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RHEUMATOLOGY

Clinical efficacy of launched JAK inhibitors in
rheumatoid arthritis

Peter C. Taylor’

Abstract

Tofacitinib and baricitinib are the first orally available, small-molecule inhibitors of Janus kinase (JAK)
enzymes to be approved for the treatment of RA. Tofacitinib is a selective JAK1, 3 inhibitor with less
activity against JAK2 and TYK2 and baricitinib is a selective, oral JAK1, 2 inhibitor with moderate activity
against TYK2 and significantly less activity against JAK3. Both drugs have undergone extensive phase llI
clinical trials in RA and demonstrated rapid improvements in disease activity, function and patient-
reported outcomes as well as disease modification. Tofacitinib 5mg bd, was approved by the Federal
Drug Administration in 2012 for the treatment of RA in patients who are intolerant or unresponsive to MTX.
An extended release formulation for the treatment of RA was approved by Federal Drug Administration in
2016. In 2017 the European Medicines Agency approved tofacitinib 5mg bd in combination with MTX and
baricitinib 4mg and 2 mg once daily for the treatment of moderate to severe active RA in adult patients
who are intolerant or unresponsive to one or more conventional synthetic DMARDs.
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Rheumatology key messages

e Tofacitinib is an oral Janus kinase inhibitor with selectivity for Janus kinase 1 and 3.
o Baricitinib is an oral Janus kinase inhibitor with selectivity for Janus kinase 1 and 2.
e In RA clinical trials, tofacitinib and baricitinib demonstrated rapid improvements in multiple outcome measures.

Introduction

On a worldwide basis, rheumatoid arthritis (RA) is the
commonest cause of inflammatory polyarthritis. It is now
known to be a polygenic disorder in which gene-environ-
ment interactions play a role, and yet the aetiology of RA
remains poorly understood. However, there have been
significant advances in understanding RA’s pathology
over the past generation and the role of several key pro-
inflammatory cytokines, such as TNF and IL-6, and
cell-associated targets, such as CD20 and co-stimulation
molecules CD80/86, have been thoroughly validated by
the advent of targeted biologic therapies [1].
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Contemporary RA treatment recommendations [2, 3]
emphasize the importance of early therapeutic interven-
tion and treat-to-target strategies in which treatment ad-
justment is determined by measurement of therapeutic
response with the target of remission or low disease ac-
tivity [4]. Prior to the approval of the first targeted synthetic
DMARDs (tsDMARDs), which will be the subject of this
paper, clinical practice was to initiate treatment with con-
ventional synthetic DMARDs (csDMARDs) such as MTX
and a short period of glucocorticoids, followed in poor
prognosis, refractory patients by parenterally adminis-
tered biologic DMARDs (bDMARDs). The introduction of
bDMARDs almost two decades ago revolutionized the
long-term outcomes for many patients in terms of im-
proved quality of life, reduced disability and mortality.
But in spite of these advances, many unmet needs
remain. For example, remission is only achieved and sus-
tained in a minority of bDMARD-treated patients. And
even then, troublesome symptoms may persist including
pain, fatigue and morning joint stiffness [5]. Furthermore,
loss of response to bDMARDs, in part as a consequence
of the immunogenicity of administered protein, as well as
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drug discontinuations due to intolerance or adverse ef-
fects, emphasizes the ongoing need for a new generation
of alternative therapies. Therefore, further advances
remain necessary with a goal of restoring immune homeo-
stasis, more complete symptom resolution and avoidance
of the risks of immune suppression [1].

The first generation of protein-based, biologic therapies
were large molecular mass molecules incapable of pene-
trating the lipid bilayer of the cellular membrane and were
therefore directed against extracellular therapeutic tar-
gets. By contrast, low molecular mass, orally available,
small molecules that target and inhibit components of
the intracellular inflammatory signalling cascade have
more recently been developed as an important alternative
to biologic therapies for RA, and several have been thor-
oughly tested in clinical trials. Most successful among
these to date have been inhibitors of the Janus kinase
(JAK) enzymes. The JAK family comprises four members:
JAK1, JAK2, JAK3 and TYK2.

A number of studies have demonstrated expression of
different JAK isoforms and the downstream signal
transducer and activator of transcription (STAT) proteins
in synovial tissue and synovial cells [6-8]. Many proinflam-
matory cytokines implicated in RA pathogenesis bind to a
specific group of so-called Type | and Type Il cytokine
receptors, which are structurally distinct from other recep-
tors such as those that bind TNF and IL-1. Cytokines bind-
ing the Type | and Il receptors are dependent on the
JAK-STAT pathway for signal transduction. Therefore,
several JAK inhibitors (jakinibs) with variable degrees of
selectivity and specificity for the JAK enzymes have been
investigated in RA.

