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Abstract

Inflammatory bowel disease, including ulcerative colitis and Crohn’s disease, are chronic
inflammatory disorders of the gastrointestinal tract which are characterised, in part, by animbalance
in the production of several pro- and anti-inflammatory cytokines. Although various agents are
effective for inducing and maintaining remission, approximately 20% of patients are treatment-
refractory and require surgery. Parenterally administered monoclonal antibody-based biologics
are associated with adverse effects resulting in treatment discontinuation and/or immunogenicity,
leading to loss of response to therapy. Approximately 50% of patients who initially respond to
treatment with tumour necrosis factor antagonists lose response to therapy within the 1st year of
treatment. Incidence of immunogenicity tends to decrease over time, but once present can persist
for years, even after treatment discontinuation. Nonimmunogenic oral small molecule therapies,
including Janus kinase inhibitors, are currently being developed and have demonstrated efficacy
in early phase clinical trials, which has already led to regulatory approval of tofacitinib for the
treatment of patients with moderate-to-severe ulcerative colitis. Differentiation of T cells into T
helper cells, which are mediators of the inflammatory response in inflammatory bowel disease,
is mediated by the Janus kinase signal transducer and activator of the transcription signalling
pathway. Absorption and distribution of Janus kinase inhibitors occurs at the site of action in
the gastrointestinal tract, and newer compounds are being developed with limited systemic
absorption, potentially reducing the risk of adverse effects.The current review describes the clinical
pharmacology of approved Janus kinase inhibitors, as well as those in clinical development for the
treatment of inflammatory bowel disease.
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1. Introduction

The inflammatory bowel diseases [IBD] ulcerative colitis [UC] and
Crohn’s disease [CD] are chronic inflammatory disorders of the
gastrointestinal [GI] tract characterised by alternating periods of re-
lapse and remission. The prevalence of IBD in North America and
Europe was reported to be as high as 249 and 505 per 100 000
persons, respectively.! A dysregulated mucosal immune response to
intestinal microflora in a genetically predisposed host is presumed

© European Crohn’s and Colitis Organisation (ECCO) 2020.

to underly the development of IBD, which is characterised by an
imbalance in the production of several pro-inflammatory and
anti-inflammatory cytokines.>? Conventional therapy for IBD in-
cludes aminosalicylates, glucocorticoids, and immunomodulators.*
Although various agents are effective for inducing and maintaining
remission, about 20% of patients are treatment-refractory and re-
quire surgery.’ Immunosuppressive therapy includes antibody-
based biologics, which are administered parenterally and are often
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associated with adverse effects [AEs] and/or loss of response to
therapy, due to immunogenicity.® Approximately 50% of patients
who initially respond to treatment with tumour necrosis factor ant-
agonists lose response to therapy within the 1st year of treatment.”
The annual risk for loss of response to infliximab and adalimumab
in patients with Crohn’s disease was reported to be 13% and 20%,
respectively.®’ Incidence of immunogenicity tends to decrease over
time, but once present can persist for years, even after treatment
discontinuation.!® The use of monoclonal antibodies is also associ-
ated with substantial intra-and interpatient variability in drug ex-
posure, and frequently requires therapeutic drug monitoring with
measurement of systemic drug concentrations to optimise treatment
efficacy.!!

Nonimmunogenic oral small molecule therapies are therefore
currently being developed and tested clinically for the treatment of
IBD.'>" As such, Janus kinase [JAK] inhibitors [JAKi] are promising
drugs that have already demonstrated efficacy in treatment of IBD
in early phase clinical trials,'* and one JAKi, tofacitinib, has already
received regulatory approval by the Food and Drug Administration
[FDA] and European Medicines Agency [EMA] for treatment of
patients with moderate-to-severe UC.''® The JAK/signal trans-
ducer and activator of transcription [STAT] [JAK-STAT] signalling
pathway is implicated in regulating innate and adaptive immunity,
and haematopoiesis, as it participates in cell growth, survival, dif-
ferentiation, and migration."” As such, the JAK-STAT signalling
pathway is activated via cytokine binding in T cells and triggers their
differentiation into T helper cells, which are mediators of the inflam-
matory response in IBD.' In addition, chronic inflammation in CD
and UC is characterised by a response of cytokine production by
helper T cells, and produced cytokines signal through the JAK-STAT
signalling pathway to induce inflammatory response.”

The JAK family consists of four tyrosine kinase proteins [JAK1,
JAK2, JAK3, and TYK2].?® Members of the JAK family are consti-
tutively associated with intracellular domains of type I or type II
cytokine receptors.!” Each receptor is composed of multiple sub-
units and each subunit associates with a JAK, with more or less
selectivity.?! Activation of JAKs is initiated by extracellular type
I or type II cytokines binding to their cognate cytokine receptors,
that are composed of distinct chains which dimerise upon binding

of the cytokine. Dimerisation causes separation of the intracellular
subunits of the cytokine receptors, which separates the receptor-
associated JAKs apart from each other, thereby relieving inhibition
and resulting in their activation.?! The activated JAKs phosphorylate
themselves as well as the intracellular portion of the receptor, and
the latter, once phosphorylated, creates docking sites for STAT pro-
teins. STAT proteins are then activated by phosphorylation by JAKs,
and form homo- or heterodimers. Homo- or heterodimerised phos-
phorylated STATs then translocate to the nucleus where they bind
to specific DNA sequences to regulate gene expression. Genome-
wide association studies have demonstrated an association between
polymorphisms encoding JAK-STAT proteins and exaggerated im-
mune responses in patients with IBD.??2* Therefore, depending on
the selectivity of JAKi for JAKs, different inflammatory pathways
can be targeted.

In contrast to monoclonal antibodies used to treat IBD,
JAKi are small molecules, which facilitates oral administration
and drug adsorption and distribution at the site of action in the
gastrointestinal [GI] tract.?’ These agents are typically rapidly ab-
sorbed and have short half-lives [within a few hours],"* and are
being developed to have limited systemic absorption, potentially
reducing the risk of adverse events [AEs]. The targeted delivery
of JAKi may also reduce intra- and interpatient drug exposure
variability, particularly in the GI tract. This review describes the
clinical pharmacology of approved JAKi as well as those in clin-
ical development for the treatment of IBD [summarised in Table 1
and Table 2].

2. Tofacitinib

2.1. Chemistry and administration

Tofacitinib [CP-690,550]° is a small molecule with a molecular
weight of 312.4 g/mol and a molecular structure of C, H, N O.3":3
An immediate release [IR] tablet formulation of tofacitinib cit-
rate [tofacitinib IR] was developed for oral administration and
was approved by the FDA and EMA for the treatment of UC
[along with other inflammatory diseases, such as rheumatoid
and psoriatic arthritis].'>'® Recently, an extended release tablet

Table 1. Summary of clinical pharmacology parameters for JAK inhibitors currently used or developed for the treatment of inflammatory

bowel diseases.

