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TRANSLATIONAL SCIENCE

JAK selectivity and the implications for clinical
inhibition of pharmacodynamic cytokine signalling by
filgotinib, upadacitinib, tofacitinib and baricitinib

Paqui G Traves,' Bernard Murray,” Federico Campigotto,® René Galien,* Amy Meng,”

Julie A Di Paolo®

ABSTRACT

Objective Janus kinase inhibitors (JAKinibs) are
efficacious in rheumatoid arthritis (RA) with variable
reported rates of adverse events, potentially related to
differential JAK family member selectivity. Filgotinib was
compared with baricitinib, tofacitinib and upadacitinib to
elucidate the pharmacological basis underlying its clinical
efficacy and safety.

Methods In vitro JAKinib inhibition of signal transducer
and activator of transcription phosphorylation (pSTAT)
was measured by flow cytometry in peripheral blood
mononuclear cells and whole blood from healthy donors
and patients with RA following cytokine stimulation of
distinct JAK/STAT pathways. The average daily pSTAT and
time above 50% inhibition were calculated at clinical
plasma drug exposures in immune cells. The translation
of these measures was evaluated in ex vivo-stimulated
assays in phase 1 healthy volunteers.

Results JAKinib potencies depended on cytokine
stimulus, pSTAT readout and cell type. JAK1-dependent
pathways (interferon (IFN)ou/pSTATS5, interleukin (IL)-6/
pSTAT1) were among the most potently inhibited by

all JAKinibs in healthy and RA blood, with filgotinib
exhibiting the greatest selectivity for JAK1 pathways.
Filgotinib (200 mg once daily) had calculated average
daily target inhibition for IFNo/pSTAT5 and IL-6/pSTAT1
that was equivalent to tofacitinib (5mg two times per
day), upadacitinib (15mg once daily) and baricitinib
(4mg once daily), with the least average daily inhibition
for the JAK2-dependent and JAK3-dependent pathways
including IL-2, IL-15, IL-4 (JAK1/JAK3), IFNy (JAK1/
JAK2), granulocyte colony stimulating factor, IL-12, IL-23
(JAK2/tyrosine kinase 2) and granulocyte-macrophage
colony-stimulating factor (JAK2/JAK2). Ex vivo
pharmacodynamic data from phase 1 healthy volunteers
clinically confirmed JAK1 selectivity of filgotinib.
Conclusion Filgotinib inhibited JAK 1-mediated
signalling similarly to other JAKinibs, but with less
inhibition of JAK2-dependent and JAK3-dependent
pathways, providing a mechanistic rationale for its
apparently differentiated efficacy:safety profile.

INTRODUCTION

The Janus kinase (JAK) and signal transducers and
activators of transcription (STAT) proteins consti-
tute the JAK-STAT pathways, which are essen-
tial to immune regulation. Signalling through the
pathways is initiated when a cytokine binds its
cell-surface receptor, activating receptor-associated
JAKs and phosphorylating STAT proteins. The
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Key messages

What is already known about this subject?

» Janus kinase (JAK) inhibitors (JAKinibs) have
emerged as an important new class of oral
therapy for the treatment of rheumatoid
arthritis (RA).

» Despite showing similar clinical efficacy, the
reported incidence rates of some adverse events
of special interest vary among the JAKinibs.

» The relationship between JAK isoform selectivity
and inhibition of distinct cytokine responses
at clinical plasma exposures of these JAKinibs
could provide a mechanistic basis for their
relative efficacy and safety profiles.

What does this study add?

» This study is the first to combine in vitro
inhibition of cytokine responses in whole blood
with clinical pharmacokinetics of filgotinib,
baricitinib, tofacitinib and upadacitinib to model
daily cytokine-mediated pharmacodynamic
profiles in healthy individuals and patients with
RA.

» These data demonstrate that, compared
with upadacitinib, tofacitinib and baricitinib,
filgotinib had similar calculated daily average
inhibition of JAK1-dependent pathways
activated by interleukin 6 and interferon o,
but the least inhibition of JAK2-dependent and
JAK3-dependent signalling.

» The observed inhibition of JAKinibs on cytokine
signalling was highly nuanced, and it was
observed to be dependent on cytokine stimulus,
STAT (signal transducers and activators of
transcription) substrate and cell type, indicating
that the differential cytokine profiles may
provide a mechanistic rationale for reported
efficacy and safety.

STATs dimerise and migrate to the nucleus to
induce and/or maintain immune responses via tran-
scriptional regulation.