To date, two JAK inhibitors or jakinibs, tofacitinib and
baricitinib, have been approved for treatment of RA in
certain regions. Tofacitinib, a first-generation, selective
oral JAK1, 3 inhibitor with less activity against JAK2 and
TYK2 [9], has undergone extensive clinical trials of twice
daily dosing in RA [10-15]. It is approved for clinical use in
over 80 countries. Baricitinib is a novel, potent and select-
ive, first-generation, oral JAK1, 2 inhibitor with moderate
activity against TYK2 and significantly less activity against
JAKS [16] that was generated by modifying the structure
of tofacitinib. This was achieved by replacing the portion
of the molecule that showed JAK1/JAK3 selectivity with a
different chemical moiety, resulting in a new structure that
exhibited specificity for JAK1 and JAK2 over JAK3 in
kinase assays with ICsqg values in the nanomolar range
[9]. Baricitinib was recently approved in Europe for the
treatment of RA following the completion of a large
phase llI clinical trial programme in which it was adminis-
tered in a once daily dosing regimen [17-20]. A number of
other investigational oral jakinibs with varying selectivity
for the four JAK enzymes have been evaluated in phase I
trials in patients with RA and these studies will be dis-
cussed in the article by Dr Westhovens [21].

It has been argued that a more selective JAK1 inhibitor
might reduce dose-limiting toxicity, even though inhibition
of JAK2 and JAK3 might contribute to efficacy [22].
For example, the y chain cytokines signal through JAK1,

i18

3 heterodimers and erythropoietin and thrombopoietin
signal through JAK2 homodimers, as does granulo-
cyte-macrophage colony-stimulating factor. However, to
establish actual safety and benefit in vivo, careful scrutiny
of clinical trial and real-world data for efficacy and risk will
be necessary for each jakinib tested. In this paper, | will
review the phase Ill clinical data for tofacitinib and
baricitinib.

Evaluation of tofacitinib efficacy in
clinical trials

Tofacitinib (Xeljanz) was the first jakinib developed for the
treatment of autoimmune disease. Multiple randomized
controlled trials (RCTs) have been completed in adult RA
patients, including seven phase lll trials (Table 1), demon-
strating that tofacitinib is significantly efficacious for both
early and established disease [23], as monotherapy, in
combination with ¢csDMARDs, including MTX, and in
both treatment-naive and treatment-refractory patients.
Across the entire clinical trial programme, over 6000 pa-
tients received tofacitinib for up to 8.5years for a total of
over 19400 years of patient exposure to drug. Tofacitinib,
in a dose regime of 5 mg bd, was approved by the Federal
Drug Administration (FDA) in 2012 for the treatment of RA
in patients who are intolerant or unresponsive to MTX [24].
Subsequently, its effectiveness has been confirmed in
over 4000 patients participating in clinical studies as well
as in real-world experience. After review of the long term
safety and efficacy data accrued, in January 2017 the
European Medicines Agency recommended approval of
tofacitinib for RA at the 5mg bd dose. An extended re-
lease formulation of tofacitinib employing osmotic drug
delivery was approved by the FDA for the treatment of
RA in 2016 [25].

Across the phase Il tofacitinib trial programme in RA
(Table 1), patients achieved statistically significant and
clinically meaningful improvements in disease activity as
evaluated by the categorical criteria of the American
College of Rheumatology (ACR20, 50 and 70) response
criteria (Fig. 1) and other measures as well as improve-
ments in functional status assessed by the Health
Assessment Disability Index (HAQ-DI) and 36-ltem Short
Form Survey (SF-36). Furthermore, tofacitinib has been
shown to be disease modifying and prevents progression
of structural damage to joints as assessed both by con-
ventional radiography and MRI. Importantly from a patient
perspective, tofacitinib treatment also results in a rapid
improvement in a range of patient-reported outcomes
(PROs). Phase lll clinical trials have established that tofa-
citinib in RA is superior to MTX, effective in MTX- and
csDMARD-refractory, active RA, non-inferior in combin-
ation with MTX to the anti-TNF agent adalimumab plus
MTX, and also efficacious in people with active RA who
have failed to respond to multiple bDMARDs of different
mechanisms of action. In the following paragraphs, the
individual phase lll trials and their key findings will be
briefly described.
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TaeLe 1 Tofacitinib: phase Ill clinical trials for moderate to severe RA

Clinical efficacy of launched JAK inhibitors

= T o
(5) 25
= kel g’w kel
— T Qopo-=LCLTQ
[oX o) Q [SiE=Nte}
=3 ol ccHo
258 o 2§00
(A EE8>EEE
_‘Z o=0 o
<I—5 X WrQL TOWw~—
o« S cas
o © —y0
~
=
> s
= <
o +E
= oo =
[ 8o,
=
b7 oo
a o EES
é c ww<<
6 —~——
) ¥z Zq¥@
™)
=
B ®o .
© o &
T el c 0 o
R BE85£RS
8 mgcc o))
[77) DEGCT2DE
O ESS3EESO
g é Or+~0 ©OWwr—<<
o ¥s cs@ S
—_
b -
= © o .
< g 2,°%v
3 TOoScTa
(7, Qp92El
4 23 TS ODE
< ES o EE
of8g o
o x Wrd oW~
° 35 css
o
~ -
=&
T
oQ® 25
258 8, 2233
< o TQoEcTO
Ns 1 aO 2508807
9]
z0s T 2ELSQDE
c 3 EosgEES
o° g LD TGO~
Y8 Zu@
—_
=
.‘L$ T o
— L5
o+ kol g’m kel
LS TOpo=L£TQa
<© Q Rl IE—3¥e]
wE" o@cc- o
a2 ¢ oE8gocog
0= Eo®S3 EE
& @ o o885 o
£3d 2 LbrAi oo~
02 TE8
—_
&
No
> = o)
588 3¢
= SO0 o2
D EE§
diE £ o
<s =~ 2 H2P=
29 o~
e} 32 cus
-
C
@
£
[}
<3
= o
c 5
Q5
£ c
~ D
58
220
839 ¢
S © o
Om<