Drug JAK Selectivity PK Parameters Metabolism Elimination
[% of the dose metabolised, site, [parent and
drug metabolising enzymels]] metabolite

compounds]

Tofacitinib JAK1 > JAK3 > JAK2 T .=05-1h 65% Urine [80%]

T,~3h Hepatic [CYP3A4 and CYP2C19] Faeces [20%]

Bioavailability = 74%

Filgotinib JAK1 > JAK2 > JAK3 T, . parent=1-3h
T,, parent ~ 5-6 h
T, .. metabolite = 3-5 h
T,,, metabolite ~ 18-22 h
TD-1473 JAK1 > JAK2/JAK3/TYK2 T, 4-44h
Upadacitinib JAK1 > JAK2 > JAK3 > TYK2 T .=12h
Tuz ~4h
PF-06700841 JAK1 > TYK2 > JAK2 Tmax =1-1.5h
T,,.3.8-7.5
PF-06651600 JAK3 Unknown

% Unknown
Intestinal [CES2 [primarily]]
Hepatic [CES1]

Unknown

34%

Hepatic [CYP3A4 and CYP2D6]
84%

Hepatic [CYP3A4]

% Unknown

Hepatic [CYP450 and GST]

Urine [>80%]

Unknown

Urine [43%)]
Faeces [53%]
Urine [16%]

Unknown

JAK, Janus kinase; GST, glutathione-S-transferase; T

max?

time at maximal concentration; T, ,, elimination half-life.
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formulation of tofacitinib [tofacitinib XR] was also approved for
the treatment of UC."

2.2. Target specificity

Tofacitinib is considered a pan-JAK inhibitor with inhibitory effects
demonstrated on all JAK-mediated signalling pathways, albeit with
varying selectivity.>3* A greater potency of tofacitinib was observed
for JAK1/JAK3, with an observed half maximal inhibitory concen-
tration [IC, ] of 33 nM and 76 nM for JAK1 and JAK3, respectively,
and a 10-fold selectivity for JAK1 over JAK2 in human whole-blood
assays.*® Tofacitinib specificity for JAK1/JAK3 was also observed
in human peripheral blood mononuclear cells [PBMCs], primarily
in CD4 + T cells and natural killer [NK] cells, and in monocytes to
a lesser extent.** Upon stimulation with the JAK1/JAK3-dependent
cytokines interleukin [IL]-2, IL-4, IL-15, and IL-21, tofacitinib IC,
values ranged from 11 to 22 nM in CD4 + T cells and from 8 to
22 nM in NK cells.

2.3. Pharmacokinetics

Absorption of tofacitinib is rapid, with peak plasma concentra-
tions achieved between 0.5 and 1 h following administration of
single doses ranging from 0.3 to 100 mg in healthy subjects.?-*
Tofacitinib has a linear and dose-proportional pharmacokinetic
[PK] profile with a functional half-life of ~3 h in healthy subjects®

and patients with UC.?¢ Tofacitinib clearance is mediated by hepatic
cytochrome P450 [CYP]-mediated metabolism [65%].** Primary
and secondary hepatic metabolism occurs through CYP3A4 and
CYP2C19, respectively, and results in fewer than 10% circulating
metabolites.’* Metabolites are not clinically significant, as their
potency is predicted to be <10% of that observed for tofacitinib
for inhibition of JAK1/JAK3.> Approximately 80% and 20% of
tofacitinib and related metabolites are eliminated in the urine and
faeces, respectively, in healthy subjects.?® Absolute oral bioavail-
ability of tofacitinib in healthy subjects was 74 %, with total plasma
clearance of 24.8 L/h.>” An oral clearance [CL/F] of 34.9 L/h was
observed in analysis of PK data collected in 16 phase 1 studies
involving healthy subjects.*

Approval of tofacitinib XR was based on two phase 1 studies
conducted in healthy subjects, which included a single- and multiple-
dose relative bioavailability study and a food-effect study.’® In the
single-dose phase of the bioavailability study, subjects received either
11 mg tofacitinib XR once daily [QD] or § mg tofacitinib IR twice
daily [BID] on Day 1. Subsequent dosing on Days 3 to 7 occurred in
the multiple-dose phase. Bioequivalence of the XR and IR formula-
tion was observed. Geometrical mean ratios of area under the curve
[AUC_ and maximum serum concentration [C_ ] were contained
within the 90% confidence intervals [Cls], and associated 90% Cls
were within the equivalence interval of 80-125% following both
single- and multiple-dose administration for the XR and IR formu-
lations. In the food-effect study, healthy subjects received a single

Table 2. Population PK models, PK parameters and covariates for JAK inhibitors currently used or developed for the treatment of inflam-

matory bowel diseases.

Drug PK model Population PK parameters Dosing regimen
Parameters Covariates
Tofacitinib One-compartment model with CL/F [L/h] 22.4 No covariates were identified Patients with UC adminis-
first order absorption and %CV [CL/F] 31.4 to have an effect on tofacitinib tered with placebo or oral
elimination in adult patients V/F [L] 94.2 exposure tofacitinib doses of 0.5, 3, 10,
with UC?® Ka [/h] 2.83 15 mg BID for 8 weeks?*
%CV [Ka] 87.5
Tlag [h] 0.16
Filgotinib Three-compartment model CL /F [L/h] 3.97 Decreased CL /F with body Healthy male subjects admin-
with first-order oral absorp- %CV [CL/F] 8.0 weight and sex was found to istered either placebo or oral
tion and elimination in healthy V/E[L] 3.08 affect V/F [L] filgotinib single doses ranging
subjects?” %CV [V /F] 52 from 10 mg to 200 mg and,
Q/F [L/h] 2.002 subsequently, multiple doses
VP/F [L] 4.72 of 25, 50, 100 mg BID or 200,
CL,/F [L/h] 1.004 300, 450 mg QD for 10 days?’
%CV [CL,/F] 20.3
V/F [L] 4.36
%CV [V, /F] 4.7
Ka [/h] -0.733
Upadacitinib Two-compartment model CL/F [L/h] 39.7 CL/F and Vc/F was decreased Healthy subjects administered
with first-order absorption %CV [CL/F] 16 in females compared with placebo or upadacitinib single
and elimination in healthy Vc/F [L] 146 males, CL/F was decreased doses of 1, 3, 6, 12, 24, 36 or
subjects?® %CV [Vc/F] 14 with increased creatine clear- 48 mg, or multiple doses of
Ka [1/h] 12.3 ance, Vc/F was decreased with 3,6,12,and 24 mg BID for
%CV [Ka] 150 increased body weight 14 days”
Tlag [h] 0.48
Vp/F [L] 64.3
Q/F [L/h] 3.23

PK, pharmacokinetics; BID, twice daily; QD, once daily; CL/E, oral clearance; CLp/F, oral clearance for the parent compound; CL,/F, oral clearance for the

metabolite compound; CV, coefficient of variation; Ka, absorption rate constant; Q/F, oral intercompartmental clearance; T

1722

half-life; UC, ulcerative colitis; V/F,

oral volume of distribution; Vc/F, oral volume of distribution for the central compartment; Vp/F, oral volume of distribution for the peripheral compartment; V, /F,

oral volume of distribution for the metabolite compound; Tlag, absorption lag time.
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11-mg dose of tofacitinib XR under fasting or fed [high-fat break-
fast] conditions. Equivalence was observed for AUC_ under the two
conditions. Although tofacitinib XR C__increased 27% with food
intake, this increase was not considered clinically relevant.

