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ABSTRACT

In the treatment of rheumatoid arthritis (RA), Janus kinase inhibitors (jakinibs) represent an emerging
class of targeted therapies in addition to biologics. The number of jakinibs has been growing and as
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of 2020, filgotinib was the latest jakinib to enter the international market for treating RA. Filgotinib

has demonstrated preferential inhibition of JAK1-dependent cytokine signaling in in vitro assays. It has
been evaluated in the DARWIN (phase 2) and FINCH (phase 3) series of clinical studies for treating
patients with moderately-to-severely active RA. Filgotinib received regulatory approval in Japan and
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Europe in September 2020, while in August 2020 the United States Food and Drug Administration
requested additional data from two ongoing clinical studies assessing the potential impact of filgotinib
on sperm parameters. This article will review the pharmacological properties, efficacy, and safety of fil-
gotinib as demonstrated in clinical studies. Expert opinion will be provided on jakinibs for RA treat-

ment from the viewpoints of basic research and clinical practice.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, immune-mediated
inflammatory disease (IMID) characterized by swollen, pain-
ful joints and the presence of autoimmunity markers. The
current model of the pathogenesis of RA suggests that auto-
immunity and inflammation are triggered at mucosal sites
initially, followed by their systemic expansion and the devel-
opment of clinical symptoms [1]. It remains unclear in what
sequence early inflammation and autoimmunity develop in
the pre-RA phase, or if specific inflammatory pathways are
causing the development of systemic autoimmunity [1].
Abnormalities of numerous cytokines involved in immune
and inflammation responses have been implicated in RA
[2]. The spectrum of signaling pathways responsible for RA
pathogenesis remains incompletely understood.

A recent development in the treatment of RA has been
the advent of Janus kinase inhibitors (jakinibs), a new class
of disease-modifying anti-rheumatic drugs (DMARDs).
Jakinibs are small-molecule, targeted therapies that inhibit
the JAK signaling-dependent enzymes and, in turn, block
the intracellular signal transduction downstream of a num-
ber of cytokine and growth factor receptor stimulation [3,4].
Jakinibs offer potentially rapid onset of efficacy, oral admin-
istration, and absence of immunogenicity. Disadvantages,
however, remain an increased risk of infection and the need
for laboratory monitoring. Compared with monoclonal

antibodies, small-molecule inhibitors may be more prone to
having off-target side effects. The long-term safety data cur-
rently available for jakinibs are also less than those for bio-
logical and conventional synthetic DMARDs (bDMARDs
and csDMARDs). In view of emerging data, the EULAR RA
management guidelines recently (late 2019) raised the level
of recommendation for jakinibs to be equal to that for
bDMARDs as second- and third-line treatment options, to
be used in combination with ¢sDMARDs in patients with
inadequate responses (IRs) to earlier phases of treatment as
guided by the treatment-to-target principle [5].

The JAK family of enzymes consists of four members,
namely, JAK1, JAK2, JAK3, and TYK2. These JAK isoforms
form homo- and hetero-dimers and one heterotrimer that
facilitate the signal transduction of various type I/II cyto-
kines and growth factors implicated in inflammatory and
hematopoietic pathways (Figure 1) [6,7]. Remarkable signal-
ing versatility and complexity arise from the array of JAK
dimers, as well as the numerous ‘cytokine-JAK dimer-signal
transducer and activator of transcription (STAT) effector’
combinations, which present both opportunities and chal-
lenges in the endeavor of treating RA through JAK inhib-
ition [6,8]. For example, JAKI inhibition may
simultaneously block the signaling of IL-6 and IFNa, both
of which are implicated in RA pathology. On the other
hand, inhibiting JAK2 may hamper JAK2/2 homodimer-
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Figure 1. Schematic diagram of the JAK/STAT pathways (adapted from [7]). The four members of the JAK family of enzymes, namely, JAK1, JAK2, JAK3, and TYK2,
form homo- and hetero-dimers and one heterotrimer that facilitate the signal transduction of various type I/Il cytokines and growth factors implicated in inflamma-
tory and hematopoietic pathways. EPO: erythropoietin; GM-CSF: granulocyte-macrophage colony-stimulating factor; IFN: interferon; IL: interleukin; JAK: Janus kinase;
STAT: signal transducer and activator of transcription; Th: T helper cell; TYK: tyrosine kinase.

dependent processes such as erythropoiesis (and, possibly,
JAK2-containing heterodimer-mediated immune responses)
(Figure 1), potentially leading to undesirable side effects. As
such, the selectivity profile of jakinibs and its potential rela-
tionship to jakinibs™ clinical efficacy and safety have been
receiving increased research attention.

Jakinibs currently on the market for RA treatment include
tofacitinib, baricitinib, upadacitinib, and peficitinib (Japan
only). The latest jakinib to enter the international market for
RA treatment is filgotinib. A body of clinical evidence has
been built up for the efficacy and safety of filgotinib in
patients with moderately-to-severely active RA. This article
will review the pharmacological properties, efficacy, and safety
of filgotinib as demonstrated in clinical studies. Expert opin-
ion will be provided on the various jakinibs for RA treatment
from the viewpoints of basic research and clinical practice.

