jnflamm Bowel Dis. 2020;26(12):1909-1916.

8. Ma C, Moran GW, Benchimol EI, et al. Surgical rates for Crohn’s disease are
decreasing: a population-based time trend analysis and validation study. Am J Gas-
troenterol. 2017;112(12):1840-1848.

9. Tsai L, Ma C, Dulai PS, et al. Contemporary risk of surgery in patients with ulcer-
ative colitis and Crohn’s disease: a meta-analysis of population-based cohorts. Clin
Gastroenterol Hepatol. 2021;19(10):2031-2045.¢11.

10. Salas A, Hernandez-Rocha C, Duijvestein M, et al. JAK-STAT pathway target-
ing for the treatment of inflammatory bowel disease. Nat Rev Gastroenterol Hepatol.
2020;17(6):323-337.

11. Villarino AV, Kanno Y, O’Shea JJ. Mechanisms and consequences of Jak-STAT
signaling in the immune system. Nat Immunol. 2017;18(4):374-384.

12. Wilks AE Two putative protein-tyrosine kinases identified by application of
the polymerase chain reaction. Proc Natl Acad Sci U S A. 1989;86(5):1603-1607.
13. Firmbach-Kraft I, Byers M, Shows T, Dalla-Favera R, Krolewski JJ. Tyk2,
prototype of a novel class of non-receptor tyrosine kinase genes. Oncogene.
1990;5(9):1329-1336.

14. Smith D, Yao W, Shepard S, et al. Developing a JAK inhibitor for targeted local
delivery: ruxolitinib cream. Pharmaceutics. 2021;13(7):13.

15. Gadina M, Hilton D, Johnston JA, et al. Signaling by type I and II cytokine
receptors: ten years after. Curr Opin Immunol. 2001;13(3):363-373.

16. O’Shea JJ, Kontzias A, Yamaoka K, Tanaka Y, Laurence A. Janus kinase inhibi-
tors in autoimmune diseases. Ann Rheum Dis. 2013;72(suppl 2):ii111-ii115.

17. Clark JD, Flanagan ME, Telliez JB. Discovery and development of Janus kinase
(JAK) inhibitors for inflammatory diseases. J Med Chem. 2014;57(12):5023-5038.
18. Leonard WJ, O’Shea JJ. Jaks and STATs: biological implications. Annu Rev
Immunol. 1998;16:293-322.

19. Levine RL. JAK-mutant myeloproliferative neoplasms. Curr Top Microbiol
Immunol. 2012;355:119-133.

20. Jeong EG, Kim MS, Nam HK, et al. Somatic mutations of JAKI and JAK3 in
acute leukemias and solid cancers. Clin Cancer Res. 2008;14(12):3716-3721.

21. Rodig SJ, Meraz MA, White JM, et al. Disruption of the Jakl gene demon-
strates obligatory and nonredundant roles of the Jaks in cytokine-induced biologic
responses. Cell. 1998;93(3):373-383.

22. Casanova JL, Holland SM, Notarangelo LD. Inborn errors of human JAKs and
STATs. Immunity. 2012;36(4):515-528.

23. O’Shea JJ, Holland SM, Staudt LM. JAKs and STATs in immunity, immuno-
deficiency, and cancer. N Engl ] Med. 2013;368(2):161-170.

24. Drugs.com. FDA approves Xeljanz for rheumatoid arthritis. hteps://www.
drugs.com/newdrugs/fda-approvesxeljanz-rheumatoid-arthritis-3558.html.  Pub-
lished November 6, 2012. Accessed May 9, 2021.