A population PK analysis of tofacitinib IR was conducted in pa-
tients with UC and administered 0.5, 3, 10, or 15 mg of tofacitinib
BID for 8 weeks, in a dose-ranging phase 2 trial.?* The pharmacokin-
etic profile of tofacitinib was described by a one-compartment model
with first-order absorption and elimination. Oral clearance, oral
volume of distribution [V/F], and first order absorption rate constant
[Ka] population parameters were estimated to be 22.4 =+ 0.95 L.h-
1,942 +235L, and 2.83 = 0.46 h"' (mean = standard error [SD]),
respectively, with an absorption lag time of 0.16 h. Estimated
interpatient variability [%CV] was 31.4% for CL/F and 87.5%
for Ka. The tofacitinib population PK model developed in patients
with UC showed no drug accumulation, as the average plasma drug
concentration during a dosing interval at steady state [C_
the nominal 12-h dosing interval dose-proportionally increased,
and no significant change in exposure between baseline and Week

] over

8 was described in the dose groups. Apparent clearance, baseline
albumin concentration, total Mayo score, faecal calprotectin [FC],
and C-reactive protein [CRP] concentrations were not found to be
significant covariates for exposure, suggesting that tofacitinib C_
is not influenced by baseline disease activity. The observation that
C,,., and the minimum trough plasma concentration at steady state
[C

mately in proportion with dose, was consistent with the linear and

roughee] At the end of the 12-h dosing interval increased, approxi-
dose-proportional PK of tofacitinib observed in non-compartmental
analysis conducted in healthy subjects.

An exposure-response model was also developed to determine
the effects of tofacitinib on ex vivo markers of response [i.e., IL-6
mediated phosphorylation of STAT3 and IL-7 mediated phosphor-
ylation of STATS] in blood samples from healthy subjects admin-
istered tofacitinib 5 mg BID for 14 days.* In this study, tofacitinib
reversibly inhibited IL-6 mediated phosphorylation of STAT3
and IL-7 mediated phosphorylation of STATS in a concentration-
dependent manner. The estimated IC,; of tofacitinib was 119 nM
for IL-6 mediated phosphorylation of STAT3 and 79.1 nM for IL-7
mediated phosphorylation of STATS.

2.4. Pharmacodynamics

2.4.1. Efficacy

Tofacitinib IR was approved for the treatment of UC based on the
results of the phase 3 OCTAVE programme, which included two
identical induction studies [OCTAVE 1 and 2] and a maintenance
trial [OCTAVE Sustain].*#! Patients enrolled in the induction
studies were randomised to tofacitinib 10 mg BID or placebo for
8 weeks. Clinical remission [a total Mayo Clinic score <2, with no
subscore >1 and a rectal bleeding subscore of 0] at 8 weeks occurred
in 18.5% [OCTAVE 1] and 16.6% [OCTAVE 2] of patients random-
ised to tofacitinib versus 8.2% [OCTAVE 1] and 3.6% [OCTAVE 2]
of patients randomised to placebo [p = 0.007 and p < 0.001 for the
OCTAVE 1 and 2 primary outcome results], respectively. Week 8, re-
sponders [decrease from baseline in the total Mayo score >3 points
and >30%, with an accompanying decrease in the rectal bleeding
subscore of >1 point or an absolute rectal bleeding subscore of 0
or 1] were re-randomised to maintenance treatment with tofacitinib
10 mg or 5 mg or placebo BID for 52 weeks in the maintenance
study.*! After 52 weeks, clinical remission rates were significantly
higher in patients re-randomised to treatment with 5 mg [34.3%]
and 10 mg [40.6%] tofacitinib compared with those re-randomised
to placebo [11.1%; p < 0.001 for both comparisons].

Although phase 2 clinical trials of tofacitinib for the treatment of
CD were also conducted, similar efficacy was not observed in these
patients compared with those with UC.*> Clinical development for
this indication was discontinued; however, modest associations were
observed between higher doses of tofacitinib and Week 4 CRP and
FC concentrations, suggesting a modulation of inflammatory ac-
tivity.*? It has also been suggested that high placebo response and
remission rates, potentially arising from a combination of factors
such as the use of concomitant medication [e.g., high proportion
of patients using corticosteroids and slow prolonged taper during
maintenance therapy], study design [e.g., site-investigator rather
than blinded central reading of endoscopy for study enrolment], and
the primary endpoint (e.g., Crohn’s Disease Activity Index [CDAI]
rather than patient-reported outcomes including objective markers
of disease activity) may have obscured a potential treatment effect of
tofacitinib in patients with CD.'*#

2.4.2. Safety

Influenza, nasopharyngitis, arthralgia, and headache were the most
commonly reported AEs in the OCTAVE trial programme.*’ No
overall difference in the rate of AEs between the recommended
dosing regimens of tofacitinib (10 mg BID for 8 weeks [OCTAVE
Induction 1 and 2 trials] and 5 mg or 10 mg BID for 52 weeks
[OCTAVE Sustain trial]) and placebo were reported in the phase 3
randomised controlled trials included in the OCTAVE programme.*'
Infections occurred more frequently with tofacitinib treatment com-
pared with placebo in the induction studies, including a small, but
higher, risk for serious infections [1.3% versus 0% in OCTAVE 1
and 0.2% versus 0% in OCTAVE 2]. A higher rate of herpes zoster
was observed in the 10 mg tofacitinib group [5.1%] compared
with the 5 mg tofacitinib [1.5%] and the placebo group [0.5%] in
the OCTAVE Sustain maintenance study.*’ Higher risk of herpes
zoster was associated with age >65 years, Asian race, previous tu-
mour necrosis factor inhibitor failure, and higher tofacitinib dose.*
A dose-dependent risk of herpes zoster infection in patients with UC
who received tofacitinib was reported in a recent integrated safety
analysis of the aforementioned studies.” The risk of developing
lymphoma or other malignancies in patients with UC was low and
stable, based on analysis of the same pooled data the same analysis.*
Recent post-marketing reports indicate a higher risk of thrombotic
events in patients with rheumatoid arthritis [RA] on tofacitinib or
other JAKi,* although these events are infrequent and may be re-
lated to the existence of underlying conditions.”* The prescribing
information for tofacitinib was modified to include two boxed warn-
ings for an increased risk of pulmonary embolism and mortality with
a 10 mg BID dose, based on post-marketing data derived from
patients with RA who were at least 50 years old and had at least one
cardiovascular risk factor.” Furthermore, the current prescribing in-
formation for the treatment of patients with UC recommends the use
of tofacitinib at the lowest dose and for the shortest duration pos-
sible to achieve/maintain a therapeutic response, such that treatment
with 10 mg BID should not extend beyond the induction period, and
maintenance dosing should not exceed 5 mg BID, except for loss of
response.'

Changes in biochemical and laboratory parameters have been
observed with tofacitinib treatment,**-* but none of these changes
was shown to have a clinical impact, and all were reversible on
therapy cessation. No foetal deaths or congenital malformations
were observed in the clinical development programmes for RA,
psoriasis, or IBD.%%5! The safety of tofacitinib during pregnancy and
breastfeeding has not been investigated, and is therefore not cur-
rently recommended in these patient populations.
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2.5. Factors affecting pharmacokinetics

2.5.1. Drug interactions

Tofacitinib is metabolised via hepatic CYP3A4 and CYP2C19 en-
zymes; therefore, administration of tofacitinib with strong CYP3A4
inhibitors, such as ketoconazole, or co-administration with moderate
CYP3A4 andstrong CYP2C19inhibitors,such as fluconazole,canlead
to increased exposure to tofacitinib.” In healthy subjects, tofacitinib
area under the curve [AUC] and Cmax values were increased by
79% and 27 %, respectively, with fluconazole co-administration, and
103% and 16 %, respectively, with ketoconazole co-administration.*
This AUC change following co-administration of fluconazole or
ketoconazole with tofacitinib is consistent with the reported in-
volvement of CYP3A4 in approximately 50% of clearance, whereas
the Cmax change is consistent with a calculated first-pass extrac-
tion ratio of approximately 0.2.3¢ Adjustments of tofacitinib dose
is therefore recommended if co-administration of strong CYP3A4
inhibitors, or moderate CYP3A4/strong CYP2C19 inhibitors, is re-
quired.” Phase 1 studies conducted in healthy subjects also dem-
onstrated that co-administration of the CYP3A4 inducer rifampin
decreased tofacitinib exposure, as shown by a decrease in tofacitinib
AUC,_and C__ of 84% and 74%, respectively.”> The use of im-
munosuppressive drugs, such as azathioprine, tacrolimus, and
cyclosporine, with tofacitinib can also affect tofacitinib exposure
and increase risks associated with enhanced immunosuppression.3®
Co-administration of immunosuppressive drugs with tofacitinib is
therefore not recommended.

