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CYTOKINE RECEPTORS AND JAK
SIGNALLING
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Nature Reviews | Rheumatology

Winthrop, K. L. (2017) The emerging safety profile of JAK inhibitors in rheumatic disease
Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2017.23




THERAPEUTIC PRINCIPLE OF JAK
INHIBITION

JAKSs are critical to immune function and homeostasis

JAK isoform knock-out animals have severe clinical phenotypes
JAK deficient mice die perinatally
JAK2 knockout animals are embryonic lethal due to defective erythropoiesis
JAK3 deficient mice suffer from severe immunodeficiency sundrome

TYK2 deficient mice are viable but susceptible to viral infection due to reduced IFN
response

HEATING

Complete blockade of JAK isoforms is undesirable

‘ Objective> NOT to specifically block the JAK pathway completely, but to
reversibly reduce the activity of one or more JAK isoforms



In vitro JAK isoform selectivity

JAK ISOFORM SELECTIVITY — DOES IT
MATTER?

Enzyme essay IC50 (nM)

Compound JAK1
Tofacitinib 15.1
Baricitinib 4.0
Filgotinib 363

Upadacitinib 8

Peficitinib 3.9

Decernotinib 112

JAK: Janus kinase; IC50: half maximal inhibitory concentration; TYK2: Non-receptor Tyrosine-protein Kinase 2.
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Highly potent compounds will have narrow windows

The clinical impact of JAK isoform selectivity is
dependent on dose, cell type, tissue penetration,
genetics



JAK ISOFORM SELECTIVITY — DOES IT

MATTER?

gp130 cytokines
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Filgotinib Filgotinib Filgotinib Filgotinib
Peficitinib

Decernotinib

All current JAKi approved and in

development have a significant effect on
JAKI

JAKIl is involved in signalling transduction of
IL-6, IFN and the common y-chain
cytokines including IL-2 and IL-15.

Common side effects with IL-6 inhibition

INF-y suppression = important
contributor to the clinical benefit?

—> potential explanation for herpes zoster
reactivation

JAK 2 targeting — GM-CSF - probably
efficacious in RA
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Clinical and epidemiological research

Biologic refractory disease in rheumatoid arthritis: results from the PDF
British Society for Rheumatology Biologics Register for Rheumatoid
Arthritis 3

Lianne Kearsley-Fleet’, Rebecca Davies', Diederik De Cock’, Kath D Watson', Mark Lunt’, Maya H Buch? 3, John D Isaacs?, Kimme L

Hyrich" ® the BSRBR-RA Contributors Group

Author affiliations +

Abstract

Objectives Biologic disease-modifying antirheumatic drugs (-DMARDs) have revolutionised treatment and outcomes for
rheumatoid arthritis (RA). The expanding repertoire allows the option of switching bDMARD if current treatment is not effective. For
some patients, even after switching, disease control remains elusive. This analysis aims to quantify the frequency of, and identify
factors associated with, bDMARD refractory disease.

Methods Patients with RA starting first-line tumour necrosis factor inhibitor in the British Society for Rheumatology Biologics
Register for RA from 2001 to 2014 were included. We defined patients as bDMARD refractory on the date they started their third
class of bDMARD. Follow-up was censored at last follow-up date, 30 November 2016, or death, whichever came first. Switching
patterns and stop reasons of bDMARDs were investigated. Cox regression identified baseline clinical factors associated with
refractory disease. Multiple imputation of missing baseline data was used.

Results 867 of 13 502 (6%) patients were bDMARD refractory; median time to third bDMARD class of 8 years. In the multivariable
analysis, baseline factors associated with bDMARD refractory disease included patients registered more recently, women, younger
age, shorter disease duration, higher patient global assessment, higher Health Assessment Questionnaire score, current smokers,
obesity and greater social deprivation.

Conclusions This first national study has identified the frequency of bDMARD refractory disease tobe at least 624 of patients who
have ever received bDMARDs. As the choice of bDMARDSs increases, patients are cycling through bDMARDs quicker The
aetiopathogenesis of bDMARD refractory disease requires further investigation. Focusing resources, such as nursing support, on
these patients may help them achieve more stable, controlled disease.

