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RHEUMATOLOGY

Clinical use of Jak 1 inhibitors for rheumatoid
arthritis

Peter Nash ® '

Abstract

The uptake of Jak inhibitors in the RA space has been among the most rapid in rheumatology, based on the
results of comprehensive clinical trial programmes of five agents. Newer generations of Jak inhibitors, like upadaci-
tinib and filgotinib, target Jak 1 selectively with the aim of maximizing efficacy and to improve safety. This article
will review the clinical significance of evidence on: (i) Jak 1 selectivity; (ii) efficacy from the SELECT and FINCH
clinical trial programmes including patient intolerant or inadequately responding to MTX (MTX-IR) and other
csDMARDs patients who are bDMARD-IR) and those using monotherapy when MTX is not tolerated or contraindi-
cated and those treated when methotrexate naive; and (jii) safety from the clinical trial programmes of these two

agents will be discussed.
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Rheumatology key messages

o Jak 1 selective agents, upadacitinib and filgotinib, show strong efficacy across RA groups.
o Reduced venous thromboembolism (VTE) risk and a lesser zoster signal (filgotinib) needs confirming outside

of clinical trials.

Introduction

Despite more effective use of conventional synthetic
DMARDs (csDMARDs) and a proliferation of approved
biologic DMARDs (bDMARDs) for the management of
RA, including five TNF inhibitors, two IL-6 inhibitors, an
IL-1 inhibitor, two anti-CD20 mAbs and a CTLA4 inhibi-
tor, a clear unmet need remains in the management of
RA patients as remission is achieved in only 40-50% of
patients, less in patients with long-standing disease and
time spent in remission is rarely prolonged [1]. Primary
non-response and secondary loss of response over time
or discontinuation due to adverse effects is common-
place. Agents with a novel mechanism of action con-
tinue to be required. The cloning of Janus kinases
(JAKs) by 1991, the function of JAK identified and the
elucidation of JAK-signal transducers and activators of
transcription (STAT) biology by 1995 led to the
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successful development of JAK inhibitors with increas-
ing selectivity of kinase inhibition ranging initially from
pan-JAK (e.g. tofacitinib) to predominantly Jak 1 select-
ivity (e.g. upadacitinib and filgotinib), JAK 3 selectivity
(e.g. decernotinib), Tyk2 selectivity (e.g. BMS-986165),
combined Jak1/Tyk2 selective inhibition (e.g. bepociti-
nib) and JAK3/TEC kinase inhibitor (e.g. ritlecitinib) [2].
Upadacitinib was first studied in humans in 2012, and
by 2013, and using a compound screening kinase-
focused library to a triazolopyridine-based series of
Jak1 inhibitors, filgotinib with a 30-fold selectivity for Jak
1 was developed [3, 4]. Focusing on these Jak 1 select-
ive inhibitors, other articles in this supplement will detail
the science of Jak1 inhibition, efficacy from the phase 3
clinical trial programme and appropriate safety consider-
ations in detail but what is the practicing clinician to
make of this evidence? This article will discuss the clin-
ical utility of Jak 1 inhibitors for RA patients.
Supplementary Table S1, available at Rheumatology
online, details the distinguishing characteristics of Jak
inhibitors when compared with TNF inhibitors—the ‘gold
standard’ for many clinicians for many years. In particu-
lar, Jak inhibitors provide an oral rather than parenteral
option, with short half-life in case of adverse effects like
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infection, need for elective surgery or planning for preg-
nancy. These are agents that have no immunogenicity,
are conveniently taken once or twice a day, able to in-
hibit a number of cytokines of pathogenic importance in
rheumatic diseases including IL2, IL6, IL12 and IL23
among others such as GMCSF, erythropoietin and IFN
but not TNF, IL1, IL17 and TGF-B. These therapies do
not have TNF inhibitor associated issues such as aggra-
vation of congestive cardiac failure, psoriasis induction,
induction of SLE-type syndromes or demyelination. Jak
inhibitors have been shown to be efficacious as mono-
therapy (previously the domain of the IL6 inhibitors such
as tocilizumab and sarilumab) or in combination with
methotrexate, and are either renally excreted or undergo
hepatic metabolism (e.g. CyP3A4 pathways, rather than
the reticulo-endothelial degradation of monoclonal anti-
bodies). In contrast to bDMARDs, metabolites can have
activity, e.g. carboxylesterases metabolise filgotinib to a
major JAK1 selective metabolite (GS-829845) which has
one-tenth the potency of the parent compound. [4].
Further, Jak inhibitors have potential for the develop-
ment of generics when patents expire, which may lead
to significantly cheaper options. Indeed, if Jak inhibitors
are low-cost therapies, with or without methotrexate
and prednisone (already low-cost medications) then the
rheumatic poor would have access to effective therapy
currently unaffordable for much of the world’s popula-
tion. Indeed, in some Asian countries Jak inhibitor
mimics already exist at the cost of cents per tablet.