2. Pharmacology of filgotinib
2.1. Pharmacokinetics of filgotinib

In healthy volunteers, the C,,,, and AUC, ,4 j, of filgotinib
and its active metabolite increased proportionally with oral
dose in the dosing range of 10-200mg [9]. After a single
oral dose of 50-200mg filgotinib, its mean time to peak
plasma concentration and half-life was 2-3h and 5-6h,
respectively. The active metabolite of filgotinib could be
detected in the plasma within 30 min after dosing, peaking
in concentration in 3-5h and exhibiting a half-life of
18-23h [9]. More than 80% of the elimination of filgotinib
and its active metabolite is through the urine [10]. Steady-
state. PK data from healthy volunteers aged 40-50 years
showed that over 24h, the mean amounts of filgotinib and

its active metabolite excreted in the urine were equivalent to
about 8% and 34%, respectively, of the daily dose adminis-
tered [11].

The metabolism of filgotinib is independent of hepatic
CYP450, thereby lowering the potential for drug-drug inter-
actions with a number of other agents [10]. For example, fil-
gotinib does not require dose adjustments when used
concomitantly with ketoconazole, rifampicin, or probenecid,
some of the comedications with notable potential drug-drug
interactions to be considered when using jakinibs [12].

2.2. Pharmacodynamics of filgotinib

Filgotinib was first identified as a JAKI1/JAK2 inhibitor
through biochemical assays, while cellular and whole blood
assays subsequently showed filgotinib to be approximately 30
fold more selective for JAK1 (ICso: 0.629 puM) than JAK2
(ICs: 17.5 pM) [13]. The main metabolite of filgotinib also
exhibited selective activity towards JAKI, with an ICsy of
11.9 uM [9]. STAT phosphorylation assays confirmed that fil-
gotinib inhibited STAT phosphorylation pathways dependent
on JAKI-containing JAK heterodimers more strongly than it
did those that are JAK2/2 homodimer-dependent [13].

Based on the PK data obtained from phase 1 studies in
healthy volunteers, population PK/PD models were con-
structed for filgotinib and its active metabolite to simulate the
inhibition of STAT1 phosphorylation following dosing of fil-
gotinib. For doses below 300 mg, the model structure assumed
complete conversion of filgotinib to its active metabolite [9].
The results predicted that maximal PD response would be
achieved with a daily dose of 200 mg, which was the highest
dose tested in subsequent phase 2b dose-finding studies [9].
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Figure 2. Modeled 24-h pharmacodynamic coverage of JAK1 and JAK2 inhibition by jakinibs at clinical doses [15]. BARI: baricitinib; BID: twice a day; FIL: filgotinib;
FIL-MET: active metabolite of filgotinib; JAK: Janus kinase; QD: once a day; TOFA: tofacitinib; UPA: upadacitinib.

Since filgotinib and its metabolite both contribute to the PD
effects, the combined, prolonged duration of JAK1 inhibition
makes once-daily dosing a feasible dosing frequency, as was
later confirmed in phase 2b dose-finding studies.

An integrated model using in vitro cytokine inhibition
data and plasma PK data predicted the currently available
jakinibs to have similar potency profiles for cytokine recep-
tor inhibition, although the model did show filgotinib and
its active metabolite to have lower potency than baricitinib,
tofacitinib, and upadacitinib for inhibiting IL-21 (JAK1/
JAK3 dependent, implicated in NK cell maintenance) and
G-CSF (JAK1/JAK2 dependent, implicated in granulocyte
production) signaling [14]. More recent modeling studies
went further to examine the time-adjusted activities of jaki-
nibs. Filgotinib together with its active metabolite was calcu-
lated to effect 27.3% (at 100 mg) or 45.8% (at 200 mg) mean
inhibition of JAK1 over 24h (by area under the curve
[AUC]; Figure 2(A), solid curves) [15]. Using published
human PK data and consistent modeling methods, the dif-
ferential inhibition of JAK1 versus JAK2 was predicted to be
higher with filgotinib than with baricitinib, tofacitinib, or
upadacitinib (Figure 2(A-D)), each at clinical doses and
over a period of 24h [15]. Based on modeled daily percent
STATs inhibition, filgotinib inhibited IFNa/pSTAT5 and IL-
6/pSTATI to similar extents as the other three jakinibs, con-
sistent with its efficacy in treating RA, while having the least
inhibition of IL-2, IL-15, and IL-4 signaling among the four
jakinibs, as well as less inhibition of GM-CSF/pSTATS5,
IFNY/pSTAT1, and G-CSF/pSTAT3, especially compared
with upadacitinib and baricitinib [16].

Apart from STAT phosphorylation, the potency of filgoti-
nib was assessed in vitro for some other cellular processes
[15]: filgotinib inhibited erythroid progenitor expansion less
potently (ICsp: 1140-1960nM) compared with tofacitinib
(ICs0: 110-210 nM) or with baricitinib and upadacitinib (ICs:

25-42nM). Filgotinib also inhibited IL-15-induced natural
killer (NK) cell proliferation less potently (ICsy: 315nM) than
the other three jakinibs (ICs: 4-12 nM). Filgotinib inhibited
LXR agonist-induced CETP expression (ICsp:15.3uM), an
inhibitory activity not observed with the other three jakinibs
[15]. Using these in vitro potency data and human PK data,
PK/PD modeling predicted that at clinical doses, the inhib-
ition of NK cell proliferation by filgotinib would be 13-37%
points lower than that by the other jakinibs, and filgotinib
would reduce CETP expression by 17-27% [15].

3. Clinical efficacy

The core clinical program evaluating filgotinib in patients
with moderately-to-severely active RA consists of three
phase 2b (DARWIN 1-3) and four phase 3 (FINCH 1-4)
studies. In accordance with the standard clinical use of tar-
geted therapies, the development scheme of filgotinib mainly
focused on its use as combination therapy with methotrex-
ate (MTX) or other csDMARD:s in three patient populations
defined by treatment history, although filgotinib monother-
apy was also evaluated in some studies (Table 1). This sec-
tion will review the efficacy data from six of these studies,
while data are not yet available for the ongoing long-term
extension, the FINCH 4 study.