25. Drugs.com. Pfizer announces FDA approval of Xeljanz (tofacitinib) and Xel-
janz XR for the treatment of active psoriatic arthritis. https://www.drugs.com/
newdrugs/pfizer-announces-fda-approval-xeljanz-tofacitinib-xeljanz-xr-active-pso-
riatic-arthritis-4677.html. Published December 14, 2017. Accessed May 9, 2021.
26. Pfizer. Xeljanz (tofacitinib citrate) receives marketing authorization in the Euro-
pean Union for moderately to severely active ulcerative colitis. https://www.pfizer.
com/news/press-release/press-release-detail/xeljanz_tofacitinib_citrate_receives_
marketing_authorization_in_the_european_union_for_moderately_to_severely_
active_ulcerative_colitis-0. Published August 1, 2018. Accessed May 9, 2021.

27. Drugs.com. Pfizer announces U.S. FDA approves Xeljanz (tofacitinib) for the
treatment of moderately to severely active ulcerative colitis. https://www.drugs.
com/newdrugs/pfizer-announces-u-s-fda-approvesxeljanz-tofacitinib-moderate-
ly-severely-active-ulcerative-colitis-4756.html. Published May 30, 2018. Accessed
May 9, 2021.

28. Xeljanz (tofacitinib)—highlights of prescribing information. https://www.
accessdata.fda.gov/drugsatfda_docs/label/2019/208246s0091bl.pdf. Revised Dec-
ember 2019. Accessed May 21, 2021.

29. Pfizer. FDA approves Xeljanz® XR (tofacitinib) extended-release tablets for
the treatment of ulcerative colitis. https://www.pfizer.com/news/press-release/
press-release-detail/fda_approves_xeljanz_xr_tofacitinib_extended_release_tablets_
for_the_treatment_of_ulcerative_colitis. Published December 12, 2019. Accessed

May 21, 2021.

30. Sandborn WJ, Ghosh S, Panes J, et al; Study A3921063 Investigators. Tofac-
itinib, an oral Janus kinase inhibitor, in active ulcerative colitis. N Engl ] Med.
2012;367(7):616-624.

31. Sandborn WJ, Su C, Sands BE, et al; OCTAVE Induction 1, OCTAVE Induc-
tion 2, and OCTAVE Sustain Investigators. Tofacitinib as induction and mainte-
nance therapy for ulcerative colitis. N Engl | Med. 2017;376(18):1723-1736.

32. Sandborn WJ, Peyrin-Biroulet L, Sharara Al, et al. Efficacy and safety of tofac-
itinib in ulcerative colitis based on prior tumor necrosis factor inhibitor failure sta-
tus [published online March 6, 2021]. Clin Gastroenterol Hepatol. doi:10.1016/j.
cgh.2021.02.043.

33. Sands BE, Armuzzi A, Marshall JK, et al. Efficacy and safety of tofacitinib dose
de-escalation and dose escalation for patients with ulcerative colitis: results from
OCTAVE Open. Aliment Pharmacol Ther. 2020;51(2):271-280.

34. Hanauer S, Panaccione R, Danese S, et al. Tofacitinib induction therapy reduces
symptoms within 3 days for patients with ulcerative colitis. Clin Gastroenterol Hepa-
tol. 2019;17(1):139-147.

35. Berinstein JA, Steiner CA, Regal RE, et al. Efficacy of induction therapy with
high-intensity tofacitinib in 4 patients with acute severe ulcerative colitis. Clin Gas-
troenterol Hepatol. 2019;17(5):988-990.¢1.

36. Sedano R, Jairath V. High-dose rescue tofacitinib prevented inpatient colec-
tomy in acute severe ulcerative colitis refractory to anti-TNE Inflamm Bowel Dis.
2021;27(5):€59-¢60.

37. Berinstein JA, Shechan JL, Dias M, et al. Tofacitinib for biologic-experienced
hospitalized patients with acute severe ulcerative colitis: a retrospective case-control
study. Clin Gastroenterol Hepatol. 2021;19(10):2112-2120.¢1.

38. Singh S, Allegretti JR, Siddique SM, Terdiman JP. AGA technical review
on the management of moderate to severe ulcerative colitis. Gastroenterology.
2020;158(5):1465-1496.¢17.