The JAK family consists of JAK1, JAK2, JAK3
and tyrosine kinase 2 (TYK2). They bind intracel-
lularly to dimeric cytokine receptor chains in pairs
that vary by receptor.' 2 Depending on which JAK
is activated, the functional effects vary. Specific
JAK pairs are implicated in diverse functions that
regulate inflammation,® haematopoiesis*> ** and
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Key messages

How might this impact on clinical practice or future

developments?

» This study demonstrates that JAKinibs have unique,
differential effects on specific cytokine signalling pathways
and supports that preferential JAK1 activity is sufficient
to drive RA efficacy, while JAK2 and JAK3 inhibition may
increase the incidence of adverse events of special interest.

» These data can be used to build mechanistic correlations
between cytokine inhibition and rates of adverse events
observed with real-world JAKinib use.

immune homeostasis (figure 1).”'* The JAK-STAT pathways also
play essential roles in immune-mediated pathology, including
rheumatoid arthritis (RA).®"* Uncontrolled cytokine expression
drives chronic inflammation; inadequately treated, this leads to
systemic illness, joint destruction and deformity that characterise
RA.

JAK inhibitors (JAKinibs) have emerged as an important
new class of oral therapy in RA." ¢ Baricitinib,'® tofacitinib'” '®
and upadacitinib'® are currently approved in the USA, Euro-
pean Union, Japan and other countries. Filgotinib is a novel
JAKinib and has recently been approved in the European Union
and Japan.?® Filgotinib forms an active human metabolite,
GS-829845/G254445,*" that contributes to its pharmacological
activity.”* Studies suggest that JAK1 inhibition might be largely
responsible for the efficacy of JAKinibs in RA.* ** Biochemically,
all these JAKinibs show the greatest potency at inhibiting JAK1,
with varying levels of selectivity for other JAK isoforms.”! 22
While these inhibitors have similar efficacy in patients with
RA, reported rates of adverse events (AEs) differ, including:
increased incidences of herpes zoster (HZ), serious infections,

IFNa

IL-2, IL-4, IL-15

venous thromboembolism, decreased natural killer (NK) cell
numbers, thrombocytopaenia and anaemia (online supplemental
table 1).'¢ 2% Genetic evidence has linked JAK2 to erythro-
poiesis and thrombopoiesis, JAK3 to lymphocyte proliferation
and immune homeostasis, and TYK2 to antiviral responses.® 33!
Therefore, differences in JAKinib selectivity for cytokine signal-
ling via distinct JAK pairs may provide a mechanistic rationale
for reported differences in safety profiles.

The objective of this study was to calculate the daily clinical
pharmacodynamic (PD) inhibition profiles of cytokine signal-
ling for filgotinib, baricitinib, tofacitinib and upadacitinib to
compare their inhibition and selectivity. To accomplish this, we
used a combination of in vitro cellular cytokine assays in human
peripheral blood mononuclear cells (PBMCs) and whole blood
(WB), coupling these results with the clinical RA plasma expo-
sures of each JAKinib. Furthermore, we confirmed these results
through ex vivo PD data obtained from blood samples from
phase 1 healthy volunteers administered filgotinib.

METHODS
Detailed experimental procedures are depicted in figure 2 and
described in the online supplemental materials.

RESULTS

JAK isoforms differentially contribute to JAK-STAT pathway
activity

JAKinibs showed dose-dependent inhibition of cytokine-
stimulated phosphorylated STAT (pSTAT) levels in CD4+
and CD8+ T-cells, monocytes, NK cells, neutrophils and B-cells
in human WB (tables 1 and 2, online supplemental figures 1-4)
and PBMCs (online supplemental tables 2 and 3). For a given cell
type, STAT substrate and cytokine stimulus, potency differences
were observed between JAKinibs. The potencies measured in WB
were consistently weaker than those assessed in PBMCs (tables 1