2.5.2. Renal impairment

The PK profile of tofacitinib in patients with normal [creatinine
CL >80 mL/min], mild [creatinine CL >50 and <80 mL/min], mod-
erate [creatinine CL >30 and <49 mL/min] or severe [creatinine
CL <30 mL/min] renal impairment or with end-stage renal dis-
ease |[ESRD] requiring dialysis was investigated in two phase 1
studies.”* In both studies, patients were administered a single
10-mg dose of tofacitinib. Pharmacokinetic data were collected
before and after dosing and/or haemodialysis [patients with ESRD
only]. Tofacitinib C__ was comparable between patients with
renal impairment or ESRD, and those with normal renal func-
tion. Relative to patients with normal renal function, the mean
[90% confidence interval] tofacitinib AUC_ ratios were 137%
[97-195], 143% [101-202], and 223% [157-316] in patients
with mild, moderate, and severe renal impairment, respectively.
Terminal phase half-life increased with severity of renal impair-
ment. The mean AUC__ in patients with ESRD on a non-dialysis
day was similar to that observed for patients with moderate renal
impairment and approximately 40% higher than the mean AUC|_
for healthy subjects.

Dose adjustment for patients with moderate or severe renal im-
pairment [including those with ESRD requiring dialysis] is therefore
recommended for tofacitinib by both the FDA and the EMA.!>1®
Recommendations for tofacitinib dose adjustments are only re-
commended by the EMA for patients with severe renal impairment,
whereas the FDA recommends these adjustments for both moderate
and severe renal impairment.'>!¢ For patients with renal impairment,
the dose of tofacitinib IR should be reduced from 10 mg BID to
5 mg BID, or from 5 mg BID to 5 mg QD, and tofacitinib XR should
be reduced from 22 mg QD to 11 mg QD or switched from 11 mg
QD to 5 mg QD tofacitinib IR. Administration of adjusted doses of
tofacitinib is reccommended immediately following dialysis [when re-
quired] for patients with ESRD.

2.5.3. Hepatic impairment

The effect of mild [Child-Pugh score 5-6 points; Class A| and mod-
erate [Child-Pugh score 7-9 points; Class B] hepatic impairment on
the PK profile of tofacitinib was investigated in an open-label trial.
All patients and healthy subjects in this trial received a single 10-mg
dose of tofacitinib.” Both AUC|  and C _ were comparable be-
tween patients with mild hepatic impairment and healthy subjects.
However, increases [90% CI| of 65% [25-117] and 49% [12-97]
for mean AUC,_ and C__
with moderate hepatic impéirment compared with healthy subjects.
The FDA and EMA recommend tofacitinib IR dose reductions from
10 mg BID to 5 mg BID, or from 5 mg BID to 5 mg QD for pa-
tients with moderate hepatic impairment.’>'* Doses of tofacitinib
XR should be reduced from 22 mg QD to 11 mg QD or switched
from 11 mg QD to 5 mg QD of tofacitinib IR. There are no data on
the effect of severe hepatic impairment on the PK of tofacitinib, and
use of tofacitinib in this patient population is therefore not recom-
mended by the FDA or EMA.

max

respectively, were observed in patients

3. Filgotinib

3.1. Chemistry and administration

Filgotinib [or GLPG0634]* is a small molecule with a molecular
weight of 425.5 g/mol and a molecular formula of C, H,,N.O,5.3>%
A tablet formulation of filgotinib was developed for oral administra-
tion, and filgotinib is currently in clinical development for the treat-
ment of patients with UC or CD.

3.2. Target specificity

In a cell-free enzyme assay, filgotinib inhibited JAK1 [IC, = 10 nM]
and, to a lesser extent, JAK2 [IC, = 28 nM],but with greater potency
than JAK3 [IC, = 810 pM] or TYK2 [IC, = 116 pM].** In human
whole-blood assays, a greater potency [IC, = 629 nM] and a 28-fold
selectivity of filgotinib was observed for JAK1 over JAK2.** An ac-
tive metabolite of filgotinib was found to have a similar selectivity
[30-fold selectivity for JAK1 over JAK2] but with a reduced potency
for JAK1 [IC,, = 11.9 nM], compared with the parent filgotinib.*”**

3.3. Pharmacokinetics

A non-compartmental PK analysis of filgotinib was conducted using
data collected from two clinical trials in which healthy subjects
received filgotinib as single dose of 10, 25, 50, 100. and 200 mg
[trial 1], or repeated doses of 25, 50, and 100 mg BID or 200, 300,
and 450 mg QD for 10 days [trial 2].?” In trial 1 [single ascending
doses] and trial 2 [multiple ascending doses], filgotinib was rapidly
absorbed within 0.5 to 5.0 h [T ]. Exposure to filgotinib was dose-
proportionally increased within the single and multiple ascending
dose ranges. Steady state for filgotinib exposure was reached after
48 h of repeated dosing, independently of administered dose and
dosing regimen. Of note, filgotinib exposure also increased dose-
proportionally for 100 mg BID and 200 mg QD, but the apparent
terminal half-life [5-6 h] and the accumulation ratio were compar-
able between the two dosing regimens. Overall, the intrasubject vari-
ability of filgotinib exposure at steady state was low to moderate
[16% to 44% when considering both C___and AUC].

Filgotinib undergoes CYP-independent and extensive metab-
olism by carboxylesterases, resulting in an active metabolite.’”*® In
vitro studies revealed that this occurs primarily via metabolism by
carboxylesterase-2°% which is mainly expressed in the small intes-
tine and colon, and to a lesser extent in the liver.”> Elimination of
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filgotinib and its major metabolite occurs predominantly in the urine
[>80%].5

The active metabolite of filgotinib reached maximal exposure
within 3 to 5 h, and increased in proportion to the single ascending
doses as well as between repeated doses of 25 to 100 mg BID and
300 to 450 mg QD administered for 10 days.?” Exposure of the
filgotinib metabolite following 200-mg QD doses was similar to
that observed following administration of 300 mg QD. The mech-
anism underlying this observation was unclear and could not be ex-
plained by a change in metabolite formation or elimination rates.
The elimination half-life of filgotinib is 23 h following administra-
tion of single doses, and 22 to 27 h following repeated doses, leading
to up to a 2.0- and 3.9-fold accumulation after administration of
repeated doses of filgotinib 25 t0100 mg BID and 200 to 450 mg
o QD for 10 days, respectively.?” Steady-state levels were reached
within 4 days in the 50 to 200 mg repeated dose range. The metab-
olite concentrations were 16-20 fold higher than those of the parent
compound with administration of the 50 to 200 mg daily doses.?”
Overall, the intrasubject variability of filgotinib metabolite exposure
at steady state was low [below 26 % when considering both C__and
AUC]. Dose-normalised exposure [AUC ] and parent-metabolite
ratio after 200 mg QD and 100 mg BID administration for 10 days
were similar, thereby confirming the dose-proportional PKs of the
metabolite. Considering the IC of filgotinib [IC, =629 nM or
267 ng/mL] and its major metabolite [IC, = 11.9 nM or 4,529 ng/
mL] for JAK1, and filgotinib exposure reported by Namour et al.,*”
the optimal therapeutic dose range of filgotinib would be between
50 mg BID and 200 mg QD. No food effect was reported on overall
filgotinib or metabolite exposure.®