https://academic.oup.com/rheumatology

Monotherapy Background X-ray Active control Active control TNFi failure

X-ray with

Feature

(adalimumab

(adalimumab)

DMARDs

monotherapy

non-inferiority)
ACR50
ACR20

SDAI

ACR20
AHAQ-DI

(1) ACR20

ACR20
AMTSS

ACR20
HAQ-DI

ACR20
HAQ-DI

AMTSS
ACR70

Coprimary
end points

) AHAQ-DI

DAS28(ESR)

(3) DAS28(ESR)

AHAQ-DI

DAS28-4(ESR) <2.6

DAS28(ESR) <2.6

(4) DAS28(ESR) <2.6

DAS28(ESR) <2.6

The table summarizes the broad range of RA patient types studied in tofacitinib phase Ill confirmatory studies. ADA: adalimumab; csDMARD: conventional synthetic DMARD; HAQ-DI:

Health Assessment Disability Index; IR: inadequate response; mTSS: modified Total Sharp Score; SDAI, Simplified Disease Activity Index; TNFi: TNF inhibitor.

ORAL Solo was a 6-month RCT of 611 patients de-
signed to evaluate the efficacy and safety of tofacitinib
monotherapy in adults with active RA who had had an
inadequate response (IR) to at least one csDMARD or
bDMARD (DMARD-IR) and had discontinued all
DMARDs except stable doses of antimalarial agents.
Patients were randomized to tofacitinib 5mg bd, 10 mg
bd or placebo bd. At 3 months, patients randomized to
placebo were blindly advanced to a predetermined dose
of tofacitinib. Tofacitinib treatment was associated with
statistically significant improvement in the co-primary
end points of ACR20 (26.7% in placebo vs 59.8% for
tofacitinib 5 mg bd; P <0.001) and HAQ-DI (—0.19 in pla-
cebo vs —0.5 for tofacitinib 5mg bd; P < 0.001) scores at
month 3. There were also statistically significant improve-
ments in ACR50 and ACR70 response criteria. The per-
centage of patients with a DAS28 of <2.6 was not
significantly higher with tofacitinib (5.6 for the 5mg bd
dose) than with placebo (4.4) [11]. PROs provide quanti-
tative data regarding the impact of RA to the individual
that is of comparable and complementary value to the
assessment of joint counts and laboratory tests. In the
ORAL Solo study, tofacitinib demonstrated statistically
significant and clinically meaningful improvements
across multiple PROs. These included the SF-36 and
Functional Assessment of Chronic lliness Therapy-
Fatigue (FACIT-F) at 3 months. Furthermore, there were
statistically significant improvements in patient global as-
sessment (PtGA), Pain and HAQ-DI that differentiated
from placebo at week 2. The rapidity of benefit was strik-
ing with differentiation from baseline being recorded as
early as 3days after treatment initiation for PtGA and
Pain [28].

ORAL Standard was a 12-month trial comparing tofaci-
tinib both with placebo and with the anti-TNF biologic
agent adalimumab in MTX-IR patients with active RA. In
this double blind, double dummy study, patients taking
background MTX were randomized to tofacitinib 5mg
bd, 10mg bd, adalimumab 40mg every other week, or
placebo (to both tofacitinib and to adalimumab). At
month 6, all placebo patients were blindly advanced to
one of the two tofacitinib dose regimes. The three primary
outcome measures were an improvement in ACR20 re-
sponses at month 6; the change from baseline to month
3 in HAQ-DI; and the percentage of patients meeting
DAS28-4(ESR) remission criteria (<2.6) at month 6. At
month 6, ACR20 response rates were significantly higher
in the tofacitinib 5mg or 10mg arms (51.5% and 52.6%,
respectively) and adalimumab arm (47.2%) than in the pla-
cebo arm (28.3%). There were also greater reductions in
the HAQ-DI score at month 3 and higher percentages of
patients with a DAS28-4(ESR) below 2.6 at month 6 in
both the active-treatment groups than in the placebo
group. The authors concluded that tofacitinib demon-
strated superior efficacy to placebo with an efficacy that
was numerically similar to adalimumab, although a formal
non-inferiority comparison was not performed [15]. In the
ORAL Standard study, a conservative non-responder im-
putation methodology was used for all data acquisition
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and analyses. The authors also examined the effect of an
advancement penalty while using the non-responder im-
putation method. Under the advancement penalty, if a
study subject fails to meet an end point at the pre-speci-
fied time of 3 months, he or she is declared a treatment
failure for the duration of the study, even if achieving the
end point at a later time. When analysis is undertaken
using an advancement penalty method, the findings may
tend to favour a drug with a faster kinetic of action.
Importantly, the ORAL Standard trial was not designed
to provide head-to-head comparative efficacy and
should not be interpreted as evidence of tofacitinib super-
jority or non-inferiority to adalimumab. There were clinic-
ally meaningful improvements across a broad range of
PROs with tofacitinib 5 and 10mg bd and adalimumab
that were significantly superior to placebo at 3 months
and sustained to month 12. The greatest improvements
were observed with tofacitinib 10mg bd. The numbers
needed to treat to achieve these PRO improvements
were lowest for tofacitinib 10 mg bd and similar between
tofacitinib 5mg bd and adalimumab [29].