GM-CSF, EPO

Innate immune
responses

Inflammation

Lymphocyte
proliferation and
homeostasis

Erythropoiesis,
myelopoiesis,
and platelet

Innate antiviral
defense

Figure 1

production

Cytokine receptors are associated with distinct JAK pairing patterns. The JAK isoforms involved in each pathway vary according to the

specific cytokine receptor and dictate downstream outcomes. Figure adapted from Winthrop.*® EPO, erythropoietin; GM-CSF, granulocyte-macrophage
colony-stimulating factor; IFN, interferon; IL, interleukin; JAK, Janus kinase; TYK2, tyrosine kinase 2.
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A. Experimental procedure
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Figure 2 (A) Experimental design and (B) data analysis procedures. Detailed methods are included in online supplemental materials. AUC-24h,
area under the curve 0~24hours; BARI, baricitinib; FIL, filgotinib; FSC-A, forward scatter area; HD, healthy donors; IC,, half maximum inhibitory
concentration; IL, interleukin; JAK, Janus kinase; JAKi, JAK inhibitor; MET, major metabolite of filgotinib (GS-829845); mono, monocytes; PBMCs,
peripheral blood mononuclear cells; pSTAT, phosphorylated signal transducer and activator of transcription; RA, rheumatoid arthritis; SSC-A, side
scatter area; TOFA, tofacitinib; UPA, upadacitinib.

m
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and 2, online supplemental tables 2 and 3). This discrepancy B and NK cells, the potencies were comparable (tables 1 and g
was accounted for by compound plasma binding (online supple- 2, online supplemental table 4). For each cytokine evaluated, g %
mental figure 5). cell type affected JAKinib potencies with varying magnitudes of = 3
Cell type impacted the measured JAKinib potency to inhibit significance. o
cytokine signalling. For example, comparing WB CD4+ JAKinib potencies were dependent on the STAT substrate J S
cellsand monocytes, there was an approximately threefold phosphorylated in response to a given stimulus. In healthy & 3

difference for the JAK1/TYK2-dependent interferon (IFN) donors, inhibition was consistently 7-fold to 11-fold greater
o-stimulated pSTAT1 for each JAKinib (p<0.001), whereas for for JAK1/JAK2-driven interleukin (IL)-6/pSTAT1 than for

Table 1 JAKinib IC,, values in CD4+ T-cells, monocytes and NK cells from whole blood assays
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CD4+ T-cells Monocytes NK cells

BARI  FIL MET TOFA  UPA  BARI FIL MET TOFA UPA  BARI FIL MET TOFA  UPA
Stimulation/pSTAT IC,,, nM
JAK2/JAK2 or JAK2/TYK2-dependent cytokines
G-CSF/pSTAT3 NS 81 4977 50215 292 81 NS
GM-CSF/pSTAT5 NS 127 9916 102910 510 74 NS
IL-12/pSTAT4 NS NS 269 10351 221771 1216 364
JAK1/JAK2/TYK2-dependent cytokines
IFNo/pSTAT1 50 1096 17161 98 30 192 4560 91078 393 83 131 2440 41161 256 17
IFNo/pSTAT3 39 871 12644 80 24 40 991 15793 86 17 30 675 8620 60 25
IFNo/pSTATS 28 638 9587 49 17 25 613 9518 51 " 34 507 7484 50 26
IFNy/pSTAT1 NS 74 4138 62374 228 58 NS
IL-6/pSTAT1 29 783 5637 63 27 39 1011 10019 84 22 NS
IL-6/pSTAT3 274 5435 62680 644 225 161 3527 49109 368 100 NS
JAK1/JAK3-dependent cytokines
IL-2/pSTAT5 40 988 14079 40 21 NS 80 2153 23824 87 56
IL-4/pSTAT6 73 1458 39420 77 36 53 1337 36537 116 32 40 869 20984 45 25
IL-15/pSTAT5 38 967 14326 39 21 NS 83 2044 27540 93 58

G-CSF, GM-CSF, IFNa, IFNY, IL-6, IL-2, IL-4 and IL-15 reported IC, values are based on the average of duplicates from 7-10 healthy volunteer whole blood.

BARI, baricitinib; FIL, filgotinib; G-CSF, granulocyte colony stimulating factor; GM-CSF, granulocyte-macrophage colony stimulating factor; IC,, half maximum inhibitory
concentration; IFN, interferon; IL, interleukin; JAK, Janus kinase; JAKinib, Janus kinase inhibitor; MET, major metabolite of filgotinib (GS-829845); NK, natural killer cell; NS, not
sampled; pSTAT, phosphorylated signal transducer and activator of transcription; TOFA, tofacitinib; TYK2, tyrosine kinase 2; UPA, upadacitinib.
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Table 2 JAKinib IC,; values in B-cells, neutrophils and CD8+ T-cells from whole blood assays