A population PK model for filgotinib and its active metabolite
was also developed using data obtained from healthy subjects.?” The
dose-exposure profile of filgotinib and its metabolite was adequatey
described by a three-compartment model, with an oral absorption
and a linear elimination for filgotinib, and a linear elimination
for the metabolite.?” Final population parameters for the parent
compound were -0.733 h! for Ka, 3.97 L/h for the oral parent
clearance [CLp/F], and 3.08 L for the oral central volume of distri-
bution [Vc/F]. For the metabolite, final population parameters were
1.04 L/h for the oral metabolite clearance [CL, /F] and 4.36 L for the
oral metabolite volume of distribution [V, /F]. Body weight and sex
were identified as significant covariates for filgotinib CL/F and V/F,
respectively. Between-subject variance for the parent and metabolite
CL/F was 0.102 and 0.0444, respectively. An exposure-response
model was also developed to determine the effects of filgotinib on
ex vivo markers responses [IL-6 induced STAT1 phosphorylation]
in CD4+ cells isolated from blood samples collected from healthy
subjects who received a single dose ranging from 10 to 200 mg,
repeated doses of 25 to 100 mg BID, or 200 to 450 mg QD for
10 days.?” In this study, filgotinib inhibited IL-6 induced STAT1
phosphorylation according to a sigmoid Emax model. Estimated
IC,, for IL-6 induced STAT1 phosphorylation was 293 ng/mL for
the parent compound and 1686 ng/mL for the metabolite.

3.4. Pharmacodynamics

3.4.1. Efficacy

The efficacy of filgotinib for treatment of CD was evaluated in the
phase 2 FITZROY study in which patients with active symptoms
[CDAI 220-450] and centrally confirmed endoscopically active CD
(Simple Endoscopic Score [SES]-CD 27, or 24 in the case of iso-
lated ileitis) were enrolled.®! Patients were randomised to treatment
with filgotinib 200 mg QD or placebo for 10 weeks. At Week 10,

clinical remission [CDAI <150] was achieved in 47% of patients
treated with filgotinib compared with 23% of patients treated
with placebo (difference 24%, 95% confidence interval [CI] 9-39;
p =0.0077). Endoscopic and biomarker-related results also sup-
ported the efficacy of filgotinib for treatment of moderate-to-severe
CD. Although numerically higher, the rate of endoscopic improve-
ment [defined as a 50% reduction in the SES-CD score] at Week
10 was not significantly higher in patients treated with filgotinib
compared with patients treated with placebo [25% versus 14%,
respectively]. Normalisation of both CRP and FC concentrations
were more frequently observed in patients treated with filgotinib,
compared with patients treated with placebo. A large phase 3 clin-
ical development programme of filgotinib for the treatment of CD
[NCT02914561 and NCT02914600]'*? and UC [NCT02914535
and NCT02914522]%2%3 is ongoing, as are dedicated trials for pa-
tients with perianal fistulising [NCT03077412],* and small bowel
CD [NCT03046056].%

3.4.2. Safety

In the phase 2 FITZROY study,® patients who responded to
filgotinib at Week 10, based on CDAI clinical responder status, were
re-randomised to treatment with filgotinib 100 mg or 200 mg QD,
or placebo, for an observational period of 10 weeks. No differences
in rates of serious treatment-emergent AEs were observed compared
with placebo after 20 weeks of filgotinib therapy, although serious
infections [i.e., urinary tract infections, nasopharyngitis, pneumonia,
herpes zoster, and oral candidiasis] were observed in four of 152
patients [3%] in the filgotinib group compared with none in the pla-
cebo group.®! One case of herpes zoster was reported in the filgotinib
group as a serious infection. No effect on biochemical or laboratory
parameters was observed with filgotinib treatment.

3.5. Factors affecting filgotinib pharmacokinetics

3.5.1. Drug interactions

affecting the PK and/or PD
of filgotinib and its metabolite remain to be investigated.
Theoretically, co-administration of drugs inhibiting or activating
carboxylesterase-2*° may affect the concentrations of filgotinib and
its active metabolite.

Potential drug interactions

3.5.2. Renal impairment

The PK profile of filgotinib was evaluated in a phase 1 study that
included patients with normal, mild (estimated glomerular filtration
rate [eGFR] 60-89 mL/min 1.73/m?), moderate [eGFR: 30-59 mL/
min 1.73/m?] and severe [eGFR > 15 and €29 mL/min 1.73/ m?] renal
impairment. Patients received 100 mg filgotinib QD for 10 days.®
Renal CL of filgotinib and its metabolite decreased with the severity
of renal impairment; CL in patients with severe renal impairment
[0.898 L/h] was 80% lower than that observed for subjects with
normal renal function [4.45 L/h]. At steady state, AUC_,,, was in-
creased 1.54-fold for filgotinib and 2.74-fold for its metabolite in
patients with severe renal impairment. Severity of renal impairment
had no effect on C___of filgotinib, whereas C___for the metabolite
was increased 2.17-fold in patients with severe renal impairment.
Minimal effects on exposure [C___and AUC,, ] to filgotinib or its
metabolite were observed in patients with mild and moderate renal

impairment; AUC,_ ,. was increased 1.67-fold for the metabolite in

0-24h
patients with moderate renal impairment. Filgotinib dose adjust-
ments may be considered in patients with moderate and severe renal

impairment.
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3.5.3. Hepatic impairment

One phase 1 clinical trial has been conducted to evaluate the effect of
mild [Child-Pugh score 5-6 points; Class A], moderate [Child-Pugh
score 7-9 points; Class B], and severe [Child-Pugh score 10-15 points;
Class C] hepatic impairment on the PK profile of filgotinib. Patients
received a single dose of 100 mg filgotinib. The AUCs for filgotinib
and its metabolite were increased 1.6-fold and 1.2-fold, respectively,
in patients with moderate hepatic impairment compared with healthy
subjects.’” No dose adjustment has been recommended for filgotinib
for patients with mild or moderate hepatic impairment. No data for
patients with severe hepatic impairment are currently available.

4. TD-1473

4.1. Chemistry and administration

TD-1473 [JNJ-8398] is a intestinally-restricted pan-JAK in-
hibitor that was developed for oral administration in patients with
moderate-to-severe UC.®® The molecular weight and structure of
TD-1473 are currently not publicly available.