Market share

The uptake of JAK inhibitors in the RA space has been
among the most rapid in rheumatology. Fig. 1 demon-
strates the rapid uptake of Jakinibs in the Australian
market using Pharmaceutical Benefits Scheme data [5].
Supplementary Table S2, available at Rheumatology on-
line lists current indication for upadacitinib and filgotinib.
While comprehensive data is difficult to ascertain, in the

Fia. 1 Jakinibs Australian Pharmaceutical Benefits Scheme

USA for new commencements and the switch RA mar-
ket, the Jakinibs have in the order of 29% market share
while the TNF class have about 40%, and other mecha-
nisms of action roughly 10%. Jakinib usage is predom-
inantly as monotherapy in two of three patients.

Selectivity

Fig. 2 highlights the homo- and hetero-dimeric nature of
the JAK pathway and the overlap in cytokine signalling
[6]. Further, the seven STATs have functional overlap so
that each member of the STAT family can be activated
by multiple JAKs so that a single STAT can transmit
signals normally transduced by an alternate STAT [7].
Other clinically important variables include duration of the
dosing period reversibly inhibited by the JAK inhibitor in
addition to variables in hepatic metabolism (with accom-
panying drug interactions as detailed elsewhere) or renal
excretion.

Although it was predicted that Jak 1 selectivity would
enable inhibition of IL6 and gamma cytokine-mediated
signalling while avoiding Jak 2 inhibition, thus reducing
EPO (anaemia) GM-CSF (neutropaenia) inhibition, select-
ivity is dose- and tissue-dependent. Indeed, it has be-
come apparent that it is difficult to separate the Jak
inhibitors, either pan-Jak or selective Jaks, on the basis
of efficacy [8, 9]. Indirect comparisons, which are not
from head-to-head trials, demonstrate in Fig. 3 compar-
able ACR responses in the MTX-IR population, in Fig. 4
comparable responses in the bDMARD-IR population
and in Fig. 5 in the monotherapy population.

Efficacy of Jak | selective inhibitors

The methodology and results of the SELECT (Upadacitinib)
and FINCH (Filgotinib) clinical trial programmes have been
detailed in other papers in this supplement, but what is the
clinician to make of these trials?
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Fic. 2 Jak selectivity
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Refer to numerous examples in other chapters of this supplement that show a jak selectivity figure.

Fic. 3 MTX-IR Jakinib vs adalimumab (indirect comparison not head-to-head) 24 weeks
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In this space and rare for RA studies, active comparator
and studies powered for superiority/non-inferiority have
been performed.

Baricitinib with background MTX (RA-Beam trial) for
the first time showed superiority to the then ‘gold stand-
ard’ therapy in many countries of adalimumab and MTX,
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a result that has led to rapid uptake of this drug across
European countries in particular [10].

Tofacitinib has been studied with an active compara-
tor arm in the ORAL Standard study as well as a pow-
ered non-inferiority study ORAL Strategy, which showed
tofacitinib with MTX was non-inferior to adalimumab and
MTX and monotherapy was quite effective (with ACR
20, 50 and 70 responses of 65, 38, 18% —that expected
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Fic. 4 bDMARD-IR Jakinib (+ MTX) (indirect comparison not head-to-head) 24 weeks
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Fic. 5 Jakinib monotherapy (indirect comparison) corrected for MTX 24 weeks

90

% response

for all bDMARDs plus MTX). These studies laid the
benchmark for all subsequent Jak inhibitors to equal
[11, 12].