3.1. Filgotinib in patients with inadequate responses to
methotrexate

The DARWIN 1, DARWIN 3, and FINCH 1 studies eval-
uated the use of filgotinib in combination with MTX in
patients with IRs to MTX as per the second-line therapy
recommended in the EULAR treatment algorithm. The key
efficacy data are summarized in Table 2.
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Table 1. Design of the DARWIN and FINCH series of clinical studies [17-24].

DARWIN 1 DARWIN 2 DARWIN 3 FINCH 1 FINCH 2 FINCH 3 FINCH 4
Study type Phase 2b, Phase 2b, Phase 2b, open- Phase 3 Phase 3 Phase 3 Phase 3, long-
dose finding dose finding label extension term extension
Patient population MTX-IR MTX-IR MTX-IR MTX-IR bDMARD-IR MTX-naive MTX-IR
bDMARD-IR
MTX-naive
Treatment groups (treated n)
PBO PBO + MTX (86) PBO (72) PBO + MTX (475) PBO + csDMARD
(148)
Active comparator ADA + MTX (325) MTX (416)
FIL combination FIL 50mg
therapy QD + MTX (82)
FIL 100 mg FIL 100 mg FIL 100 mg FIL 100 mg
QD + MTX (85) QD + MTX (480) QD + csDMARD QD + MTX (207)
(153)
FIL 200 mg FIL 200 mg FIL 200 mg FIL 200 mg FIL 200 mg
QD + MTX (86) QD + MTX (251) QD + MTX (475) QD + csDMARD QD + MTX (416)
(147)
FIL 25mg
bid +MTX (86)
FIL 50 mg
bid + MTX (85)
FIL 100 mg FIL 100 mg
bid + MTX (84) bid + MTX (249)
FIL monotherapy FIL 50mg QD (72)
FIL 100mg QD (70) ° FIL 100 mg QD®
FIL 200mg QD (69)  FIL 200 mg FIL 200 mg FIL 200 mg QD¢
QD (221) QD (210)

FIL 100 mg bid (3)

15 patients received filgotinib 100 mg QD (nine with MTX and six without); excluded from analyses;

Pwith or without PBO to match FIL 200 mg;

‘with or without PBO to match FIL 100 mg. ADA: adalimumab; (b/cs)DMARD: (biologic/conventional synthetic) disease-modifying anti-rheumatic drug; bid: two
times a day; FIL: filgotinib; IR: inadequate response; MTX: methotrexate; PBO: placebo; QD: once a day

In the phase 2b, dose-finding study of DARWIN 1, filgo-
tinib 100 and 200 mg achieved efficacy superiority over pla-
cebo as measured by the primary endpoint of ACR20
response rate at week 12 (Table 2). For each of the filgotinib
daily doses, once- or twice-daily dosing showed no signifi-
cant difference in efficacy [17]. Filgotinib 100 and 200 mg
once-daily have thus been used as the principal dosing in
most of the subsequent clinical studies. Among the patients
who completed DARWIN 1, 497 entered the DARWIN 3
open-label extension (OLE) study and all received the daily
dose of filgotinib 200mg in combination with MTX.
Sustained efficacy was observed through week 156, at which
point 87.2% (220/252, observed cases) of patients achieved
ACR20 response and 69.0% (138/200, observed cases) of
patients had DAS28-CRP <3.2 [18]. It should be noted that
at week 156, only 59.9% of the 739 patients (from
DARWIN 1 and 2) enrolled in DARWIN 3 remained on
study treatment, with adverse events (26.5%) and patient
requests (9.1%) being the most common reasons for discon-
tinuation [18]. Reflecting this drop-out situation, the week
156 efficacy endpoints were analyzed by observed cases,
where the total number of patients with available results
among those receiving filgotinib 200 mg plus MTX ranged
from n =133 to 252 for the binary endpoints of ACR20/50/
70 response rates and remission/low disease activity (LDA)
rates by DAS28-CRP [18].

In the 52-week phase 3 study of FINCH 1, in addition to
demonstrating superior efficacy over placebo, filgotinib 100
and 200 mg regimens were compared to the active compara-
tor of adalimumab (40 mg Q2W), a standard-of-care TNFi
in RA treatment [19]. At week 12 (primary analysis), higher
percentages of patients in the filgotinib 200 mg group

achieved ACR20/50/70 responses than in the adalimumab
group, with the numerical improvements being 6.1-12.1%
points, but statistical significance could not be demonstrated
for these differences with only exploratory p values available
(Table 2). In terms of disease activity, the filgotinib 200 mg
group had higher percentages of patients with DAS28-CRP
< 32 (49.7% vs. 43.4%, p< .001 for non-inferiority test)
and DAS28-CRP <2.6 (34.1% vs. 23.7%, nominal p< .01 for
superiority test) compared with the adalimumab group. As
for filgotinib 100 mg, the ACR20/50/70 response rates and
the percentages of patients with LDA or remission by
DAS28-CRP were mostly similar to those with adalimumab
(Table 2) [19]. Similar trends of relative efficacy were
observed among the three active treatment groups up to
week 52 [19]. Change from baseline in van der Heijde
modified total Sharp score (mTSS) at week 24 was a key
secondary endpoint, which showed both filgotinib 100 and
200 mg as significantly inhibiting radiographic progression
compared with placebo, and in exploratory analysis at week
52 filgotinib 200 mg showed less radiographic progression
compared with adalimumab (Table 2) [19]. As evident from
these results and from Table 2, filgotinib 200 mg tended to
achieve numerically better efficacy results than filgoti-
nib 100 mg.