B-cells Neutrophils CD8+ T-cells

BARI  FIL MET TOFA  UPA  BARI MET TOFA  UPA BARI FIL MET TOFA  UPA
Stimulation/pSTAT 1C,, nM
JAK2/JAK2 or JAK2/TYK2-dependent cytokines
G-CSF/pSTAT3 NS 404 16717 158111 1245 369 NS
GM-CSF/pSTATS NS 66 3436 40925 143 21 NS
IL-23/pSTAT3* NS NS 210 15040 138638 970 368
JAK1/JAK2/TYK2-dependent cytokines
IFNo/pSTAT1 156 2957 54052 322 112 NS 80 1809 27730 163 56
IFNo/pSTAT3 28 588 9777 62 20 47 833 13438 66 18 35 795 10617 73 23
IFNa/pSTATS 23 436 7524 44 16 NS 27 607 8231 46 17
IFNy/pSTAT1 22 900 12820 61 21 78 3137 42649 152 46 NS
JAK1/JAK3-dependent cytokines
IL-2/pSTATS NS NS 32 809 11046 33 21
IL-4/pSTAT6 295 6426 164309 356 162 n 1200 37069 106 37 47 1022 25900 51 26
IL-15/pSTAT5 NS NS 56 1459 19958 56 32

G-CSF, GM-CSF, IFNa, IFNY, IL-2, IL-4 and IL-15 reported IC, values are based on the average of duplicates from 6-10 healthy volunteer whole blood.

*Memory CD8+ T-cells.

BARI, baricitinib; FIL, filgotinib; G-CSF, granulocyte colony stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IC

5 half maximum inhibitory

concentration; IFN, interferon; IL, interleukin; JAK, Janus kinase; JAKinib, Janus kinase inhibitor; MET, major metabolite of filgotinib (GS-829845); NS, not sampled; pSTAT,
phosphorylated signal transducer and activator of transcription; TOFA, tofacitinib; TYK2, tyrosine kinase 2; UPA, upadacitinib.

IL-6/pSTAT3 (p<0.001), potentially implicating that JAK1 is
predominantly mediating phosphorylation of STAT1 and JAK2
is mediating STAT3 (tables 1 and 2, online supplemental table
5). Similarly, JAKinib inhibition of JAK1/TYK2-mediated IFNo-
driven pSTATS and pSTAT3 was more potent than pSTATT1,
again potentially demonstrating the reported reliance on TYK2
for regulating STAT1 phosphorylation.*

JAKinibs showed differences in inhibition of different cyto-
kines using the same JAK pair. Filgotinib showed an approxi-
mately fourfold potency shift for JAK1/JAK2-dependent IL-6/
pSTAT1 compared with IFNy/pSTAT1 in monocytes (p<0.001)
(table 1, online supplemental table 6). For other JAKinibs,
potency differences were observed, although with less magni-
tude. These data highlight that cytokine receptors using identical
JAK pairs may have differential reliance on a JAK isoform for
mediating signalling.

JAKinibs demonstrate distinct cellular selectivity

Selectivity between JAKinibs was analysed by measuring inhibi-
tion of cytokine signalling via each JAK pair in WB monocytes
or NK cells (table 1). JAKinibs most potently inhibited the JAK1/
TYK2-dependent IFNo/pSTATS. Measured half maximum
inhibitory concentration (IC;) values for other cytokine
responses were normalised to this value to control for intrinsic
JAKinib potency differences (figure 3). All JAKinibs showed
selectivity within approximately fivefold on JAK1-dependent
pathways including IL-6 (JAK1/JAK2) and IL-15 (JAK1/JAK3).
Conversely, JAKinibs showed differential selectivity against
JAK2-mediated pathways. Filgotinib, GS-829845, tofacitinib
and upadacitinib showed more than fivefold selectivity versus
JAK2-dependent granulocyte colony stimulating factor (G-CSF)-
driven or granulocyte-macrophage colony-stimulating factor
(GM-CSF)-driven signalling, with filgotinib demonstrating the
greatest selectivity against JAK2 compared with JAK1 (IFNo).
Baricitinib showed lower JAK1 selectivity (<5.1-fold for JAK1
versus non-JAK1 pathways; figure 3).