RA patients in the SELECT Compare study, on a
background of MTX, were randomized to placebo or
15mg upadacitinib or adalimumab 40 mg fortnightly and
the study was powered to test superiority for selected
measures. All ranked primary and secondary endpoints
were met but, in particular, upadacitinib 15 mg with
MTX was superior to adalimumab and MTX at ACR50,

ii34

and superior for change from baseline in HAQ as well as
change in pain from baseline to week 12 with differen-
ces maintained through 26 weeks. Non-inferiority was
also demonstrated for DAS28-CRP low disease activity
(LDA) vs adalimumab on background MTX. Patient
reported outcomes like quality of life, pain and fatigue
were all significant in favour of upadacitinib 15 mg vs
placebo and retardation of radiological progression while
an insensitive measure of damage compared with, e.g.
MRI was significant when compared with placebo and
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no different to adalimumab confirming Jak inhibitors are
not expensive NSAIDs. Onset of efficacy was rapid.

Significance for remission was seen for all measures
from DAS-28 through SDAI, the high bar of Boolean re-
mission as well as for Clinical Disease Activity Index
(CDAI) (which does not include CRP or ESR to refute
those who suggest the DAS28-CRP superiority results
from IL6 inhibition and its effect on CRP and ESR).
Further, the SELECT-Compare trial included a switch
study for non-responders (which was not powered for
superiority) from upadacitinib non-responders to adali-
mumab and also from adalimumab non-responders to
upadacitinib with immediate switch (without washout).
Efficacy was achieved with either switch, numerically
higher switching to upadacitinib and there was no safety
penalty.

The expected safety signals for upadacitinib were seen
including herpes zoster, Creatine Phosphokinase (CPK)
elevation, lymphopaenia and hepatic transaminitis through
to 72 weeks. Importantly, serious infection, major adverse
cardiac events(MACE), VTE and malignancy were bal-
anced across the groups [13, 14]. The SELECT NEXT trial
confirmed efficacy and safety for upadacitinib in combin-
ation with other csDMARDs such as SSZ and LEF as
alternatives to combination with MTX [15].

In the FINCH 1 trial, on a background of MTX, filgoti-
nib 100 mg, or 200 mg daily, adalimumab 40 mg fort-
nightly or placebo was studied for 52weeks. For
filgotinib 200 mg with MTX, DAS28CRP LDA showed
non-inferiority to adalimumab with MTX at 200 mg but
not at the 100 mg filgotinib dose with MTX so that sub-
sequent analyses in the ranked hierarchy were nominal
only.

Efficacy was confirmed vs placebo for ACR 20 at week
12, DAS28-CRP LDA, HAQ-D and other patient reported
outcomes as well as modified Total Sharp Score for
radiological outcomes for filgotinib 200 and 100 mg [16].

A serious issue for this study was the very high pla-
cebo responses seen in patients recruited from eastern
Europe and Central and South America—instead of the
expected 30-35% placebo response rates, in these
groups rates were 56-59% making superiority a difficult
bar to achieve. A number of factors played a role, such
as non-responders were not switched to one of the two
doses of filgotinib as in most trials but withdrawn to
‘standard of care’—a strong incentive for patients
including patients in the placebo arm to stay in the trial.
More importantly, all patients including the placebo arm
were given (and supervised for compliance) MTX ther-
apy in patients who were supposedly MTX-IR. Their
HAQ response of twice the minimal clinically significant
difference confirmed these patients were not truly MTX-
IR, perhaps receiving regular MTX for the first time mag-
nifying the placebo response.

Most importantly, both filgotinib doses showed, for
this patient group including Asians, lower than expected
rates of herpes zoster and no signal for VTE, gastric
perforation, malignancy or MACE events but a small in-
crease in high-grade lymphopaenia and neutropenia.

https://academic.oup.com/rheumatology
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When the ACR components are individually examined,
the superiority for Jak inhibitors including baricitinib and
filgotinib is driven not by swollen joint count changes
but by pain scores and patient and physician global
scores. Given Jak inhibitors are thought not to cross the
blood barrier, this opens the path for studies both oral
and topical to be tested in a number of chronic pain
conditions, for example diabetic peripheral neuropathy
and complex regional pain syndromes.

bDMARD-IR studies

Efficacy and safety post-bDMARD is an important con-
sideration for any therapy with a novel mechanism of
action. Tofacitinib in the Oral Step study and baricitinib
in the RA Beacon study have laid the platform for effi-
cacy predominantly post-TNF [17, 18].