ORAL Sync was a 12-month RCT designed to evaluate
the efficacy and safety of tofacitinib in combination with
non-biologic DMARDs. To do this, 792 adults with active
RA who had had an inadequate response to at least one
csDMARD or bDMARD were randomized to tofacitinib
5mg bd, 10mg bd, or placebo bd in combination with
various background non-biologic DMARDs. Of these,
79% of all patients were on background MTX. At month
6, all placebo patients were blindly advanced to one of the
two tofacitinib dose regimes. Primary efficacy outcome
measures were an improvement in ACR20 responses at
month 6; the change from baseline to month 3 in HAQ-DI;
and the percentage of patients meeting DAS28-4(ESR)
remission criteria (<2.6) at month 6. Tofacitinib treatment
was associated with statistically significant improvement
in ACR20 response rates with a mean treatment differ-
ence for the 5mg bd group compared with the combined
placebo groups of 21.2% (95% CI, 12.2, 30.3%;
P <0.001). Tofacitinib demonstrated a rapid onset of
benefit with significant ACR20 and ACR50 response
rates observed by week 2 and ACR70 by week 4. The
HAQ-DI scores at month 3 and DAS28-4(ESR) <2.6 re-
sponse rates at month 6 were also superior in the tofaci-
tinib groups vs placebo [12]. For all PROs assessed, by 3
months, a significantly greater proportion of patients in the
higher dose tofacitinib 10 mg bd vs placebo dose reported
improvements greater than the minimum clinically import-
ant differences. This was also true for the tofacitinib 5 mg
bd dose with the exception of the SF—36 role —emotional
domain [30].

ORAL Scan was a 24-month trial designed to determine
whether tofacitinib at 5 and 10mg bd has an effect on
structural progression in adult patients with active RA
with an inadequate response to MTX. The study
randomized 797 patients to tofacitinib 5mg bd, 10mg
bd, or placebo bd, and all received background MTX. At
6 months, all patients on placebo were blindly advanced
to one of the two tofacitinib regimes. At 3 months,
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non-responder placebo-treated patients were advanced
in a blinded manner to receive tofacitinib. Both tofacitinib
doses demonstrated clinical efficacy consistent with the
findings of other studies. However, at 6 months, the
observed structural damage progression of only 0.47
modified Total Sharp Score (mTSS) units in the placebo-
treated arm was significantly less than the progression of
radiographic joint damage expected in DMARD-inad-
equate responder populations based on historical data.
In contrast, both tofacitinib arms showed negligible in-
creases in mTSS (0.12 for 5mg bd and 0.06 units for
10mg bd) from baseline. However, it was not possible
to demonstrate a statistical difference in structural
damage inhibition by changes from baseline for tofacitinib
5mg bd although there was statistically significant inhib-
ition of radiographic progression (P < 0.05) with tofacitinib
10mg bd [14].

ORAL Step was designed to test the efficacy of tofaci-
tinib in patients with an inadequate response to at least
one prior TNF inhibitor (TNFi). In this 6-month study, 399
subjects with active RA were randomized to receive tofa-
citinib 5 or 10mg bd, or placebo, all in combination with
MTX. At 3months the patients randomized to placebo
were blindly advanced to a predetermined dose of tofaci-
tinib. Of the randomized patients, 64% had previously
been treated with a single TNFi and 26% of patients had
previously been treated with two TNFi. Of note this refrac-
tory RA population had a substantial burden of concomi-
tant illness at screening. The primary end points, all at
month 3, included ACR20 response rate, mean change
from baseline in HAQ-DI and remission rates by
(DAS)28-4(ESR) <2.6 [10]. ACR20 response rates were
41.7% (P=0.0024) for tofacitinib 5mg bd and 48.1%
(P < 0.0001) for tofacitinib 10 mg bd vs 24.4% for placebo.
Improvements from baseline in HAQ-DI were —0.43
(P<0.0001) for tofacitinib 5mg bd and —0.46
(P<0.0001) for 10mg bd vs —0.18 for placebo.
Remission criteria by DAS28 <2.6 were met for 6.7%
(P=0.0496) of patients on tofacitinib 5mg bd and 8.8%
(P=0.0105) for 10mg bd vs 1.7% for placebo. Tofacitinib
treatment was also associated with statistically significant
improvements in ACR50 and ACR70 response criteria and
statistically significant and clinically meaningful improve-
ments in PROs including PtGA, pain, physical function,
Health related quality of life (HRQOL) and fatigue com-
pared with placebo [31]. The percentage of patients with
a DAS28 of <2.6 was significant in tofacitinib 10 mg bd
group compared with placebo [10].