4.2. Target specificity

TD-1473 demonstrates inhibitory potencies similar to what has been
reported for tofacitinib in cellular assays. In human PBMCs and co-
lonic epithelial cell lines, TD-1473 inhibited cytokine-induced STAT
phosphorylation with a pIC, > 6.7 [or IC, <200 nM].®* The of IC,
observed values for JAK1/JAK3 and TYK2 were reported to be in
the range of 32-158 nM, with limited selectivity.”’ Of note, TD-1473
selectivity for JAK1 was shown to be >100 fold relative to TD-1473

off-target activity.®’

4.3. Pharmacokinetics
Systemic exposure of TD-1473 [1 mg/kg] was approximately 1000-
fold lower than that observed with tofacitinib [15 mg/kg] in a
murine oxazolone-induced colitis model orally dosed with either of
TD-1473 or of tofacitinib, confirming low systemic exposure [and
potentially gut-restricted absorption] of TD-1473.¢°

Non-compartmental PK analyses of TD-1473 were conducted
on PK data collected from healthy subjects randomised to receive
a single TD-1473 dose ranging from 10 to 1000 mg or multiple as-
cending doses ranging from 10 to 300 mg over 14 days.”" As expected,
TD-1473 exhibited low systemic exposure, given that this molecule
is intestinally-restricted. TD-1473 is characterised by a multiphasic
and dose-proportional PK profile. Apparent mean terminal elimin-
ation half-life ranges from ~4 to 44 h. Accumulation ratios of C__
and AUC_,, from Day 1 to Day 14 ranged from 0.5 to 2.3 and 1.4
to 1.6, respectively, with minimal accumulation of TD-1473. Steady-
state levels were achieved after ~9 days of dosing, and CL/F and V/F
ranged from 5519 to 8662 L/h and 113 500 and 571 399 L, respect-
ively. Less than 0.5% of TD-1473 was eliminated in the urine.

The PK profile of TD-1473 was also investigated in patients with
moderate- to- severe active UC who received QD doses ranging from

20 to 270 mg.” Plasma exposure was low [C ranged from 0.20

rough
to 1.074 nM with ascending doses], speciﬁ[calgly when compared
with systemic tofacitinib exposure measured in patients with UC
who received BID doses ranging from 0.5 to 15 mg [C,_  ranged
from 0 to 20 ng/mL or 0 to 64 nM].?¢ Colonic tissue concentra-
tions of TD-1473 were expectedly higher than plasma [range from
10 to 160 nM with ascending doses] and were in the necessary range
for JAK inhibition [IC,, = 32-158 nM for TD-1473-induced JAK1/
JAKS3 inhibition].®®

Two clinical trials have been conducted to determine TD-1473
absorption, distribution, metabolism, and elimination in healthy
subjects [NCT03408470] and food-effect and drug-drug interaction
[NCT03555617]. Although these trials were completed in 2018, no
data are currently publicly available.

4.4. Pharmacodynamics

4.4.1. Efficacy

The efficacy of TD-1473 for the treatment of moderate-to-severe active
UC was investigated in one phase 1b study.” Patients received doses
of TD-1473 ranging from 20 to 170 mg QD over 28 days. Trends for
higher rates of mucosal healing and improvement >1 point on the
Mayo Clinic rectal bleeding score and endoscopy subscore at Day 28
were observed in patients treated with TD-1473 compared with those
treated with placebo.”””> A dose-related reduction in the Robarts
Histological Index was observed in patients treated with 20 and
270 mg of TD-1473 for Day 28.7> Although highly variable, overall
concentrations of CRP and FC decreased in patients treated with
TD-1473, compared with those treated with placebo.””> Consistent
with TD-1473’ intestinal-restriction, clinical and histopathological
outcomes following TD-1473 therapy were accompanied by molecular
effects observed in colonic biopsies. Statistically significant reductions
in the levels of phosphorylated colonic-STAT1 and STAT3 were ob-
served in samples from patients treated with the highest TD-1473
dose [270 mg], and modifications in the tissue UC-transcriptomic sig-
nature were observed with TD-1473 treatment.”

Of note, a phase 3 study assessing the safety and efficacy of
TD-1473 in patients with moderate-to-severe UC [Study RHEA,
NCT03758443], a long-term safety study of TD-1473 in patients
with moderate-to-severe UC [NCT03920254], and an efficacy and
safety study of TD-1473 for treatment of patients with CD [study
DIONE, NCT03635112] are currently ongoing.

4.4.2. Safety

No moderate, severe or serious treatment-emergent adverse events
[TEAEs| were observed in healthy subjects randomised to receive a
single TD-1473 dose ranging from 10 to 1000 mg or multiple as-
cending doses ranging from 10 to 300 mg over 14 days.” The incidence
of TEAEs was higher in patients treated with placebo compared with
patients treated with TD-1473 [40% versus 33% in the single-dose
study and 88% versus 58% in the multiple-dose study]. No clinically
relevant treatment-related effects on vital signs, clinical laboratory,
or electrocardiogram parameters were reported in healthy subjects.”
Similarly, no major safety concerns were observed in a phase 1b study
involving patients with UC other than two serious TEAEs related to
UC disease exacerbation [hospitalisation] in two patients, one each
in the 20 mg and 80 mg treatment groups.®*”° No cases of serious or
opportunistic infection or signals for abnormalities in haematological
or chemistry laboratory parameters were reported in this study.®*”°

4.5. Factors affecting pharmacokinetics
There are no data currently available on potential drug interactions
or the effect of renal or hepatic impairment on TD-1473 PK.

5. Upadacitinib

5.1. Chemistry and administration

Upadacitinib [ABT-494] has a molecular weight of 389.38 g/mol and
WEN,O e %2 H20.7 A tablet formu-
lation of upadacitinib was developed for oral administration and

a molecular formula of C,_H
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has received regulatory approval for the treatment of adults with
moderately-to-severely active rheumatoid arthritis who have had
an inadequate response or intolerance to treatment with metho-
trexate.”>”* Upadacitinib is currently being evaluated in clinical trials
for the treatment of adult patients with UC or CD.

5.2. Target specificity

Upadacitinib was engineered for increased selectivity for JAK1, using
structural predictions indicating the potential for differential binding
interactions outside the ATP-binding active site of JAK1 [in prefer-
ence to JAK2 and JAK3].” In a cell-free enzyme assay, upadacitinib
inhibited JAK1 with an IC, of 43 nM and, to a minor extent, JAK2
[IC,,= 120 nM], but with greater potency than JAK3 [IC, = 2.3 uM]
or TYK2 [IC, = 4.7 uM].”® In cellular assays dependent on specific
relevant cytokines [IL-6 for JAK1 activation, erythropoietin for JAK
2 activation, and IL-2, 4 and 15 for JAK3 activation], upadacitinib
was approximately >60 fold more selective for JAK1 than for
JAK2777 and >100 fold more selective than for JAK3.”” In human
cell-based assays to measure upadaticinib-mediated inhibition of
STAT phosphorylation, inhibition of JAK1/JAK1 [EC, = 9 nM] and
JAK1/JAK3 [EC, = 5013 nM] signalling was potently greater than
JAK2/JAK2 signalling [EC, =628 nM].” Upadaticinib specificity
for JAK1/JAK3 was also observed in human PBMCs, primarily in
CD4 + T cells and NK cells, and to a minor extent, in monocytes.>*
Upon stimulation with the JAK1/JAK3-dependent cytokines IL-2,
IL-4, IL-15, and IL-21, upadacitinib IC,  values were 10, 18, 17,
and 20 nM in CD4 + T cells and 27, 8, 40, and 24 nM in NK cells,
respectively.