JAKinibs show differentiated JAK1-selective pharmacological
profiles at clinical plasma exposures

Representative cytokine/pSTAT pathway inhibition profiles
were modelled over a 24-hour period at clinically relevant drug

JAK1/TYK2 10 10 10 10 10
(IFNo/pSTATS)
JAK1/2 16 17 11 17 24 50
(IL-6/pSTAT1)
JAK1/3 33 34 30 18 53

(IL-15/pSTATS)

JAK1/2
(IFNy/pSTAT1)

JAK2/TYK2
(G-CSF/pSTAT3)

JAK2/JAK2
(GM-CSF/pSTATS)

BARI

FIL MET TOFA UPA

Figure 3  Distinct JAKinib cellular selectivity for JAK heterodimeric
cytokine signalling. Mean fold selectivity for each JAK—dimer pair
normalised to inhibition of JAK1/TYK2 pathway (IFNo/pSTATS in
monocytes). Cytokine/pSTAT pairs: JAK1/TYK2 (IFNo/pSTATS in
monocytes); JAK1/2 (IL-6/pSTAT1 in monocytes); JAK1/3 (IL-15/pSTAT5
in NK cells); JAK1/2 (IFNy/pSTAT1 in monocytes); JAK2/TYK2 (G-CSF/
PSTAT3 in monocytes); and JAK2/2 (GM-CSF/pSTATS in monocytes).
BARI, baricitinib; FIL, filgotinib; G-CSF, granulocyte-colony stimulating
factor; GM-CSF, granulocyte macrophage colony stimulating factor; IFN,
interferon; IL, interleukin; JAK, Janus kinase; JAKinib, JAK inhibitor; MET,
major metabolite of filgotinib (GS-829845); NK, natural killer; pSTAT,
phosphorylated signal transducer and activator of transcription; TOFA,

tofacitinib; TYK2, tyrosine kinase 2; UPA, upadacitinib.
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plasma concentrations in patients with RA at low and high
JAKinib doses evaluated in the phase 3 clinical programmes
(figure 4).337°

The predicted average inhibition and time above 50% inhibi-
tion (IC,, coverage) of the JAK1/JAK2-mediated IL-6/pSTAT1
(figure 4A) and JAK1/TYK2-mediated IFNo/pSTATS (figure 4B)
are similar among JAKinibs at doses reported to have similar
overall American College of Rheumatology efficacy responses
(filgotinib 200 mg once daily; baricitinib 4 mg once daily; tofac-
itinib Smg two times per day; and upadacitinib 15 mg once
daily) (online supplemental table 1). For IL-6/pSTAT1, all JAKi-
nibs showed similar inhibition at therapeutic doses. For IFNoy/
pSTATS, filgotinib had comparable daily inhibition as baricitinib
and tofacitinib, and slightly less than upadacitinib. Some differ-
ences were noted in the time above 50% inhibition among JAKi-
nibs. Thus, globally, the four JAKinibs demonstrate comparable
IC,, coverage and percentage of pSTAT inhibition at therapeutic
doses for these 2 JAK1-driven pathways.

On other JAK1/JAK2-dependent signalling pathways
(IFN-y-induced pSTAT1) in representative cell types, filgotinib
200mg displayed comparable or lower inhibition and time
above 50% inhibition compared with baricitinib 4 mg, tofaci-
tinib 5 mg and upadacitinib 15 mg (figure 4C,D). At these same
doses, the average daily inhibition of JAK1/JAK3-dependent
IL-4/pSTAT6 with filgotinib and baricitinib was comparable,
but significantly lower than with tofacitinib and upadacitinib
(p<0.001). Time above 50% inhibition was =3 times longer for
tofacitinib and upadacitinib compared with filgotinib 200 mg
(p<0.001) (figure 4D). Similarly, the average daily inhibition
and time above 50% inhibition of IFNy/pSTAT1 were lowest for
filgotinib and tofacitinib, compared with baricitinib and upadac-
itinib (p<0.001) (figure 4C).

For JAK1-independent pathways, filgotinib 200 mg showed
similar average daily inhibition of JAK2/TYK2-dependent
G-CSF/pSTAT3 signalling as tofacitinib, but lower than barici-
tinib or upadacitinib (figure 4E). On the JAK2/JAK2-dependent
GM-CSF/pSTATS pathway, upadacitinib and baricitinib showed
=3-fold greater inhibition than filgotinib 200 mg (p<0.001),
with only upadacitinib achieving >50% inhibition during the
dose interval (p<0.001) (figure 4F). At clinical doses of upad-
acitinib, there were greater inhibition and time above 50%
inhibition for JAK2-dependent and JAK3-dependent pathways
signalling via G-CSF, GM-CSF, IFNy and IL-4 compared with
filgotinib 200 mg (p<0.001) (figure 4C-F).