ORAL Start was a 24-month RCT designed to investi-
gate the effects of tofacitinib monotherapy vs MTX in pa-
tients who were MTX-naive (defined as no prior treatment
or <3 doses). In this study, 958 MTX naive patients with
active RA were randomized to tofacitinib 5mg bd, 10mg
bd, or MTX starting at 10 mg/week with 5 mg/week incre-
ments every 4weeks to 20 mg/week. Tofacitinib mono-
therapy resulted in clinically and statistically significant
improvements in the primary outcomes that included re-
ductions in signs and symptoms of RA assessed by
ACR70 responses at month 6, achieved by 25.5% in the

https://academic.oup.com/rheumatology
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5mg bd group and 37.7% in the 10 mg bd group as com-
pared with 12.0% of patients in the MTX group (P < 0.001
for both comparisons). Other primary outcomes included
statistically significant improvements in physical function
and inhibition of progression of structural damage com-
pared with MTX. Mean changes in the mTSS from base-
line to month 6 were significantly smaller in the tofacitinib
groups than in the MTX group (0.2 in the 5mg bd tofaci-
tinib group and <0.1 in the 10mg bd tofacitinib group,
compared with 0.8 in the MTX group; P <0.001 for both
comparisons). Based on this trial, the FDA allowed the
claim for slowing of radiographic progression [32]. There
were also statistically significant differences between both
tofacitinib doses and MTX with respect to multiple PROs
with a rapid onset of effect. This was first evident at month
1 for PtGA, pain, HAQ-DI and fatigue by FACIT-F and at
months 3 and 6 for other outcomes including HRQOL
using Medical Outcomes Survey SF-36 questionnaire
and quality of sleep using Medical Outcomes Survey-
Sleep scale. The benefits persisted over the length of
the trial [26].

ORAL Strategy was a phase llIb/IV study designed to
assess the comparative efficacy of tofacitinib monother-
apy, tofacitinib plus MTX and adalimumab plus MTX for
the treatment of MTX-IR RA. It was a 12-month head-to-
head, non-inferiority double-blind, triple-dummy, active-
controlled trial randomizing 1146 patients to tofacitinib
5mg bd monotherapy, tofacitinib 5mg bd plus MTX or
adalimumab 40 mg every other week plus MTX. The pri-
mary end point was the proportion of patients who at-
tained at least an ACR50 response rate in the full
analysis set at month 6. A non-inferiority margin of 13%
was set, the risk difference being based on half of the
estimated difference in the ACR50 response rate between
adalimumab and placebo (26%). ACR50 responses were
observed in 38% receiving tofacitinib monotherapy, 46%
receiving tofacitinib plus MTX and 44% receiving adalimu-
mab plus MTX. Non-inferiority was declared for tofacitinib
+ MTX vs adalimumab + MTX but not for tofacitinib mono-
therapy vs either combination [27].

Evaluation of baricitinib efficacy in
clinical trials

Baricitinib (Olumiant) was developed by Eli Lily and Incyte
and approved by the European Medicines Agency in 2017
for use as 4 mg and 2 mg tablets once daily for the treat-
ment of moderate to severe active RA in adult patients
who have responded inadequately to, or who are intoler-
ant to one or more csDMARDs. Baricitinib has not yet
been approved by the FDA, with a request for additional
clinical data to further determine the most appropriate
doses and characterize safety concerns across treatment
arms.

Baricitinib is a selective inhibitor of the JAK family with-
out any effect on other kinase enzymes [33]. It inhibits
JAK1 and JAK2, and to a much lesser extent TYK2.
Baricitinib is considered a JAK3 sparing agent with
100-fold selectivity for JAK1 and JAK2 [9].

https://academic.oup.com/rheumatology

Baricitinib has demonstrated significant efficacy in phase
Il and Il RCTs. Patients completing the RA-BEGIN, RA-
BUILD, RA-BEAM and RA-BEACON phase Ill RCTs were
eligible to enter long term extension studies including RA-
BEYOND (Table 2, Fig. 2) and RA-BALANCE specifically for
patients in Argentina, Brazil and China.