For MTX-IR patients, filgotinib 100 and 200 mg mono-
therapies have also been shown to be more efficacious than
placebo in the phase 2 DARWIN 2 study [20]. DARWIN 2
completers went on to receive filgotinib 200 mg monother-
apy in the DARWIN 3 OLE study and showed sustained
efficacy. Within DARWIN 3, this group receiving 200 mg
filgotinib monotherapy had similar or slightly lower ACR
20/50/70 response rates and DAS28-CRP remission/LDA
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Trial DARWIN 1 and DARWIN 3° FINCH 1€
FIL 100 mg FIL 200 mg FIL 100 mg FIL 200 mg
QD+ MTX QD + MTX PBO 4 MTX +MTX +MTX PBO + MTX ADA 4 MTX
Treatment (n=285) (n=86) (n=86) (n=480) (n=475) (n=475) (n=325)
ACR20
Week 12¢ 63.5%* 68.6%** 44.2% 69.8%*** 76.69%*+* 49.9% 70.5%*+*
Week 24 61.29%%** 733% 41.9% 77.7%**** 78.196%x+# 59.2% 74.5%
Week 52 - - - 75.6% 78.3% - 73.5%
Week 156 - 87.2%° - - - - -
ACR50
Week 12 37.6%** 43.0%*** 15.1% 36.5%**** 47.%:/;):**“' 19.8% 35.1%
Week 24 47.19%%%* 50.0%*** 16.3% 52.7%**** 57.99%**+# 333% 52.3%
Week 52 - - - 58.5% 62.3% - 59.1%
Week 156 - 72.4%° - - - - -
DAS28-CRP <2.6
Week 12 22.4%* 22.1%* 7.0% 23.8%*** 34.13/;:*** 9.3% 23.7%**+*
Week 24 36.5%*** 25.6%* 9.3% 35.20p%F# 48;}:/;,:**“' 16.2% 35.7%
Week 52 - - - 42.9% 53.9%"* - 46.2%
Week 156 - 53.4%° - - - - -
mTSS (least square mean change from BL)
Week 12 - - - 0.12+* 0.08*** 0.25 0.13
Week 24 - - - 0.15%* 0.13%%* 0.40 0.19
Week 52 - - - 0.45 0.18"t# - 0.61
HAQ-DI (mean change from BL)
Week 12 -0.65* —0.75%%* -0.38 -0.56%** —0.69%** -0.42 —0.617%%*#
Week 24 —0.78*** —0.82%#* -0.37 —0.75%xH —0.82%x# -0.62 -0.78
Week 52 - - - —0.85 -0.93™ - -0.85

Analysis in the ITT population with NRI for ACR20/50, and in the ITT population with LOCF for DAS28-CRP < 2.6;
BAll the week 156 data in the table were from DARWIN 3, in which 497 patients from DARWIN 1 were enrolled and received FIL 200 mg daily plus MTX;
“Analysis in the FAS with NRI for ACR20/50 and DAS28-CRP < 2.6, analysis by MMRM for mTSS and HAQ-DI;

dPrimary endpoint;

€Analysis by observed cases (ACR20: n = 252; ACR50: n=210; DAS28-CRP < 2.6: n=155).

*p<.05 versus PBO;
**p<.01 versus PBO;
***p<.001versus PBO;
*p<.05 versus ADA;
Th<.01 versus ADA;
™p<.001 versus ADA;

*not adjusted for multiplicity.

ACR20/50: American College of Rheumatology 20%/50% improvement criteria; ADA: adalimumab; BL: baseline; DAS28-CRP: Disease Activity Score based on 28
joints and C reactive protein value; FAS: full-analysis set; FIL: filgotinib; HAQ-DI: Health Assessment Questionnaire-Disability Index; IR: inadequate response; ITT:
intention-to-treat; LOCF: last observation carried forward; MMRM: mixed-effects model for repeated measures; mTSS: modified total Sharp score; MTX: methotrex-

ate; NRI: non-responder imputation; PBO: placebo; QD: once a day.

rates at week 156 compared with the group receiving filgoti-
nib 200 mg + MTX therapy (DARWIN 1 completers) [18].

3.2. Filgotinib in patients with inadequate responses to
biologic disease-modifying anti-rheumatic drugs

FINCH 2 evaluated the use of filgotinib in combination
with ¢sDMARD:s in patients with prior bDMARD failure or
intolerance, i.e. as per the third-line therapy recommended
in the EULAR treatment algorithm. In this 24-week phase 3
study, patients with IRs or intolerance to >1 prior
bDMARD were randomized to receive placebo, filgotinib
200mg, or filgotinib 100 mg. Results of primary and key
secondary endpoints supported the superior efficacy of both
filgotinib doses vs. placebo (Table 3) [21]. Subgroup analyses
showed that the efficacy of filgotinib was not affected by the
number or mechanism of action (MOA) of prior
bDMARDs, as patients with >3 prior bDMARDs or >1
MOA of prior bDMARDs, as well as those previously
exposed to IL-6 inhibitors or TNFis, all achieved efficacy
outcomes comparable to the overall study population
[21,25,26]. Again, it was noted that the filgotinib 200 mg
group tended to have numerically better results than the

100 mg group for many, though not all, efficacy endpoints.
The study did not include radiographic endpoints to evalu-
ate structural joint damage.