Taken together, these data demonstrate that filgotinib pref-
erentially inhibits JAK1 pathways at therapeutic doses, with
upadacitinib showing the least selectivity at clinical doses. As
reported, baricitinib displays JAK1/JAK2 selectivity*® and tofaci-
tinib mainly inhibits JAK1 and JAK3.

In vitro study predictability and translation to clinical PD
effects

The in vitro predicted inhibition of IL-6/pSTAT1 and GM-CSF/
pSTATS in healthy donor blood was confirmed in ex vivo
blood measurements from healthy volunteers orally dosed with
filgotinib 200mg. Average inhibitions of IL-6/pSTAT1 and
GM-CSF/pSTATS with filgotinib were 78% and 36%, respec-
tively (figure SA). Subtracting the placebo response, there was
a good concordance between the measured IL-6 and GM-CSF
daily inhibition (68% and 15%, respectively) to the in vitro
predicted inhibitions (64% and 6%, respectively; figure SA),
directly demonstrating the clinical relevance of the WB cellular
modelling calculations.

To determine if inhibition of cytokine responses in blood
of healthy individuals was an appropriate surrogate for RA
responses, we directly compared inhibition of cytokine path-
ways in a small number of blood samples of healthy and RA
donors. Using these measured values, the predicted daily cyto-
kine inhibition profile for IFNo/pSTATS in CD4+ cells by JAKi-
nibs was comparable in healthy and RA blood (figure 5B). Across
pathways, generally comparable average daily inhibitions were
predicted for JAKinibs in healthy and RA blood (figure 5C),
suggesting that measurements in healthy blood could be trans-
lated to predictive inhibitions in patients with RA.

Pharmacological profiles of JAKinibs across cell populations
and cytokine stimuli at clinical plasma exposures

Clinical PD inhibition curves of cytokine signalling mediated by
distinct JAK pairs were modelled (online supplemental figures
6-9). Average inhibition and time above 50% inhibition are
summarised at clinical doses (online supplemental table 7).

For JAK1/TYK2, IFNo/pSTATS signalling showed average
inhibitions >50% across all cell populations tested (figure 6A,B).
Comparable levels of average daily inhibition were generally
observed across cell populations, with upadacitinib showing
greater inhibition in monocytes and CD4+ cells versus filgotinib
(p<0.05). The magnitude of inhibition was lower for IFNo-
driven pSTAT3 and pSTAT1, but all JAKinibs showed similar
potency shifts. The weaker inhibition of IFNo/pSTAT1 (<50%)
by all JAKinibs potentially indicates more TYK2 dependence for
STAT1 phosphorylation.*

For JAK1/JAK2, IL-6/pSTAT1 signalling was inhibited by
all JAKinibs, whereas there was half the inhibition of IL-6/
pSTAT3 (figure 6A,C). Differences in average daily inhibition
by JAKinibs between cell types were observed, but overall filgo-
tinib showed comparable or greater inhibition of IL-6/pSTAT1,
while tofacitinib showed the least (p<0.001). In contrast, for
the IFNYy/pSTAT1 pathway (also mediated by JAK1/JAK2),
upadacitinib and baricitinib showed greater inhibition of this
pathway compared with filgotinib (p<0.001). There was a cell
type-dependent difference in the magnitude of inhibition, with
the greatest daily inhibition observed in B-cells and roughly half
as much in neutrophils and monocytes, indicating a potentially
greater reliance on JAK2 relative to JAK1 in mediating IFNy
inhibition in specific cells.

For JAK1/JAK3, filgotinib consistently showed the least inhi-
bition of common Y-chain cytokines (IL-2, IL-15 and IL-4)
(figure 6A,D). Greater daily inhibition of IL-2-mediated and
IL-15-mediated pSTATS followed tofacitinib > upadacitinib
> baricitinib > filgotinib. There were significant differences
between JAKinib daily inhibition that were dependent on cell
type, but tofacitinib and upadacitinib reproducibly showed
greater inhibition in CD4+ andCD8+ cells than filgotinib
(p<0.001). Tofacitinib, upadacitinib and baricitinib showed
greater inhibition of IL-4/pSTATS than filgotinib in all cell types
evaluated (p<0.05).