39. Feuerstein JD, Isaacs KL, Schneider Y, Siddique SM, Falck-Ytter Y, Singh S;
AGA Institute Clinical Guidelines Committee. AGA Clinical Practice Guidelines
on the management of moderate to severe ulcerative colitis. Gastroenterology.
2020;158(5):1450-1461.

40. Sandborn WJ, Ghosh S, Panes J, Vranic I, Wang W, Niezychowski W; Study
A3921043 Investigators. A phase 2 study of tofacitinib, an oral Janus kinase inhib-
itor, in patients with Crohn’s disease. Clin Gastroenterol Hepatol. 2014;12(9):1485-
1493.¢2.

41. Panés ], Sandborn W], Schreiber S, et al. Tofacitinib for induction and mainte-
nance therapy of Crohn’s disease: results of two phase IIb randomised placebo-con-
trolled trials. Gut. 2017;66(6):1049-1059.

42. Panés ], D’Haens GR, Higgins PDR, et al. Long-term safety and tolerability of
oral tofacitinib in patients with Crohn’s disease: results from a phase 2, open-label,
48-week extension study. Aliment Pharmacol Ther. 2019;49(3):265-276.

43. Weisshof R, Aharoni Golan M, Sossenheimer PH, et al. Real-world experience
with tofacitinib in IBD at a tertiary center. Dig Dis Sci. 2019;64(7):1945-1951.
44. Clark-Snustad KD, Singla A, Lee SD. Su1928 Tofacitinib improves clinical dis-
ease activity in a real-world population of patients with moderate-severe ulcerative
colitis and Crohn’s discase. Gastroenterology. 2019;156(6 suppl 1):S-664.

45. Drugs.com. FDA approves Rinvoq (upadacitinib), an oral JAK inhibitor for the
treatment of moderate to severe rheumatoid arthritis. https://www.drugs.com/new-
drugs/fda-approves-rinvoqupadacitinib-oral-jak-inhibitor-moderate-severe-rheu-
matoid-arthritis-5033.html. Published August 16, 2019. Accessed May 10, 2021.
46. Rubbert-Roth A, Enejosa J, Pangan AL, et al. Trial of upadacitinib or abatacept
in rheumatoid arthritis. N Engl | Med. 2020;383(16):1511-1521.

47. Fleischmann R, Pangan AL, Song IH, et al. Upadacitinib versus placebo or
adalimumab in patients with rheumatoid arthritis and an inadequate response
to methotrexate: results of a phase III, double-blind, randomized controlled
trial. Arthritis Rheumatol. 2019;71(11):1788-1800.

48. Sandborn WJ, Ghosh S, Panes J, et al. Efficacy of upadacitinib in a randomized
trial of patients with active ulcerative colitis. Gastroenterology. 2020;158(8):2139-
2149.e14.

49. Danese S, Vermeire S, Zhou W, et al. OP24 Efficacy and safety of upadacitinib
induction therapy in patients with moderately to severely active ulcerative colitis:
results from the phase 3 U-ACHIEVE study. / Crohns Colitis. 2021;15(suppl 1):
S022-S024.

50. Vermeire S, Danese S, Zhou W, et al. OP23 Efficacy and safety of upadacitinib
as induction therapy in patients with moderately to severely active ulcerative colitis:
results from phase 3 U-ACCOMPLISH study. / Crohns Colitis. 2021;15(suppl 1):
S5021-S022.

51. Sandborn WJ, Feagan BG, Loftus EV Jr, et al. Efficacy and safety of upad-
acitinib in a randomized trial of patients with Crohn’s disease. Gastroenterology.

Gastroenterology & Hepatology Volume 18, Issue 1 January 2022



JANUS KINASE

2020;158(8):2123-2138.¢8.

52. Gilead. European Medicines Agency validates marketing application for filgotinib
for the treatment of rheumatoid arthritis. https://www.gilead.com/news-and-press/
press-room/press-releases/2019/8/european-medicines-agency-validates-market-
ing-application-for-filgotinib-for-the-treatment-of-rheumatoid-arthritis. Published
August 15, 2019. Accessed June 3, 2021.