RA-BEGIN was a 52-week, phase lll study trial de-
signed to evaluate baricitinib as monotherapy or in com-
bination with MTX vs MTX monotherapy in 588 patients
with active RA and no prior treatment with csDMARDs (no
or limited exposure to MTX) or bDMARDs. The study en-
rolled a population with a median disease duration of
0.2years and with >91% of patients being DMARD
naive. Patients were randomized to baricitinib 4 mg mono-
therapy, MTX monotherapy or combination baricitinib
4mg and MTX. The primary end point assessment was
a non-inferiority comparison of ACR20 responses at
24 weeks between baricitinib monotherapy and MTX
monotherapy. At 24 weeks, ACR20 response was signifi-
cantly higher with baricitinib monotherapy (77%) and
combination (78%) compared with MTX monotherapy
(62%) and, in fact, baricitinib monotherapy met superiority
criteria over MTX monotherapy with improvements
observed as early as week 1. Baricitinib was also asso-
ciated with reduction in radiographic progression com-
pared with MTX monotherapy. However, the difference
was only statistically significant for baricitinib in combin-
ation with MTX [18]. There was a greater magnitude and
speed of pain relief in patients receiving baricitinib than in
those on MTX monotherapy. A 70% improvement in pain,
considered highly clinically relevant, was achieved by
50% of patients treated with baricitinib plus MTX in just
8weeks, 12weeks for baricitinib monotherapy and
20 weeks for MTX [13].

RA-BUILD was designed to assess the efficacy of bar-
icitinib in patients with moderately to severely active RA
who were refractory to or intolerant of csDMARDs. In a
24-week RCT, 684 csDMARD-IR patients were
randomized to receive baricitinib 2mg, 4 mg or placebo
with background csDMARDs. The primary end point was
met with more patients achieving ACR20 response at
week 12 with baricitinib 4 mg than with placebo (62% vs
39%, P < 0.001). ACR20 responses were also signifi-
cantly higher with baricitinib 2mg and 4 mg compared
with placebo as both 12 and 24 weeks. Statistically sig-
nificant improvements were observed in DAS28,
Simplified Disease Activity Index (SDAI) remission and
HAQ-DI. A supportive assessment of the effect of barici-
tinib on radiographic progression of structural joint
damage indicated a statistically significant reduction in
mTSS progression at 24 weeks in both 2mg (0.33) and
4mg (0.15) arms compared with placebo (0.7) [17].

RA-BEAM was a 52-week, double-blind, randomized,
double-dummy, placebo- and active-controlled, parallel-
arm trial designed to assess improvements in disease ac-
tivity, structural preservation and PROs including physical
function, as well as safety and tolerability with oral barici-
tinib 4mg once daily in 1307 MTX-IR RA patients with
background MTX therapy. Comparisons were made with
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OLE study
=3073)

(n

=527)

bDMARD-IR
(n

=684)

csDMARD-IR
(n

MTX-IR
=1307)

(n

=588)

MTX-naive
(n

Combination Combination Combination Monotherapy - patients

Monotherapy +

Type of therapy

who completed previous
BARI RA study

csDMARD

therapy therapy

therapy

combination therapy

csDMARD

csDMARD

MTX

None/MTX

MTX

Background

ADA + MTX

Active comparator

Arms

(1) 2mg qd
(2) 4 mg qd

(1) 2 mg qd
(2) 4 mg qd
(3) PBO

4 mg gd monotherapy

(1) 4 mg qd + MTX

52, with optional extension to 104 weeks

Safety & efficacy

52

24

Duration, weeks

ACR20 (week 12)

Week 12:

ACR20 (week 12)

Week 12:

ACR20 (week 12)

Week 12:

ACR20 (week 24)

Week 24:

Primary end point
Key secondary

Currently recruiting -

estimated completion
December 2020

DAS28-CRP
HAQ-DI
SDAI remission

DAS28-CRP
HAQ-DI
SDAI remission

DAS28-CRP
mTSS (week 24)
SDAI remission

HAQ-DI

DAS28-CRP
HAQ-DI
mTSS
SDAI remission

end point

Morning joint stiffness

Morning joint stiffness

The table summarizes the broad range of RA patient types studied in baricitinib phase Il confirmatory studies. ADA: adalimumab; csDMARD: conventional synthetic DMARD; HAQ-DI:
Health Assessment Disability Index; IR: inadequate response; OLE: open label extension; mTSS: modified Total Sharp Score; PBO: placebo; SDAI, Simplified Disease Activity Index.