3.3. Filgotinib in methotrexate-naive patients

FINCH 3 evaluated the use of filgotinib in MTX-naive
patients. Primary (24-week) data showed that filgotinib 100
or 200 mg in combination with MTX achieved significantly
higher ACR20 than MTX monotherapy (Table 4) [22]. With
filgotinib 200mg monotherapy, higher proportions of
patients achieved ACR50/70 at week 24 than with MTX
monotherapy, although the ACR20 response rate was
numerically but not statistically significantly higher [22]. For
both mono- and combination therapies, filgotinib-treated
groups showed efficacy up to week 52. In terms of structural
damage progression, all filgotinib-treated groups had smaller
increases in mTSS than the MTX monotherapy group at
weeks 24 and 52, although only nominal p values were
available (Table 4). At week 24, filgotinib-treated groups
had 77-83% of patients classified as having no radiographic
progression (change in mTSS <0), compared with 73% in
the MTX monotherapy group [22]. Among the three
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Table 3. Key efficacy results of filgotinib in bDMARD-IR patients [21, 25, 26].

Trial FINCH 2
IL-6 IL-6 IL-6
Overall® bDMARD exposed Overall® bDMARD >3 exposed Overall® bDMARD >3 exposed
Analysis group (n=153) >3 (n=34) (n=35) (n=147) (n=37) (n=34) (n=148) (n=134) (n=32)
Treatment FIL 100 mg + csDMARD FIL200 mg + c¢sDMARD PBO + c¢sDMARD
ACR20
Week 12° 57.59%%* 58.89%**+* 54.3% 66.0%*** 70.39* K 76.5%**+* 31.1% 17.6% 31.3%
Week 24° 54,99p%* 50% 60% 69.4%*** 68%*** 69% 34.5% 32% 47%
ACR50
Week 12 32.006%** - - 42.99%*** - - 14.9% - -
Week 24° 35.3%%* 320** 439p%k# 45.6%%** 349** 399%*# 18.9% 9% 8%
DAS28-CRP <2.6
Week 12 25.59%** 17.6%** 20.0% 22.49%*** 10.8% 20.6% 8.1% 0.0% 6.3%
Week 24 26.1%** 24% 309%** 30.6%*** 21% 28%** 12.2% 6% 8%
HAQ-DI (mean change from BL)
Week 12 —0.48%** -0.48%*# -0.49 —0.55%* —0.49%*# —0.83%K# -0.23 -0.12 -0.25
Week 24 —0.60%* - - —0.75%** - - -0.42 - -

®Analyses in the FAS with NRI for ACR20/50 and DAS28-CRP < 2.6, analyses with MMRM for HAQ-DI;

bPrimary endpoint;

“The n number was 38 for the bDMARD > 3 subgroup receiving FIL 200 mg, and was 40, 39, and 38 for the IL-6 exposed subgroups receiving FIL 100 mg, FIL

200 mg, and PBO, respectively.
*p<.05 versus PBO;

**p<.01 versus PBO;
***p<.001 versus PBO;

*not adjusted for multiplicity.

ACR20/50: American College of Rheumatology 20%/50% improvement criteria; (b/cs)DMARD: (biologic/conventional synthetic) disease-modifying anti-rheumatic
drug; BL: baseline; DAS28-CRP: Disease Activity Score based on 28 joints and C reactive protein value; FAS: full-analysis set; FIL: filgotinib; HAQ-DI: Health
Assessment Questionnaire-Disability Index; IL-6: interleukin-6; IR: inadequate response; MMRM: mixed-effects model for repeated measures; mTSS: modified total

Sharp score; MTX: methotrexate; NRI: non-responder imputation; PBO: placebo.

Table 4. Key efficacy data of filgotinib in MTX-naive patients [22].

Trial FINCH 3
Treatment FIL 100 mg + MTX (n = 207) FIL200 mg + MTX (n=416) FIL 200 mg (n = 210) MTX (n =416)
ACR20
Week 24° 80.2%* 81.0%*** 78.1% 71.4%
Week 52 73.4% " 75.0% " 748% " 61.8%
ACR50
Week 24 57.0% * 61.5% * 58.1% * 45.7%
Week 52 59.49% 62.3% " 61.4% * 483%
DAS28-CRP <2.6
Week 24 42.596%%* 54.19%** 42.4%""* 29.1%
Week 52 43.0%* 53.49% 46.2%""" 31.5%
mTSS (least square mean change from BL)
Week 24 0.13 ) -0.137"* 0.42
Week 52 0.277* 02177 0237 0.74
HAQ-DI (mean change from BL)
Week 24 ~0.90%* —0.94%** -0.89"" -0.79
Week 52 -0.97 -1.00""* -0.95"* -0.88

Analysis based on all randomized patients who received >1 dose of study drug with NRI for ACR20/50 and DAS28-CRP <2.6, analysis by a

linear mixed-effects model for mTSS, and analysis by MMRM for HAQ-DI.

“Primary endpoint;

*p<.05 versus MTX monotherapy;
**p<.01 versus MTX monotherapy;
*H%p<.001 versus MTX monotherapy;
#*Not adjusted for multiplicity.

ACR20/50: American College of Rheumatology 20%/50% improvement criteria; BL: baseline; DAS28-CRP: Disease Activity Score based on 28
joints and C reactive protein value; FAS: full-analysis set; FIL: filgotinib; HAQ-DI: Health Assessment Questionnaire-Disability Index; IL-6: inter-
leukin-6; IR: inadequate response; MMRM: mixed-effects model for repeated measures; mTSS: modified total Sharp score; MTX: methotrexate;

NRI: non-responder imputation; PBO: placebo.

filgotinib-treated arms, filgotinib 200 mg combination ther-
apy appeared to give the highest numerical results for most
efficacy endpoints.