53. Westhovens R, Rigby WFC, van der Heijde D, et al. Filgotinib in combina-
tion with methotrexate or as monotherapy versus methotrexate monotherapy
in patients with active rheumatoid arthritis and limited or no prior exposure to
methotrexate: the phase 3, randomised controlled FINCH 3 trial. Ann Rheum Dis.
2021;80(6):727-738.

54. Feagan BG, Danese S, Loftus EV Jr, et al. Filgotinib as induction and main-
tenance therapy for ulcerative colitis (SELECTION): a phase 2b/3 double-blind,
randomised, placebo-controlled trial. Lancer. 2021;397(10292):2372-2384.

55. Feagan BG, Loftus EV Jr, Danese S, et al. A15 Efficacy and safety of filgo-
tinib as induction therapy for patients with moderately to severely active ulcerative
colitis: results from the phase 2B/3 SELECTION study. / Can Assoc Gastroenterol.
2021;4(suppl_1):18-20.

56. Vermeire S, Schreiber S, Petryka R, et al. Clinical remission in patients with
moderate-to-severe Crohn’s disease treated with filgotinib (the FITZROY study):
results from a phase 2, double-blind, randomised, placebo-controlled trial. Lancez.
2017;389(10066):266-275.

57. Sands BE, Sandborn WJ, Feagan BG, et al; Peficitinib-UC Study Group. Pefici-
tinib, an oral Janus kinase inhibitor, in moderate-to-severe ulcerative colitis: results
from a randomised, phase 2 study. J Crohns Colitis. 2018;12(10):1158-1169.

58. Beattie DT, Pulido-Rios MT, Shen E et al. Intestinally-restricted Janus kinase
inhibition: a potential approach to maximize the therapeutic index in inflammatory
bowel disease therapy. J Inflamm (Lond). 2017;14:28.

59. Sandborn WJ, Nguyen DD, Beattie DT, et al. Development of gut-selective
pan-Janus kinase inhibitor TD-1473 for ulcerative colitis: a translational medicine
programme. J Crohns Colitis. 2020;14(9):1202-1213.

60. Theravance Biopharma. Theravance Biopharma, Inc. announces top-line results
from phase 2B dose-finding induction study of izencitinib in patients with ulcer-
ative  colitis.  https://investor.theravance.com/news-releases/news-release-details/
theravance-biopharma-inc-announces-top-line-results-phase-2b. Published August
23, 2021. Accessed October 10, 2021.

61. Dendrou CA, Cortes A, Shipman L, et al. Resolving TYK2 locus genotype-to-
phenotype differences in autoimmunity. Sci Trans! Med. 2016;8(363):363ra149.
62. Bristol Myers Squibb. Bristol Myers Squibb provides update on phase 2 study of
deucravacitinib in patients with moderate to severe ulcerative colitis. https://news.
bms.com/news/corporate-financial/2021/Bristol-Myers-Squibb-Provides-Update-
on-Phase-2-Study-of-Deucravacitinib-in-Patients-With-Moderate-to-Severe-Ulcer-
ative-Colitis/default.aspx. Published October 7, 2021. Accessed October 17, 2021.
63. Olivera PA, Lasa JS, Bonovas S, Danese S, Peyrin-Biroulet L. Safety of
Janus kinase inhibitors in patients with inflammatory bowel diseases or other
immune-mediated diseases: a systematic review and meta-analysis. Gastroenterology.
2020;158(6):1554-1573.¢12.

64. Ma C, Lee JK, Mitra AR, et al. Systematic review with meta-analysis: efficacy
and safety of oral Janus kinase inhibitors for inflammatory bowel disease. Aliment
Pharmacol Ther. 2019;50(1):5-23.

65. Winthrop KL, Melmed GY, Vermeire S, et al. Herpes zoster infection in patients
with ulcerative colitis receiving tofacitinib. Inflamm Bowel Dis. 2018;24(10):2258-
2265.