5.3. Pharmacokinetics
The PK profile of upadacitinib was investigated in a phase 1 clinical
trial in which healthy subjects were administered single upadacitinib
doses ranging from 1 to 48 mg and multiple ascending doses ranging
from 3 to 24 mg given BID for 13 consecutive days.?’ Upadacitinib
was rapidly absorbed after oral administration, witha T of 1 to 2
hours. Upadacitinib concentrations then decreased bi-exponentially,
with a functional half-life of ~4 h.? Steady-state upadacitinib trough
concentrations were achieved within 4 days, and minimal drug ac-
cumulation was detected across the 3 to 24 mg dose range when
administered BID for 13 days. Upadacitinib’s PK profile was dose-
proportional over single doses ranging from 3 to 36 mg and multiple
doses ranging from 3 to 24 mg BID.?” Upadacitinib is subject pri-
marily to hepatic metabolism [80%], mediated mostly by CYP3A4,
and by CYP2D6 to a minor extent.”” Approximately 24% and 38%
of the drug is eliminated unchanged in urine and faeces, respect-
ively.?”73 No active metabolites of upadacitinib have been identified.”
Upadacitinib’s PK profile in healthy subjects was well described
by a two-compartment model with first-order absorption and elim-
ination when using data from a phase 1 clinical trial.?%*’ Population
parameters were estimated to be 0.48 h for absorption lag time,
12.3 h'! for Ka, 210 L for apparent steady state V/F, and 39.7 L/h for
CL/E. Significant covariates included sex [CL/F and V¢/F], creatinine
clearance [CL/F], and body weight [Vc/F]. Inter-subject variability
was 150% for Ka, 14% for V/F, and 16% for CL/V.?® An exposure-
response model was also developed in which the effects of varying
doses of upadacitinib on ex vivo marker responses [IL-6 induced
phosphorylated STAT3 and IL-7-induced phosphorylated STATS] in
blood samples were simulated.?* Upadacitinib reversibly inhibited
IL-6 induced phosphorylated STAT3 and IL-7 induced phosphor-
ylated STATS in a concentration-dependent manner in this study.

Estimated IC, were of 60.7 nM for IL-6 induced phosphorylated
STAT3 and 125 nM for IL-7-induced phosphorylated STATS.

5.4. Pharmacodynamics

5.4.1. Efficacy

The efficacy of upadacitinib for the treatment of CD and UC was
evaluated in two phase 2 clinical trials. The CD CELEST study
randomised 220 patients with moderate-to-severe disease to treat-
ment with an IR formulation of upadacitinib [3 mg, 6 mg, 12 mg,
and 24 mg BID and 24 mg QD] or placebo for 16 weeks.”*” The
co-primary endpoints included endoscopic remission [SES-CD <4
and >2 point reduction from baseline with no subscore >1] at Week
12 or Week 16, and clinical remission [Mayo Clinic stool frequency
<1.5 and abdominal pain scores both <1 and both not worse than
baseline] at Week 16. The rate of clinical remission was significantly
higher in patients receiving upadacitinib 6 mg BID compared with
placebo. Rates of endoscopic remission were significantly higher in
patients receiving 3, 12, and 24 mg upadacitinib BID and 24 mg
QD upadacitinib compared with placebo. A significant upadacitinib
dose-response relationship was observed for the treatment outcome
of endoscopic, but not clinical remission.” Early and significant ef-
fects of upadacitinib on clinical outcomes were demonstrated in the
CELEST study.*® Modified clinical remission (average daily liquid/
very soft stool frequency [SF] <2.8 or daily abdominal pain score
[AP] <1), and enhanced clinical response [>60% reduction from
baseline in SF or 235% reduction from baseline in AP and both
not worse than at baseline or clinical remission] were observed in
patients treated with upadacitinib as early as Week 4 and Week 8,
respectively, compared with those treated with placebo, and both
clinical endpoints were sustained in all upadacitinib dose groups for
up to 16 weeks.® Significant decreases in mean CRP concentrations
from baseline to Week 2 and in FC concentrations from baseline to
Week 4, respectively were observed in the 12 and 24 mg upadacitinib
treatment groups, and were sustained for up to 16 weeks. In Week 16
responders, dose-dependent increases in the rates of modified clinical
remission and endoscopic remission were observed at Week 52 in
the 3, 6, and 12 mg BID treatment arms.®! Transcriptomic analyses
of ileal or colonic biopsies, collected from patients enrolled in the
CELEST study at Week 12 or 16, indicated that upadacitinib induces
significant changes in the intestinal transcriptome of patients with
CD, in comparison with patients with CD treated with placebo.®? An
exposure-response modelling analysis was conducted using data gen-
erated in the CELEST study.®’ Increasing estimates of upadacitinib
exposure resulting from 18 to 24 mg BID dosing in patients with
CD were associated with: improved efficacy [>30% reduction from
baseline in very soft/liquid SF and/or AP score, neither worse than
baseline]; clinical remission [very soft/liquid SF <2-8 and AP score
<1-0, neither worse than baseline, among patients with baseline very
soft/liquid SF >4-0 or AP score >2-0] and CDAI <150 observed at
Week 16; and with endoscopic response 25% [>25% decrease in
SES-CD from baseline], endoscopic response 50% [>50% decrease
in SES-CD from baseline], or endoscopic remission [SES-CD <4 and
>2 point reduction from baseline with no subscore >1] observed at
Weeks 12 and 16.

ACHIEVE-UC was a dose-ranging [7.5 mg, 15 mg, 30 mg, 45 mg
QD of an XR formulation of upadacitib], placebo-controlled 8-week
study in 250 patients with moderate-to-severe UC.%* The primary
objective of this trial, a statistically significant upadacitinib dose-
response relationship for achieving clinical remission at Week 8 com-
pared with placebo, was achieved. The highest clinical remission rate
was observed with 45 mg upadacitinib QD [19.6% in the 45 mg
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upadacitinib QD group versus 0% in the placebo group]. In add-
ition, the proportion of patients achieving endoscopic improvement,
endoscopic remission, histological improvement, histological remis-
sion, and mucosal healing was statistically significantly higher in pa-
tients treated with 30 and 45 mg QD upadacitinib compared with
patients treated with placebo.®’ Data generated in the ACHIEVE-UC
study were used to conduct an exposure-response analysis.®® A sig-
nificant exposure-response relationship was observed between
upadacitinib and the percentage of subjects achieving clinical re-
sponse per adapted Mayo score, clinical remission per adapted and
full Mayo score, endoscopic improvement, and endoscopic remis-
sion, observed at Week 8.%¢

5.4.2. Safety

Upadacitinib was well tolerated compared with placebo in healthy
subjects administered single doses ranging from 1 to 48 mg or re-
peated ascending doses ranging from 3 to 24 mg BID for 14 days.”
Reported AE frequency was comparable between subjects treated
with upadacitinib and those treated with placebo. No serious infec-
tions, nor clinically significant changes in haematology, hepatobiliary,
or renal laboratory metrics, were observed with 14 days of repeated
upadacitinib dosing in healthy subjects.?’ No exposure-response re-
lationships were observed at Week 16 for safety outcomes such as
decreases in haemoglobin or lymphocytes, or for the occurrence of
herpes zoster infections, pneumonia, or serious infections.*® In the
CELEST study, the rates of any AE were similar between patients
treated with upadacitinib or placebo after over a 16-week induc-
tion period,”*” and for up to 52 weeks [although, this study lacked
a placebo group, and two intestinal perforations were observed in
patients treated with the highest upadacitinib dose [one each in the
24 mg BID and 24 mg QD groups].”*' In the UC-ACHIEVE phase
2 study, the overall incidence of AEs and AEs leading to discontinu-
ation at Week 8was similar across upadacitinib treatment groups,
and numerically higher in the placebo group.®* Rates of serious AEs
were 10.9%, 0%, 4.1%, 5.8%, and 5.4%, in which UC worsening
was reported in 4.3%, 0%, 2.1%, 5.8%, and 1.8 %, respectively, for
placebo, 7.5, 15, 30, and 45 mg QD, respectively.