4, Safety and tolerability of filgotinib

In the primary and full-duration results of the individual
clinical studies, filgotinib appeared to consistently exhibit
acceptable safety and tolerability [17-22]. An integrated

safety analysis of the seven phase 2b/3 clinical studies of fil-
gotinib in RA is underway, which to date has accrued a total
of 4544.5 patient-years (PY) of filgotinib exposure [27].
Currently available results showed that during the corre-
sponding controlled study periods (12 weeks for placebo, 52
weeks for MTX, and 52 weeks for adalimumab), the inci-
dence of TEAEs of the filgotinib 100 and 200 mg groups
was generally comparable with that of the placebo- or active
comparator-treated groups, with low incidences of SAEs and
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Table 5. Key results from the integrated safety analyses of the DARWIN and
FINCH series of clinical studies [27] (as-treated subjects).

FIL200mg FIL 100mg ADA  MTX  PBO
Number of patients 2227 1600 325 416 781
Exposure (PY) 3079.2 1465.3 290.1 3562 3024
Exposure adjusted incidence rate (per 100 PY)
SAEs 6.5 7.7 7.6 79 9.3
TEAEs leading to death 0.4 0.4 0.3 0.0 0.3
Infections 289 39.0 445 441 52.7
Serious infections 1.7 33 34 2.2 2.3
Herpes zoster 1.7 1.1 0.7 1.1 1.0
Opportunistic infections 0.1 0.3 0.7 0.6 0.0
Adjudicated VTE? 0.2 0.1 03 0.6 0.7
Adjudicated MACE? 0.3 0.6 0.3 0.6 1.0
Non-NMSC malignancy 0.5 0.5 0.7 1.1 1.0
NMSC 0.2 0.2 0.0 0.3 0.0

?Centrally adjudicated by an independent committee.

ADA: adalimumab; FIL: filgotinib; MACE: major adverse cardiovascular events;
MTX: methotrexate; NMSC: non-melanoma skin cancer; PBO: placebo; PY:
patient-year; SAE: serious adverse event; TEAE: treatment-emergent adverse
event; VTE: venous thromboembolism

AEs leading to discontinuation [27]. Additionally, the as-
treated incidence of safety events was calculated for filgoti-
nib-treated patients from all the individual studies to assess
if any differences could be detected between the two doses
and with longer exposures. As summarized in Table 5, the
safety results from 3079.2 PY of exposure to filgotinib
200 mg were comparable to those from 1465.3 PY of expos-
ure to filgotinib 100 mg, revealing no clear dose-dependent
elevation of safety risks [27]. Longer-term data from clinical
and real-world settings would be needed to further verify
the comparative safety profiles of the two doses of filgotinib.

Regarding opportunistic infections, the 52-week incidence
was 0/100 PY for filgotinib 100 and 200 mg regimens, and
the as-treated incidence was 0.3/100 and 0.1/100 PY for the
two filgotinib doses respectively, all of which were lower
than the 52-week incidence for adalimumab (0.7/100 PY) or
MTX (0.5/100 PY) [27]. The as-treated incidence of herpes
zoster infections was 1.1/100 and 1.7/100 PY for filgotinib
100 and 200 mg regimens, respectively, while the 52-week
incidence for adalimumab and MTX was 0.7/100 and 1.1/
100 PY, respectively [27]. Asian ethnicity has been previ-
ously correlated with a higher risk for herpes zoster infec-
tions among RA patients, but the pooled safety analysis of
Japanese patients enrolled in FINCH 1-3 reported that the
percentage of filgotinib-treated patients experiencing herpes
zoster infection was low at 0.6%, similar to those for adali-
mumab- and placebo-treated patients (0.6% and 0.4%,
respectively) [28]. For bDMARD-IR patients, the subgroup
analysis of Japanese patients from FINCH 2 reported one
case of herpes zoster infection in a patient treated with fil-
gotinib 200 mg among a total of 27 patients receiving filgoti-
nib over 24 weeks [29].

The as-treated incidence of centrally adjudicated major
adverse cardiovascular events (MACE) was 0.6/100 and 0.3/
100 PY for filgotinib 100 and 200 mg, respectively, similar
to the 52-week incidence for adalimumab (0.3/100 PY) and
MTX (0.5/100 PY). As for centrally adjudicated venous
thromboembolism (VTE) events, the as-treated incidence
for filgotinib 100 mg (0.1/100 PY) and 200 mg (0.2/100 PY)
was slightly lower than that for 52-week adalimumab (0.3/
100 PY) or MTX (0.5/100 PY) [27].
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Filgotinib-treated patients exhibited consistent patterns of
hematological changes, including dose-dependent increase
in hemoglobin, clinically insignificant decrease in neutrophil
counts, small decline in platelet counts that typically stabi-
lized after 4 weeks of treatment, and no on-treatment reduc-
tion in lymphocyte or NK cell counts. Filgotinib-treated
patients exhibited greater increases in HDL versus LDL,
resulting in decreased (or stable) LDL:HDL ratio [17,19-22].

Patients treated with filgotinib experienced transient ele-
vation in serum creatinine, as well as mild liver enzyme ele-
vation, without signs of drug-induced hepatocellular injury.
Overall, filgotinib exhibited an acceptable adverse effect pro-
file on the hepatic and renal function of patients with
RA [17,19-22].

The FINCH 1-3 studies reported that serum creatine
phosphokinase (CPK) elevation occurred more frequently in
filgotinib-treated patients than in placebo-treated patients;
Grade >3 CPK elevation events were few, reported by <2%
of patients in any filgotinib treatment arm [19,21,22].