66. Sandborn W, Panés J, D’Haens GR, et al. Safety of tofacitinib for treatment of
ulcerative colitis, based on 4.4 years of data from global clinical trials. Clin Gastro-
enterol Hepatol. 2019;17(8):1541-1550.

67. Yang E Yu S, Fan B, et al. The epidemiology of herpes zoster and postherpetic
neuralgia in China: results from a cross-sectional study. Pzin Ther. 2019;8(2):249-
259.

68. Farraye FA, Melmed GY, Lichtenstein GR, Kane SV. ACG Clinical
Guideline: preventive care in inflammatory bowel disease. Am | Gastroenterol.
2017;112(2):241-258.

69. Centers for Disease Control and Prevention. Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE): recombinant zoster vaccine
(RZV) and herpes zoster live-attenuated vaccine (ZVL). https://www.cdc.gov/
vaccines/acip/recs/grade/herpes-zoster-h.pdf. Published January 22, 2018. Accessed
June 4, 2021.

70. Sands BE, Taub PR, Armuzzi A, et al. Tofacitinib treatment is associated with
modest and reversible increases in serum lipids in patients with ulcerative coli-
tis. Clin Gastroenterol Hepatol. 2020;18(1):123-132.€3.

INHIBITORS FOR THE MANAGEMENT OF PATIENTS WITH

IBD

71. Valenzuela E Korman NJ, Bissonnette R, et al. Tofacitinib in patients with
moderate-to-severe chronic plaque psoriasis: long-term safety and efficacy in an
open-label extension study. Br J Dermatol. 2018;179(4):853-862.

72. O’Shea JJ, Plenge R. JAK and STAT signaling molecules in immunoregulation
and immune-mediated disease. fmmunity. 2012;36(4):542-550.

73. Ly K, Beck KM, Smith MP, Orbai AM, Liao W. Tofacitinib in the management
of active psoriatic arthritis: patient selection and perspectives. Psoriasis (Auckl).
2019;9:97-107.

74. Winthrop KL. The emerging safety profile of JAK inhibitors in rheumatic dis-
ease. Nat Rev Rheumatol. 2017;13(4):234-243.

75. Strober B, Buonanno M, Clark JD, et al. Effect of tofacitinib, a Janus kinase
inhibitor, on haematological parameters during 12 weeks of psoriasis treatment. Br
J Dermatol. 2013;169(5):992-999.

76. US Food and Drug Administration. Safety trial finds risk of blood clots in the
lungs and death with higher dose of tofacitinib (Xeljanz, Xeljanz XR) in rheuma-
toid arthritis patients; FDA to investigate. https://www.fda.gov/drugs/drug-safe-
ty-and-availability/safety-trial-finds-risk-blood-clots-lungs-and-death-higher-dose-
tofacitinib-xeljanz-xeljanz-xr. Published February 25, 2019. Accessed May 11, 2021.
77. European Medicines Agency. Increased risk of blood clots in lungs and death
with higher dose of Xeljanz (tofacitinib) for rheumatoid arthritis. https://www.ema.
europa.cu/en/news/increased-risk-blood-clots-lungs-death-higher-dose-xeljanz-to-
facitinib-rheumatoid-arthritis. Published March 20, 2019. Accessed May 11, 2021.
78. Pfizer. Pfizer shares co-primary endpoint results from post-marketing required
safety study of Xeljanz® (tofacitinib) in subjects with rheumatoid arthritis (RA).
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-shares-co-pri-
mary-endpoint-results-post-marketing. Published January 27, 2021. Accessed June
4,2021.

79. Cheng K, Faye AS. Venous thromboembolism in inflammatory bowel dis-
ease. World ] Gastroenterol. 2020;26(12):1231-1241.

80. Sandborn WJ, Panés J, Sands BE, et al. Venous thromboembolic events in the
tofacitinib ulcerative colitis clinical development programme. Aliment Pharmacol
Ther. 2019;50(10):1068-1076.