In the SELECT-BEYOND study, patients were
randomized to upadacitinib 15 mg, 30 mg or placebo
with 28% having failed two bDMARDs and in 25%,
three or more. An important issue to address was to
show efficacy for a Jak inhibitor post-parenteral IL-6 in-
hibition, predominantly tocilizumab as seen in 18% of
entrants. Efficacy was demonstrated against placebo for
ACR 20, 50 and DAS28CRP LDA but the response rates
for ACR 20, 50 and 70 were not the 50/30/15% levels
seen with most drugs with other mechanism of actions
in TNF-IR trials (except for IL6 inhibitors which show this
level of response) but in a higher 65/34/12% range at
the 12-week primary end point for upadacitinib 15 mg
daily. Efficacy was shown regardless of number of failed
bDMARDs and efficacy was demonstrated post paren-
teral-IL-6 inhibition. Zoster rates were upadacitinib dose
dependent and four adjudicated VTE were seen in the
upadacitinib and switch placebo to upadacitinib arms vs
0 in the placebo arm to 12-24 weeks [19].

In the FINCH 2 bDMARD-IR study, 200 mg, 100 mg fil-
gotinib and placebo were studied. ACR 20/50/70 response
rates at week 12 for filgotinib 200 mg were 66/34/12%,
again a response numerically higher than expected post-
bDMARD compared with drugs with other mechanisms
of action. DAS28-CRP Remission (REM) dose response
was 31% for filgotinib 200 mg at week 24. All secondary
endpoints met significance compared with placebo.
Improvement was evident by 2weeks. ACR20 responses
were independent of the number of prior bDMARDs.
Low zoster rates were seen in 1.3-1.4% range to
24 weeks [20].

MTX monotherapy

Up to 30% of RA patients are MTX intolerant or in
whom MTX is contra-indicated, so efficacy as monother-
apy is a common and important advantage as TNF
inhibitors do not have in general monotherapy superior-
ity when compared with MTX alone [21]. SELECT mono-
therapy and SELECT Early (see below) examined
monotherapy. In SELECT monotherapy, 15 and 30 mg
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upadacitinib were compared with continuation of MTX
at the prior stable dose—an unusual trial design.
Significance vs stable MTX for primary and secondary
endpoints including DAS28-CRP LDA, CDAI <10, ACR
20/50/70 and were all met. Interestingly, 41% of patients
continuing the same therapy unchanged and entering a
clinical trial met ACR 20 criteria and 19% achieved
DAS28-CRP LDA [22].

MTX naive

Although rarely an option for most clinicians as regula-
tors and reimbursors and recommendations such as
EULAR 2019 update all calls for MTX as initial therapy
for RA patients, with the future possibility of cheaper
generics there may well come a time when cost is not
an issue and head-to-head studies initiating either a Jak
inhibitor or MTX in early MTX-naive RA patients is an im-
portant study comparing efficacy safety and tolerability.
The tofacitinibb ORAL Start study and baricitinib RA
Begin study have demonstrated that Jak inhibitor mono-
therapy resulted in clinically and statistically significant
reductions in signs and symptoms of RA, improvements
in patient reported outcomes (PROs) and statistically
significant inhibition of progression of structural damage
compared with MTX [23, 24].

In the SELECT Early study, 15 and 30 mg upadacitinib
were compared with MTX. Both doses of upadacitinib
were superior to methotrexate in all efficacy outcomes,
including multiple definitions of clinical remission and
PROs. The clinical remission response rates were similar
between the 15 and 30mg doses (~30% for CDAI and
SDAI at week 24; >24% for Boolean at week 24).

Fic. 6 Safety profile clinical trial exposure
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Responses favouring upadacitinib were rapid (as early
as the first post-baseline visit: week 2, at which metho-
trexate had not been fully titrated), and persisted
through 24 weeks across both patient- and physician-
reported measures. Additionally, both upadacitinib
doses prevented progression of structural damage over
24 weeks in ~90% of patients.

VTE rates were balanced across groups, there was a
dose response for CPK elevation and serious infection.
Grades 3 and 4 anaemia and Grades 3 and 4 neutro-
penia increased at higher doses suggesting loss of Jak1
selectivity with the higher dose [25].

The Finch 3 trial, examined over 24 weeks, filgotinib
100 and 200 mg in combination with MTX, and MTX
monotherapy and filgotinib 200 mg monotherapy in early
RA MTX naive patients. Statistically significantly, more
patients achieved ACR 50/70/DAS28 LDA and REM for
filgotinib 200 mg monotherapy vs MTX. Clinical efficacy
for filgotinib was seen by 2weeks. Imaging superiority
was seen for filgotinib 200 mg vs MTX. There were no
new safety signals and again, no signal for VTE, MACE,
malignancy, balanced serious infections and low herpes
zoster rates (0.5%) [26].