The positive efficacy signal and favourable tolerability and safety
profile support further evaluation of upadacitinib in a phase 3 pro-
gramme for the treatment of UC [NCT03006068, NCT03653026,
and NCT02819635] and CD [NCT03345836, NCT03345823,
NCT02782663, NCT03345849, NCT02365649].

5.5. Factors affecting pharmacokinetics
There are currently no data available on the effect of renal or hepatic
impairment on the PK of upadacitinib.

5.5.1. Drug interactions

Given that upadacitinib undergoes hepatic metabolism primarily
by CYP3A4,” co-administration of CYP3A4 inhibitors or inducers
may affect systemic upadacitinib exposure. Two phase 1 studies
were conducted to evaluate the effect of co-administration of
ketoconazole [strong CYP3A4 inhibitor] 400 mg QD for 6 days
and rifampin [strong CYP3A4 inducer] 600 mg QD for 9 days, on
upadacitinib exposure in healthy subjects receiving daily doses of
3 mg upadacitinib.’” Co-administration of ketoconazole increased
and AUC by 70% and 75 %, respectively, whereas
rifampin co-administration decreased upadacitinib C___and AUC by

upadacitinib C

‘max

approximately 50% and 60%, respectively. Caution is reccommended

for co-administration of CYP3A4 inhibitors, and co-administration
CYP3A4 inducers is not recommended with upadacitinib.”

6. PF-06700841

6.1. Chemistry and administration
PF-06700841 is administered orally as a tablet and has a molecular
weight of 389.40 and a molecular formula of C,;H, F,N.O.5

6.2. Target specificity

PF-06700841 is a selective JAK1 and TYK2 inhibitor [IC,) 17 nM
and 23 nM, respectively,] compared with an IC,  of 77 nM for JAK2,
as assessed in a cell-free assay.*’

6.3. Pharmacokinetics
The PK of PF-06700841 was assessed in a first-in-human study in
healthy subjects and patients with plaque psoriasis. Time at max-

imal concentration [T_ ] was achieved at <1 to 1.5 h following

]
administration of single oral and multiple 10 to 175 mg doses of
PF-06700841 QD, with high-fat meals delaying T __ by ~4 h.”°
Steady state was reached by Day 8 regardless of dose administered,
and mean half-life ranged from 3.8 to 7.5 h after a single dose and
from 4.9 to 10.7 h after multiple-dose administration. Proportional
increases in AUC, ;and C_ _were observed with doses up to 100 mg.
Clearance was mediated primarily by hepatic metabolism [84%] and

renal elimination [16%].

6.4. Pharmacodynamics

The efficacy and safety of PF-06700841 are currently being evalu-
ated for the treatment of moderate-to-severe UC or CD along
with a second compound, PF-06651600 [another JAKi dis-
cussed below] [NCT02958865 for UC and NCT03395184 for
CD, respectively]. Concentrations of the biomarkers interferon
gamma-induced protein 10 [IP-10; biomarker for inhibition of
IFN signalling via JAK1 inhibition] and CRP [measured with a
high-sensitivity assay] were reduced and returned to near baseline
levels at the end of treatment in a first-in-human study involving
healthy subjects and patients with plaque psoriasis.”® No deaths
or serious AEs were reported, and all AEs were mild or moderate
in severity. Increases in serum creatinine were observed during
the study and are related to the potential for PF-06700841 medi-
ated inhibition of the renal transporter organic cation transporter
2 [OCT2], for which creatinine is a substrate. Six patients ex-
perienced this AE during the study, which led to discontinuation
of PF-06700841, although no exacerbation of clinical symptoms
was reported in these patients. Three upper respiratory tract and
one herpes zoster infection were reported in patients treated with
PF-06700841 during the study. None of these was considered
treatment-related by the investigator; however, causality could
not be definitely excluded.

Reticulocyte and neutrophil counts were reduced in healthy
subjects and patients with psoriasis during treatment with multiple
100 mg and 175 mg doses of PF-06700841, and increased to base-
line levels within 7 days after dosing.”® A reduction in platelet count
was also observed in patients with psoriasis treated with QD 100 mg
PF-06700841. The observed decreases in reticulocyte and platelet
counts are consistent with inhibition of the erythropoietin-JAK2
pathway.'®
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6.5. Factors affecting pharmacokinetics

There are currently no data available on the effect of renal or hepatic
impairment on the PK of PF-06700841,

6.5.1. Drug interactions

Co-administration of CYP3A4 inhibitors and inducers may affect
systemic exposure of PF-06700841, given that this molecule pri-
marily undergoes CYP3A4-mediated hepatic metabolism.*

7. PF-06651600

7.1. Chemistry and administration

PF-06651600 is administered orally as a tablet and has a molecular
weight of 285.34 and a molecular formula of C,;H,)N.O.”!

7.2. Target specificity
PF-06651600 is a selective JAK3 inhibitor with IC, of 33.1 nM and
with no activity [IC,; >10 000 nM] against JAK1, JAK2, and TYK2.%>
This selectivity for JAK3 over other JAK isoforms is achieved by irre-
versible covalent binding.

7.3. Pharmacokinetics

PF-06651600 is the first compound with acceptable PK/PD proper-
ties, whicht irreversibly inhibits JAK3 through covalent binding. The
half-life for JAK3 turnover in vitro in human primary CD4 + T cells
was in the 3-4 h range, suggesting that irreversible JAK3 binding
would not lead to a significantly extended pharmacodynamic effect.”?

7.4. Pharmacodynamics

As previously mentioned, PF-06651600 is currently being evaluated
for efficacy and safety with PF-06700841 in patients with moderate-
to-severe UC or CD. To date no information is available on the clin-
ical safety and efficacy profile of PF-06651600.

7.5. Factors affecting pharmacokinetics

There are currently no date available on the effect of renal or hepatic
impairment on the PK of PF-06651600.

7.5.1. Drug interactions
Metabolism of PF-06651600 is mediated by both CYP450 and
glutathione-S-transferase [GST] enzymes.”

8. Discussion

Several JAKi have shown promise for induction and maintenance
of remission in patients with moderate-to-severe UC and CD. This
drug class may constitute a convenient alternative to monoclonal
antibody therapy in patients with IBD, given that these compounds
are orally bioavailable and characterised by low inter-subject PK
variability. Similar to monoclonal antibodies, not all patients will
respond to therapy, and some patients may experience serious
AEs. Additionally, although data suggest that selected patients may
benefit from higher doses, the trade-off in terms of safety risk as-
sociated with higher doses should be considered, as adverse events
[such as infections, thrombotic events, and intestinal perforations]
were reported in patients administered JAKi. Exposure to JAKi
is increased in patients with renal or hepatic impairment and re-
quires specific dose adjustment. Multiple questions remain regarding
the mechanism of action of JAKi in IBD, the potential benefits of

selective JAKi, and the extent to which drug exposure on a systemic
and/or local level contributes to either safety or efficacy outcomes.
Gut-restricted compounds with high tissue and low systemic drug
exposure are in development and being evaluated. Prospective obser-
vational studies focusing on the clinical pharmacology of JAKi may
help to identify a predictive biomarker signature for response that
will aid in the selection of the optimal drug and dose for maximal
overall benefit [efficacy versus safety] for patients with IBD.
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