placebo and with the TNFi adalimumab, a standard-of-
care bDMARD in this setting. The RA-BEAM statistical
analysis plan used a pre-specified multiple-testing strat-
egy to control for Type | error relating to the primary
(ACR20 at week 12) and major secondary end points.
Two gated assessments were made against adalimumab:
a test of superiority with respect to change from baseline
in DAS28-hsCRP and a test of non-inferiority with respect
to ACR20 response at 12 weeks. In the plan for multiple
comparisons, if non-inferiority was shown, the superiority
of baricitinib to adalimumab was evaluated. ACR20 re-
sponses were significantly higher with baricitinib com-
pared with placebo at 12 and 24 weeks. Baricitinib plus
MTX was also found to be non-inferior to adalimumab plus
MTX for the ACR20 response, with a margin of 12% (70%
vs 61% for adalimumab), and was therefore considered to
be significantly superior to adalimumab (P =0.01). Starting
as early as week 8, and sustained through week 52, a
greater proportion of patients taking baricitinib achieved
ACR50 and ACR70 responses. A significantly higher
proportion of patients taking baricitinib had low disease
activity, assessed by DAS28-CRP, compared with adali-
mumab at weeks 12 and 52. The proportion of patients
achieving disease remission, measured by SDAI and
Clinical Disease Activity Index (CDAI) scores, was also
higher in the baricitinib group compared with the adalimu-
mab group, at weeks 12, 24 and 52. Significantly greater
inhibition of radiographic progression was also seen with
baricitinib compared with placebo at 24 weeks (change
from baseline in mTSS 0.41 vs 0.9) and 52weeks
(change from baseline in mTSS 0.71 vs 1.8). There was
no significant difference between baricitinib plus MTX and
adalimumab plus MTX in inhibition of radiographic pro-
gression. For the adalimumab group, change from base-
line in mTSS was 0.33 at 24 weeks and 0.6 at 52 weeks.
[20]. Baricitinib provided greater improvement in most
PROs with statistical significance at several time points
compared with placebo and adalimumab, including phys-
ical function, morning joint stiffness, pain, fatigue, overall
work impairment and quality of life. These improvements
were maintained to the end of the study at week 52 [35].

RA-Beacon was a 24-week, RCT in 527 patients de-
signed to assess the efficacy of baricitinib in patients
with moderately to severely active RA who had inad-
equate responses to bDMARDs, including at least one
anti-TNF, or had unacceptable side effects. Of the re-
cruited patients, 27% had at least three prior bDMARDs.
Patients were randomized to baricitinib 2 mg, 4 mg or pla-
cebo, with background csDMARDs. For the primary end
point, at week 12, ACR20 responses were 55% in the
baricitinib 4 mg arm and 49% in the baricitinib 2mg arm
compared with 27% in the placebo group (P <0.001).
Statistically significant improvements were also observed
between the higher-dose baricitinib group and placebo
group in DAS28-CRP and HAQ-DI score, but not for a
SDAI score of 3.3 or less [19]. Baseline PROs revealed
severely impaired physical function and a high level of
pain and fatigue in this highly refractory RA population.
Both baricitinib-treated groups had significantly higher

https://academic.oup.com/rheumatology
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Fic. 1 Tofacitinib: ACR responses at the time of primary end point for pivotal phase llI clinical trials for moderate to

severe RA
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degrees of improvements in most PROs compared with
placebo. Improvements were generally more rapid and of
greater magnitude with baricitinib 4 mg than 2mg and
were maintained to week 24 [36].

The long-term safety and tolerability study, RA-
BEYOND, which is ongoing at the time of writing, included
people with moderate or severe RA who took part in a
separate phase Ilb study or one of the four trials described
above. In this study, those who received baricitinib 4 mg
once daily for at least 15 months and who achieved sus-
tained low disease activity or remission (defined by CDAI
score at two consecutive visits at least 3months apart)
were re-randomized in a double-blind manner to continue
receiving baricitinib 4 mg once daily or to step down to
2 mg daily with or without csDMARDs [34]. Disease activ-
ity was assessed at 12 weeks. Most patients were able to
sustain low disease or remission states in both baricitinib
dose regimens. However, compared with the 4 mg group,
the reduction to 2mg at week 12 was associated with
statistically significant increases in tender and swollen
joint counts, physician global assessments, DAS28-CRP,
CDAI and SDAI scores (all P-values <0.05). These data
suggest that 4 mg once daily is the most efficacious bar-
icitinib dose in keeping with other phase Il studies.

Safety concerns

The evidence base for the clinical safety of JAK inhibitors
is discussed in detail in the article by Dr Harigai [37].
Overall, as the phase lll trials have emerged and long-
term extension data have been evaluated, the absolute

https://academic.oup.com/rheumatology

& months 6 months 3 months
ORAL- ORAL-SCAN® ORAL-STEP¥?
STANDARD?®S MTX-IR TNF-IR
MTX-IR n=797 n=399
n=717

risk of serious adverse events appears comparable to
that of bDMARDs. The most important difference appears
to be an increased risk of herpes zoster infections, most
marked in patients of Japanese and Korean ethnicity.

Approved JAK inhibitors and laboratory
parameters

JAK inhibitors can cause anaemia and cytopenias but this
is rarely of clinical significance for either tofacitinib or bar-
icitinib at the approved doses. However, the fact that an-
aemia and cytopenias have been observed, particularly at
higher than approved doses, may reflect the importance
of JAK2 signalling in erythropoiesis and the involvement of
JAK1 and JAKS in lymphoid development. Unexpectedly,
mild thrombocytosis has been observed in patients trea-
ted with baricitinib but not with tofacitinib. In a pooled
analysis of tofacitinib from six phase Ill trials and two
long term extension (LTE) studies (n=4858), treatment
with tofacitinib 5 and 10mg bd resulted in decreased
mean neutrophil counts, which generally stabilized
during LTE studies. Tofacitinib was also associated with
a gradual reduction in mean lymphocyte counts, which
appeared to stabilize over time. Both 5mg bd and
10mg bd tofacitinib doses resulted in increases in haemo-
globin levels as disease activity reduced, following which
haemoglobin stabilized for up to 66 months. There were
few cases of clinically meaningful haemoglobin reductions
and the incidence of reported anaemia was low and simi-
lar to treatment with placebo and MTX [38]. In a pooled
analysis of data from baricitinib phase IlI, Ill and LTE
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Fic. 2 Baricitinib: ACR responses at the time of primary end point for pivotal phase llI clinical trials for moderate to

severe RA
- Week 24 Week 12
90
RA-BEGIN?® RA-BEAMZ
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B Baricitinib 4 mg + MTX