As stated in the Japanese and European drug labels of fil-
gotinib dated September 2020, impaired spermatogenesis
and histopathological changes on the testes and epididymis
were observed in pre-clinical animal studies, albeit at expos-
ure levels 5.1 times (in dogs) and 7.3 times (in rats) that of
200mg once a day (QD) in humans [30,31]. It is unknown
if this could occur in humans and in August 2020 the US
FDA requested data from two ongoing studies to evaluate
this question before completing its review of the NDA [32]:
the MANTA (NCT03201445) and MANTA-Ray
(NCT03926195) studies were designed to assess whether fil-
gotinib has an impact on sperm parameters for adult males
with IMIDs. Such preclinical findings or regulatory requests
have not been observed for other jakinibs and, therefore, it
is unlikely that this observation is a class-related effect.
Additionally, in the absence of in vivo data, it is difficult to
draw conclusions on the potential for filgotinib to impact
spermatogenesis or fertility in these patients. However, until
such evidence becomes available the potential risk should be
discussed with male patients [30].

5. Expert opinion on jakinibs (from US, EU, and
Japan): a basic research perspective

The pathogenesis of RA is not yet fully understood, and the
existing picture is one of complex signaling crosstalk with
network effects and plethora of cytokines implicated [33].
As such, treatment efficacy may arise from broad-spectrum
cytokine inhibition that simultaneously suppresses multiple
players in the pathogenic signaling network. Oral agents like
jakinibs that target signaling molecules in nodal positions
integrating diverse upstream cytokines and downstream
effectors thus represent a promising therapeutic tool.
Theoretically, the ‘ideal’ JAK inhibition should aim to
block only pathogenic signaling for RA without impacting
the other JAK-dependent, physiological signaling processes,
if such an outcome is possible. Thus far we have not identi-
fied an RA-specific JAK dependency and as such the more
selective approaches are focused mainly on perceived
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longer-term safety benefits and the chance thereby to
increase the degree of inhibition achievable. In the conse-
quential search for more selective jakinibs, in vitro assess-
ments demonstrated that the ability to modulate distinct
cytokine pathways appears to differ among the currently
available jakinibs. However, in their respective pre-clinical
studies, the in vitro assays used to obtain selectivity data
were not necessarily consistent across different jakinibs
[13,34,35]. Side-by-side comparisons of jakinibs in cell-
based/whole blood assays have shown that for a given jaki-
nib, its pre-clinical fold-selectivity data for individual JAK
isoforms could not be used to easily deduce its ability to
inhibit specific cytokine signaling pathways [16,36]. For
example, an earlier study comparing tofacitinib, baricitinib,
and upadacitinib reported that all three inhibited JAK2/2-
dependent cytokine signaling pathways, with upadacitinib
and baricitinib showing higher potency than tofacitinib [36],
while a more recent study reported baricitinib as showing
lower JAKI selectivity (<5.1 fold versus non-JAK1 path-
ways), whereas tofacitinib, upadacitinib, and filgotinib
showed >5-fold selectivity for JAKIl-dependent pathways
over JAK2-dependent pathways [16].

The results of in vitro assays are highly dependent on
factors such as the doses of JAK inhibitors, the cytokine
stimulations used, the STATSs chosen for phosphorylation
assessment, the cell types used in cell-based assays, and
others. Jakinibs also cannot be expected to potently and/or
continuously inhibit an individual cytokine pathway for cer-
tain periods (e.g. 24h) according to the PD indices obtained
in in vitro assays [36], which do not recapitulate the com-
plexity of in vivo immune modulation by jakinibs. In add-
ition to the intricacy captured in Figure 1, JAK-dependent
cytokine signaling in vivo is further influenced by the indi-
vidual genetics (e.g. single nucleotide polymorphisms of
STAT isoforms), the tissue penetration and/or distribution
of drugs, the intrinsic JAK expression patterns in targeted
cell types and redundant intercellular communications at
the site of inflammation, the cytokine and inflammation
environment (e.g. that during activation phase versus fibro-
sis phase), as well as the dynamic balance between Th17
and Treg cells.

With the multiple layers of complexity discussed above,
it proves challenging to make direct, mechanistic associa-
tions between the selectivity of jakinibs and their clinical
efficacy and safety profiles. In the case of filgotinib, some
hypothesized that its ability to maintain preferential JAK1
inhibition over JAK2 at high doses may underly its dose-
dependent incremental efficacy in the absence of dose-
limiting side effects; nevertheless, further study would be
needed to provide definitive mechanistic support for this
notion. Data from DARWIN 1-2 showed that filgotinib
regulated biomarkers for RA-related immune response,
matrix degradation, angiogenesis, and leukocyte adhesion
and recruitment, in correlation with reduction in disease
activity [37]. More such studies of cytokine and immune
cell profiling may help shed light on the association between
jakinib selectivity, specific cytokine signaling pathways in

RA pathogenesis, and clinical outcomes of RA treatment
with jakinibs.