81. Yates M, Mootoo A, Adas M, et al. Venous thromboembolism risk with JAK
inhibitors: a meta-analysis. Arthritis Rheumatol. 2021;73(5):779-788.

82. US Food and Drug Administration. Xeljanz, Xeljanz XR (tofacitinib): drug
safety communication - initial safety trial results find increased risk of serious
heart-related problems and cancer with arthritis and ulcerative colitis medi-
hteps://www.fda.gov/safety/medical-product-safety-information/xeljanz-xel-
janz-xr-tofacitinib-drug-safety-communication-initial-safety-trial-results-find-in-
creased. Published February 4, 2021. Accessed May 24, 2021.

83. US Food and Drug Administration. FDA requires warnings about increased
risk of serious heart-related events, cancer, blood clots, and death for JAK inhibitors
that treat certain chronic inflammatory conditions. https://www.fda.gov/drugs/

cine.

drug-safety-and-availability/fda-requires-warnings-about-increased-risk-serious-
heart-related-events-cancer-blood-clots-and-death. Published January 9, 2021.
Accessed October 17, 2021.

84. Pfizer. Xeljanz (tofacitinib)—highlights of prescribing information. Section
8.1 Pregnancy. http://labeling.pfizer.com/ShowLabeling.aspx?id=959#section-8.1.
Revised December 2021. Accessed December 29, 2021.

85. US Food and Drug Administration. Xeljanz (tofacitinib)—highlights of pre-
scribing information. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/
203214s024,208246s0101bl.pdf. Revised July 2019. Accessed May 11, 2021.

86. Wieringa JW, van der Woude CJ. Effect of biologicals and JAK inhibitors
during pregnancy on health-related outcomes in children of women with inflam-
matory bowel disease. Best Pract Res Clin Gastroenterol. 2020;44-45:101665.

87. Mahadevan U, Dubinsky MC, Su C, et al. Outcomes of pregnancies with
maternal/paternal exposure in the tofacitinib safety databases for ulcerative coli-
tis. Inflamm Bowel Dis. 2018;24(12):2494-2500.

88. European Medicines Agency. Summary of product characteristics Xeljanz
(tofacitinib).  https://www.ema.europa.eu/en/medicines/human/EPAR/xeljanz.
Published March 31, 2017. Accessed May 11, 2021.

89. Mahadevan U, Robinson C, Bernasko N, et al. Inflammatory Bowel Discase
in Pregnancy Clinical Care Pathway: A Report From the American Gastroentero-
logical Association IBD Parenthood Project Working Group. Am ] Obstet Gynecol.
2019;220(4):308-323.

90. Tanaka Y, Kavanaugh A, Wicklund J, McInnes IB. Filgotinib, a novel
JAK I -preferential inhibitor for the treatment of rheumatoid arthritis: an overview
from clinical trials [published online April 15, 2021]. Mod Rheumatol. doi:10.108
0/14397595.2021.1902617.

Gastroenterology & Hepatology Volume 18, Issue 1 January 2022

25



SEDANO ET AL

eTable. Characteristics of Jak Inhibitors

Drug (Selectivity) Pharmacokinetics UC Efficacy Data CD Efficacy Data
Tofacitinib'® Half-life approximately | Phase 3 Phase 2
(Jak3/Jak1 > Jak2 > 3 hours OCTAVE: Induction week 4:

Tyk2)

Clearance
70% hepatic
metabolism
and 30% renal
elimination

Clinical remission 10 mg vs placebo at week 8
OCTAVE 1: 18.5% vs 8.2%
OCTAVE 2: 16.6% vs 3.6%

Clinical remission 5 mg and 10 mg vs placebo at week 52
OCTAVE Sustain: 34.3% and 40.6% vs 11.1%

OCTAVE open-label extension:

* Dose escalation to 10 mg BID after failure with 5 mg
BID: At 12 months, 65% recaptured clinical response
and 49% achieved remission