I Baricitinib 4 mg W saricitinib 4 mg

studies comprising 2451 patients, initial treatment-emer-
gent shifts in haemoglobin were observed in one-third of
subjects. However, reductions in haemoglobin below the
lower limit of normal were not significantly different be-
tween placebo-treated patients or those taking 2mg or
4 mg baricitinib: a surplus or placebo has been deleted.
Furthermore, following an initial decline attributed to phle-
botomy during the early weeks of the trials, dose-depend-
ent increases in erythropoietin, iron and total iron binding
capacity were observed, with a return to baseline or small
rises in haemoglobin. Haemoglobin <8 g/dl was reported
in <1% of patients in clinical trials [39].

Both tofacitinib and baricitinib treatment are associated
with reductions in peripheral blood NK cell counts. In the
case of tofacitinib, there is a dose-dependent decrease
over the first 2weeks of therapy while for baricitinib,
there is a transient increase over the first 4 weeks of treat-
ment before counts fall below baseline levels [40, 41].
However, there have been no reported associations be-
tween baseline or nadir NK cell counts and occurrence of
serious infection, herpes zoster or malignancy [40].

Both tofacitinib and baricitinib are associated with in-
creases in serum levels of low-density lipoprotein (LDL)
and high-density lipoprotein (HDL) but without alteration in
the LDL: HDL ratio. In pooled phase Il tofacitinib studies,
dose-dependent increases in total, HDL and LDL choles-
terol of 16-30% were reported [42]. Similarly, dose-depend-
ent increase in LDL, HDL and triglycerides was observed in
a phase Il study of baricitiinib in RA, in which the increase in
HDL by week 12 correlated with improvement in DAS28

i24

. Adalimumab 40 mg Q2W . Baricitinib 2 mg

Week 12 Week 12

RA-BUILDY RA-BEACON™

csDMARD-IR TNF-IR
n=684 n=527

20 50 70 20 50 70

. Placebo . Placebo

. Baricitinib 2 mg

[ serictinbamg I saricitinib 4 mg

[43]. This may be related to modulation of signalling down-
stream of IL6 given that similar changes have been
observed with biologic drugs targeting IL6R. Reviews of
pooled data from late phase trials of tofacitinib and barici-
tinib indicate that like tocilizumab, this lipid change is not
associated with major cardiovascular events [44, 45].

The place of tofacitinib and baricitinib in
contemporary RA management

In accordance with the ACR guideline and EULAR recom-
mendations for the management of RA, treatment should
be initiated with MTX [2, 3]. In support of this recommen-
dation, up to one-—third of patients with early RA benefit
from MTX monotherapy in controlling disease activity, im-
proving patient function and limiting radiographic progres-
sion [46, 47]. In the event that patients with disease
duration 6 months or more fail to achieve a satisfactory
therapeutic response to MTX monotherapy and a short
period of glucocorticoids, the ACR guidelines recommend
consideration of either combination csDMARDs, a
bDMARD + MTX or tofacitinib + MTX. Tofacitinib + MTX
can also be considered in bDMARD-refractory RA pa-
tients [2]. Similarly, EULAR recommendations for RA man-
agement suggest consideration of the addition to MTX of
a JAK inhibitor, either tofacitnib or baricitinib, as treatment
option in either MTX-IR or bDMARD-IR patients. There will
doubtless continue to be close scrutiny of emerging real-
world data for safety and sustained efficacy for the cur-
rently approved JAK inhibitors. However, the rapid clinical

https://academic.oup.com/rheumatology

6102 UdJe 90 UO Jasn |ooyoS ssauisng pies Aq /1L$G9€G// LY/L Juswa|ddng/ggoelisqe-ajoiue/Abojojewnayl/woo dno-ojwapeoe//:sdyy wouy papeojumoq


Deleted Text: one 
Deleted Text: , 
Deleted Text:  or placebo
Deleted Text:  
Deleted Text: dL 
Deleted Text: two 
Deleted Text: signaling
Deleted Text: ,

Clinical efficacy of launched JAK inhibitors

efficacy and absence of immunogenicity will be seen as
beneficial. And for many patients, the perceived conveni-
ence of an oral dosing schedule will be advantageous.
Furthermore, as tsDMARDs have a shorter half-life for bio-
logical inhibition of their therapeutic target than is the case
for bbDMARDSs, a swifter reversal of any drug-related tox-
icity might be expected. Emerging real world data may
shed further light on this possibility.
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