6. Expert opinion on jakinibs (from US, EU, and
Japan): a clinical perspective

As more treatment options become available, the question
of how different jakinibs might compare with one another
becomes increasingly pertinent for guiding clinical decisions.
In an attempt to address this, some recent publications
tabulated, side-by-side, the efficacy and safety data of differ-
ent jakinibs from their respective phase 2/3 trials that were
not done head-to-head [2,8,38]. Of course, such compari-
sons are tenuous at best. Some have tried to use network
meta-analyses to try to allow indirect comparison, but such
assessments have their own limitations [39-43]. Only prop-
erly powered head-to-head clinical trials can determine
whether there are clinically meaningful differences in
efficacy and safety among multiple jakinibs. This is also
applicable when considering the effects of jakinibs on
patient-reported outcomes (PROs) in patients with RA, as
presently PRO data are only available from phase 2/3 studies
of individual jakinibs while between-regimen comparison is
lacking. However, the sample size and follow-up duration
required to power the detection of small differences may
make head-to-head clinical trials practically challenging to
conduct. Clinicians may thus value real-world evidence
more for validating the long-term safety and tolerability of
the newer jakinibs. As seen with DARWIN 3, long-term fol-
low-up is prone to higher drop-out rates even in clinical tri-
als, while in real-world settings many patients may taper or
discontinue targeted therapies quite soon due to financial
and reimbursement constraints. These factors would need to
be considered when designing future clinical and real-world
studies for filgotinib and other jakinibs.

With bDMARD:s, a considerable proportion of patients
discontinue treatment due to intolerance or loss of response.
Jakinibs offer some advantages over other agents, but RA
patients treated with jakinibs may still be prone to certain
complications or adverse events. JAK inhibition may
decrease hemoglobin and increase the risk of anemia. The
risk of infections, particularly that of herpes zoster infection,
can be elevated due to the impact of JAK inhibition on the
immune system. Potentially serious events such as malig-
nancy and thromboembolic events have also been reported
with jakinibs. Side-by-side tabulation of across-trial data,
which it is important to note were not head-to-head com-
parisons have suggested that filgotinib might have lower
incidence rates of herpes zoster infection and venous throm-
botic events than other jakinibs approved to date [8,38].
Nevertheless, as mentioned above, whether filgotinib has a
more favorable safety profile remains to be demonstrated
definitively and at this stage should be considered with cau-
tion in clinical practice.

Besides effectiveness and safety, drug cost is also an
important factor influencing the choice of therapies in clin-
ical practice. The predominant pattern of using targeted
therapies is still as second- or third-line treatment in
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combination with c¢sDMARDs, as dictated by treatment
guidelines and reimbursement requirements. However,
many RA patients may require access to different combin-
ational or sequential regimens and long-term treatment to
successfully control the disease [5]. Whether the use of jaki-
nibs can be expanded beyond the established pattern and
form part of more versatile treatment regimens suitable for
personalized medicine would await further research.

In clinical studies, filgotinib 200 mg tended to give better
efficacy results than filgotinib 100 mg, while the two doses
generally showed comparable safety and tolerability profiles.
Logically consistent with these observations, the Japanese
and European approval of filgotinib recommended 200 mg
QD as the standard dose. In Europe, filgotinib 100 mg QD
is reserved for patients with creatinine clearance of 15 to
<60mL/min, and for patients aged >75 years as a starting
dose. Similarly in Japan, filgotinib 100mg QD is recom-
mended for patients with eGFR of 15-60 mL/min/1.73 m?,
or when otherwise deemed suitable depending on individual
patient’s condition. Conceivably, filgotinib 100 mg may also
be a convenient tool for the procedure of drug tapering
when deemed appropriate for patients in persist-
ent remission.

It is also worth noting that some jakinibs have demon-
strated efficacy towards other IMIDs than RA. Upadacitinib
showed clinical efficacy in phase 2/3 trials for atopic derma-
titis [44], ulcerative colitis [44], Crohn’s disease [45], psori-
atic arthritis [46], and ankylosing spondylitis [47]. Likewise,
positive phase 2/3 results have been reported for filgotinib
in treating Crohn’s disease [44], ulcerative colitis [48], psori-
atic arthritis [49], and ankylosing spondylitis [50].
Tofacitinib has received regulatory approval for treating
psoriatic arthritis and ulcerative colitis [51], and has positive
data in ankylosing spondylitis and also a number of derma-
tologic conditions. These features not only make jakinibs
more useful clinically for treating broader patient popula-
tions and patients suffering from multiple, comorbid IMIDs,
but also point to potentially interesting research questions
about the roles of JAK signaling in the pathogenesis of a
wide variety of IMIDs.

7. Conclusion

In in vitro assays, filgotinib and its active metabolite prefer-
entially inhibited JAK1-dependent cytokine signaling path-
ways rather than JAK2/2 homodimer-dependent pathways.
The efficacy of filgotinib in combination with ¢sDMARDs
has been demonstrated in patients with moderately-to-
severely active RA with IRs to MTX (DARWIN 1 and 3;
FINCH 1) or prior bDMARD treatments (FINCH 2), sup-
porting its use as later-line treatments in accordance with
international RA management guidelines. The use of
filgotinib as monotherapy and as first-line treatment in
MTX-naive patients have also been evaluated with positive
outcomes (FINCH 3). In clinical studies, filgotinib consist-
ently showed acceptable safety and tolerability profiles,
including those concerning known adverse events associated
with jakinibs such as opportunistic infections, MACE and
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VTE, and hematological changes; meanwhile, evidence is
being sought to clarify the potential effect of filgotinib on
spermatogenesis and male fertility in humans. Thus far in
clinical studies, filgotinib 200 mg QD tended to show higher
efficacy than filgotinib 100 mg QD, with apparently similar
profiles of safety and tolerability. As more jakinibs become
available for treating RA, more evidence would be needed
to elucidate if there are clinically significant differences
among them in terms of efficacy and safety. Research into
the possible mechanistic association between the JAK iso-
form/pathway selectivity of jakinibs and their clinical effi-
cacy and safety profiles has also gathered interest, though
much remains nebulous due to our partial understanding of
RA pathogenesis at present.
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