* Dose de-escalation from 10 mg to 5 mg BID in patients
previously in remission: 84% of patients maintained
response and 75% remained in remission

No significant differences in clinical response
rates between tofacitinib 1 mg (36%), 5 mg
(58%), 15 mg (46%), and placebo (47%)

Induction week 8:
No significant differences in clinical remis-
sion rates between tofacitinib 5 mg (44%),

10 mg (43%), and placebo (37%)

Maintenance week 26:

No significant differences in clinical response
or remission rates between tofacitinib 5

mg (39.5%), 10 mg (55.8%), and placebo
(38.1%)

Upadacitinib”®
(Jakl > Jak2/Jak3)

Half-life approximately
4 hours

Clearance
80% hepatic
metabolism
and 20% renal
elimination

Phase 2

U-ACHIEVE:

Clinical remission at week 8
7.5 mg: 8.5% (P=.052)

15 mg: 14.3% (P=.013)
30 mg: 13.5% (P=.011)
45 mg: 19.6% (P=.002)
Placebo: 0%

Phase 2

CELEST (induction):
Clinical remission at week 16
3 mg BID: 13%

6 mg BID: 27% (P<.1)

12 mg BID: 11%

24 mg BID: 22%

24 mg QD: 14%

Placebo: 11%

Endoscopic remission at week 16
3 mg BID: 10% (P<.1)

6 mg BID: 8%

12 mg BID: 8% (P<.1)

24 mg BID: 22% (P<.01)

24 mg QD: 14% (P<.05)
Placebo: 0%

CELEST (maintenance):
Clinical remission at week 52
3 mg BID: 25%

6 mg BID: 28.6%

12 mg BID: 41.4%

24 mg BID: 31.6%

Endoscopic remission at week 52
3 mg BID: 15.9%

6 mg BID: 21.3%

12 mg BID: 24.4%

24 mg BID: 25.5%
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eTable. (Continued) Characteristics of Jak Inhibitors

INHIBITORS FOR THE MANAGEMENT OF PATIENTS WITH IBD

Drug (Selectivity) Pharmacokinetics UC Efficacy Data CD Efficacy Data
Filgotinib”'® Half-life 5-6 hours for | Phase 2b/3 Phase 2

(Jak1 > parent compound and | SELECTION (induction): FITZROY (induction):
Jak2/Jak3/Tyk2) 18-22 hours for active | Clinical remission at week 10 Clinical remission at week 10

metabolite

Biologic-naive:

100 mg OD: 19.1% (P=.34)
200 mg OD: 26.1% (P=.0157)
Placebo: 15.3%

Biologic-experienced:

100 mg OD: 9.5% (P=.06)
200 mg OD: 11.5% (P=.01)
Placebo: 4.2%

SELECTION (maintenance):
Clinical remission at week 58
100 mg OD: 23.8% (P=.04)
Placebo: 13.5%

200 mg OD: 37.2% (P<.0001)
Placebo: 11.2%

200 mg OD: 47% (P=.0077)
Placebo: 23%

Peficitinib®!"1?

(Jak3 > Jak1/Jak2)

Half-life 7-13 hours

Not approved

Not approved

TD-1473%13
(Jak1, Jak2, Jak3

intestinally restricted)

Half-life 4-44 hours

Phase 2b/3 recruiting

Phase 2 recruiting

PF-066516006 (Jak3)

Unknown

Phase 2 recruiting

Phase 2 recruiting

PF-067008416 (Jakl,
Tyk2)

Half-life 1-1.5 hours

Phase 2 recruiting

Phase 2 recruiting

BMS-986165'

Half-life 8-15 hours

Phase 2 recruiting

Phase 2 recruiting

BID, twice daily; CD, Crohn’s disease; Jak, Janus kinase; OD, once daily; QD, 4 times daily; Tyk, tyrosine-protein kinase; UC, ulcerative colitis.
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