Safety

Clinicians request long-term follow-up of large numbers
of patients with co-morbidities that exclude them from
clinical trials for reassurance on rarer safety issues, but
having appropriate controls is vital. Yet in clinical trials
the placebo arms and comparator arms such as MTX
and Adalimumab are relatively small in patient numbers
and patient years of follow-up. To date, 9.5years of
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3833pts 3691 pts
6876 6081 ptyrs
i UpA M Filgo

Malig NMSC

GlPerf VTE

Cohen et al Abs 963 ACR 2020 Winthrop et al Abs 0229 ACR2020
Cohen et al Abs 0237 ACR 2020 Winthrop et al Abs 0202 ACR2020
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tofacitinib clinical trial safety has been presented and
5.5years of baricitinib trial safety [27, 28] (see Fig. 6 for
an indirect and not head-to-head comparison of major
adverse effects from the safety of long-term databases
of the four major Jakinibs).

Upadacitinib safety data has been presented to
3years of follow-up including 3833 patients with 6878
patient years of follow-up compared with 456 patient
years for MTX and 769 patient years of adalimumab fol-
low-up.

A dose response was seen for 15-30 mg upadacitinib
for serious infections, CPK elevations and herpes zoster
[the majority non-serious (96%) and involved a single
dermatome (74%)]. VTE rates (0.3-0.5/100 patient
years), MACE events and malignancies excluding non-
melanoma skin cancer (numerically higher at upadaciti-
nib 30 mg) were comparable across groups with previ-
ously demonstrated numerical increases for zoster,
hepatic transaminitis and CPK elevation [29].

The filgotinib Finch 4 long-term extension trial for
patients enrolled in filgotinib clinical trials is actively
underway. Presented at the recent EULAR 2020, safety
analysis of seven randomized clinical trials including
Finch 1-4 and Darwin 1-3 studies included 4057 RA
patients with 5493 patient years of follow-up. There was
little in the way of dose response 100-200 mg, serious
infection rates balanced across groups, lower than
expected zoster rates and signal for VTE, MACE and
malignancy including non-melanoma skin cancer [30].
An important issue that has affected Food and Drug
Administration approval for filgotinib remains the animal
studies (rats and dogs) showing decreased fertility,
impaired spermatogenesis and histopathological effects
on male reproductive organs with the histological effects
being dose dependent. The potential effects on human
patients are unknown and the results of studies such as
MANTA-RAy to answer the question of human effects
and reversibility are awaited. The main active metabolite
(GS-829845) has no similar effects. The high intra-indi-
vidual variability in sperm counts in normal males let
alone chronically ill males may make interpretations of
the results difficult [31].

Conclusion

Five Jak inhibitors have been avidly taken up by rheu-
matologists in many countries, having shown efficacy in
a number of immune-mediated inflammatory diseases.
Indeed, only TNF-inhibitors have a comparable spread
of potential indications. In RA, Jak 1 selective inhibitors,
upadacitinib and filgotinib have been comprehensively
studied across the clinical spectrum from MTX-IR,
bDMARD-IR, monotherapy to MTX-naive settings.
Superiority to ‘gold standard’ therapy (for many TNF
inhibitors combined with MTX), has been demonstrated
in certain instances as described above as well as ele-
vated remission rates, numerically higher responses
post-bDMARD  (including three or more failed
bDMARDs) and ‘may’ have safer profiles as far as VTE

https://academic.oup.com/rheumatology
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and zoster (filgotinib) is concerned. Safety follow-up in
long-term trial extension in clinical trials ranges from
3years to a decade, but it will only be when large hum-
bers of patients are included with all the usual co-mor-
bidities that exclude patients from clinical trials (and
with multiple co-medications followed for prolonged
periods of time) before safety can be confirmed and
touted. It is already apparent that a clear need exists for
a JAK-IR ftrial to give guidance in those difficult patients
who are Jak inhibitor non-responders.

Jak inhibitors are here to stay and clinicians need to
carefully consider the evidence as presented from a very
comprehensive clinical trial programme, weigh up risks
and benefits and utilise this class of therapies for the
benefit of their patients as the field searches for a ‘cure’.
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