For JAK2/TYK2, the JAKinibs had a reduced effect on JAK2-
mediated signalling, with <40% average inhibition of G-CSF/
pSTAT3 in monocytes and neutrophils and <20% average inhi-
bition of IL-12/pSTAT4 in NK cells and IL-23/pSTAT3 in CD8+
memory T-cells, compared with the JAK1-mediated pathways
(figure 6A,E). Upadacitinib and baricitinib showed significantly
greater inhibition in monocytes compared with filgotinib. In the
remaining cell types, inhibition by JAKinibs was approximately
25%-50% of that in monocytes, and a trend for lower inhibition
by filgotinib compared with other JAKinibs was observed.
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For JAK2/JAK2, inhibition of the GM-CSF/pSTATS pathway
was significantly greater with tofacitinib, upadacitinib and
baricitinib in neutrophils (p<0.01) and for upadacitinib and
baricitinib in monocytes (p<0.001) compared with filgotinib
(figure 6F). These data are consistent with the observation that
upadacitinib and baricitinib inhibit JAK2 signalling at clinically
relevant exposures, as seen for IFNy/pSTAT1 (figure 6A,C) and
G-CSF/pSTATS3 (figure 6A,E).

DISCUSSION

JAKinibs have similar efficacy in RA with distinct safety profiles,
potentially reflecting differential JAK isoform selectivity. Enzy-
matically, JAKinibs have the greatest potency on JAK1, an isoform
predominantly involved in inflammatory and innate immune
responses.”! 2 2% Given that cytokine signalling involves JAK
pairs, consideration solely of JAK1 enzymatic inhibition is insuf-
ficient to capture the differential effects of heterogeneous cyto-
kine activation. Inhibition of JAK2 and JAK3 may contribute to
AEs, given their involvement in regulating immune cell prolif-
eration and homeostasis. In this study, we demonstrated that
cytokine signals were differentially inhibited by filgotinib, tofac-
itinib, upadacitinib and baricitinib in human PBMCs and WB
that translated to differential PD inhibition clinically, revealing
unique JAKinib pharmacological selectivity profiles. Our key
finding is that filgotinib inhibits JAK1-mediated IFNo and IL-6
similar to other JAKinibs at doses demonstrating similar efficacy,
but exhibits reduced inhibition of JAK2-dependent and JAK3-
dependent pathways, potentially explaining the pharmacological
basis for the reported differentiated safety profile.

In cellular assays, JAKinibs showed the greatest potency at
inhibiting JAK1-dependent IFNo and IL-6 pathways and are
calculated to have comparable average daily inhibition clini-
cally, highlighting a shared JAK1 PD profile. These results are
consistent with previously reported data for JAKinibs in PBMCs
and blood.” *” To our knowledge, this is the first comparison
of JAKinib cytokine signalling inhibition of blood from healthy
subjects and patients with RA, revealing an overall similar
potency and predicted inhibition clinically across a panel of cyto-
kines. Interestingly, IL-6/pSTAT3 inhibition in healthy donors
was roughly half that of IL-6/pSTAT1, but in RA donors the
predicted daily inhibition was comparable, indicating that some
JAKinib responses in RA may not be adequately characterised
using healthy donors as a surrogate. Additional studies would be
required to verify these initial observations. As IL-6 and IFNo
are well-established drivers of autoimmunity,**® and IL-6 is a
clinically validated target in RA,* the observation that all JAKi-
nibs strongly suppress IL-6 and IFN« signalling with comparable
potency implicates these pathways as primary drivers of efficacy
in RAS 27

In contrast to the comparable IFNa and IL-6 inhibition, JAKi-
nibs showed significant differences in other JAK1-dependent
pathways, reflecting the interplay between cell type, JAK pairing
and STAT substrate downstream of different cytokine stimuli.
Nuances in cytokine inhibitory profiles for JAKinibs emerged.
For example, filgotinib, baricitinib and upadacitinib showed
more than threefold weaker inhibition of JAK1/JAK3-dependent
IL-15/pSTATS pathway relative to IFNo/pSTATS, whereas
tofacitinib showed only a 1.8-fold reduction. Filgotinib showed
6.9-fold weaker activity on JAK1/JAK2-dependent IFNY/
pSTATT1 relative to IFNo/pSTATS. At clinical exposures, these
intrinsic potency differences were amplified. Consistently, there
were lower average inhibition and less time above 50% inhibi-
tion for filgotinib and baricitinib compared with tofacitinib and

upadacitinib on JAK1/JAK3-dependent pathways. On the JAK1/
JAK2-dependent TFNYy/pSTAT1 signalling, filgotinib showed
lower inhibition than other JAKinibs in all cell types evalu-
ated. This observation contrasts with the comparable inhibition
on JAK1/JAK2-dependent IL-6/pSTAT1, indicating a stronger
dependence of JAK1 in mediating IL-6/pSTATT1, as previously
reported.® ** Conversely, IFNy/pSTAT1 may be more reliant on
JAK2, suggesting that, at clinical exposures, upadacitinib and
baricitinib inhibit JAK2 more than filgotinib and tofacitinib.
The lower inhibition of IFNYpSTAT1 compared with IL-6/
pSTAT1 in CD14+ monocytes for JAKinibs is consistent with
data reported by Dowty et al;*> however, in that study filgo-
tinib showed comparable inhibition with other JAKinibs. This
may be related to the use of a single average concentration to
determine target coverage, as opposed to an integrated PD area
under the curve approach, or use of saturating levels of cytokine
stimulus.”

JAK2-dependent cytokine signalling pathways were less
inhibited than JAK1-dependent pathways for all JAKinibs, with
filgotinib showing the least inhibition, including in neutrophils.
The low level of inhibition of G-CSF/pSTAT3 in neutrophils is
consistent with that observed by others in granulocytes.” JAKi-
nibs are associated with serious infections,'® *¥2° so minimising
inhibition in neutrophils may maintain antipathogenic function.
These data are consistent with the observation that filgotinib
is the least potent compound for inhibition of IFNy/pSTAT1,
which is dependent on JAK2.

The data for JAKinib inhibition of JAK2-dependent and JAK3-
dependent cytokine responses corroborate previous findings
that JAKinibs selectively inhibit cytokines that signal via JAK1
versus JAK2, and tofacitinib and upadacitinib have greater rela-
tive inhibition of JAK3-dependent common 7y-chain cytokine
receptor pathways compared with baricitinib or filgotinib at
clinical doses.** ** ?” Furthermore, our data demonstrate that
filgotinib has greater selectivity for cytokine signalling via JAK1
versus JAK2 than baricitinib and upadacitinib. The relatively low
clinical inhibition of JAK2-dependent GM-CSF, 1L-12, 1L-23
and G-CSF is consistent with previous findings that filgotinib
did not inhibit these pathways.”® Despite these shared findings,
there were notable differences in reported results. Dowty et al*
claim ‘limited differentiation’ of JAKinib selectivity; however,
it was not statistically powered for comparison, nor did they
provide a clinical PD profile of cytokine inhibition. Their
approach used an average clinical JAKinib concentration at simi-
larly efficacious therapeutic doses.” As inhibitory activity is not
linear over a concentration range, methodology using a single
average concentration may minimise PD differences, potentially
obscuring clinical safety and efficacy implications. Currently, it is
unknown what level of target inhibition or time above 50% inhi-
bition could have clinical impact on safety, and subtle differences
may be meaningful.

Our data indicate that JAKinibs have clinically differentiated
PD profiles that mechanistically may underlie incidence rates of
presumed class-effect AEs. '™ Selectivity for JAK1 can drive RA
efficacy, whereas increasing inhibition of JAK2-dependent and
JAK3-dependent pathways may elicit safety liabilities. This is
predicted from genetic deletion and clinical data, showing that
JAK2 is essential for erythropoiesis, myelopoiesis and platelet
production, and JAK3 is critical for lymphocyte proliferation
and homeostasis.*” Compared with other JAKinibs, filgotinib
had less inhibition of JAK1-mediated IFNy (JAK1/JAK2) and
IL-2, IL-15 and IL-4 (JAK1/JAK3), JAK2-mediated G-CSF,
IL-12 and 1L-23 (JAK2/TYK2), and GM-CSF (JAK2/JAK2). The
reduced inhibition of JAK2-dependent and JAK3-dependent
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cytokine signalling by filgotinib may underlie its lower reported of the translations (including but not limited to local regulations, clinical guidelines,
impact on homeostatic immune functions that control NK cells, termlnolog_y, drug names and drug do_sages), and is nqt respon5|ble_for any error
. . . and/or omissions arising from translation and adaptation or otherwise.
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HZ (online supplemental table 1) 49-51 Open access This is an open access article distributed in accordance with the
. R : . - Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
This study has hmltatlons.. We established that JAKm,lb efff{CtS permits others to distribute, remix, adapt, build upon this work non-commercially,
are context-dependent and influenced by parameters including and license their derivative works on different terms, provided the original work is
cytokine stimulus, STAT substrate and cell type. The interdepen- properly cited, appropriate credit is given, any changes made indicated, and the use
dence of these parameters needs to be considered when extrapo- is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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