Thisis an open access article distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose, provided the original work is
properly cited, a link to the licence is given, and indication of whether changes were made. See:
https.//creativecommons.org/licenses/by/4.0/.
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ORAL START

TOFA MONO
DMARD naive

100+

956 patients RA
DMARD naive
Tofa monotherapy vs MTX

The coprimary end points at month 6 were
the mean change from baseline in the van der
Heijde modified total Sharp score and the
proportion of patients with an American
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Lee et al, Tofacitinib versus Methotrexate in Rheumatoid Arthritis. N Engl ] Med2014;370:2377-86.
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Double-blind, placebo-controlled, monotherapy RCT
619 RA patients who had failed 21 csDMARD or bDMARD

The primary end points of achieving an ACR20 and improvement of HAQ-DI from baseline
at week 12 was met but there was no statistically significant difference in achieving a
DAS28(ESR) < 2.6 between either tofacitinib group and placebo

Fleischman et al, Placebo-Controlled Trial of Tofacitinib Monotherapy in Rheumatoid Arthritis
N Engl ] Med 2012; 367:495-507



TOFA+MTX

ORAL STANDARD MTXIR
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Burmester G, Blanco R, Charles-Schoeman C et al.Lancet 381(9865), 451-460

(2013

ORAL STEP

399 RA patients
Failed at least one TNFi
Background MTX

The primary end points were the ACR20
responder rate, change from baseline in HAQ-
DI and rate of patients achieving a DAS28(4)
ESR < 2.6, all at month 3.
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MTX IR

ORAL STRATEGY
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Tofacitinib 5 mg b.i.d. did not meet the noninferiority
criteria compared with either tofacitinib 5 mg
b.i.d. + MTX or ADA 40 mg + MTX (‘inconclusive’)

These results suggest that in a group of
patients, more patients will achieve an ACR50
in 6 months if treated with the combination of
MTX + either tofacitinib or ADA compared

with treatment with tofacitinib monotherapy. Fleischmann R, Mysler E, Hall S et al. Efficacy and safety of tofacitinib monotherapy, tofacitinib with

methotrexate, and adalimumab with methotrexate in patients with rheumatoid arthritis (ORAL Strategy): a

Phase IlIb/IV, double-blind, head-to-head, randomised controlled trial. Lancet390(10093), 457-468
(2017)



BARICITINIB

reversible inhibition of JAK| and JAK2

BARICITINIB O\E\)\S A~




RA BEGIN

Early, active RA
DMARD naive >90%
MTX mono vs. baricitinib mono vs. baricitinib + MTX

noninferiority comparison of baricitinib mono to MTX mono

The ACR20 response rate at week 24 for baricitinib monotherapy and MTX
monotherapy was 77% and 62%, respectively (P < 0.001 for noninferiority).

Baricitinib monotherapy was found to be superior to MTX monotherapy at
week 24 (P<0.01)

Less progression in the SHS was observed in both baricitinib groups
compared to MTX monotherapy; however, the treatment effect was
statistically significant for baricitinib plus MTX but not for baricitinib
monotherapy

% Patients

Fleischmann et al. Baricitinib, Methotrexate, or Combination in Patients With Rheumatoid Arthritis and No or Limited
Prior Disease -Modifying Antirheumatic Drug Treatment. Arthritis Rheumatol. 2017 Mar; 69(3): 506—-517.
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RA BEAM

52-week, phase 3, double-blind, placebo- and active-controlled trial

MTX IR
1307 p.

Placebo vs. baricitinib vs. adalimumab

superiority 70% vs 40% (p<0.001)
Non-inferiority 70% vs 61% (p<0.01)

Taylor P. et al. Baricitinib versus Placebo or Adalimumab in Rheumatoid Arthritis. N Engl
J Med 2017; 376:652-662
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RA-BEACON
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Genovese et al. Baricitinib in patients with refractory Rheumatoid Arthritis. N Engl J

Med 2016

527 patients

At least | TNFi, other non-TNFi bDMARD or
both

End points: ACR20, HAQ-DI, DAS28-CRP and
SDAI<3.3

Significantly more patients receiving baricitinib
at the 4-mg dose than those receiving placebo
had an ACR20 response at week 12 (55% vs.
27%, P<0.001)



Safety and efficacy of upadacitinib in patients with
rheumatoid arthritis and inadequate response to
conventional synthetic disease-modifying anti-rheumatic
drugs (SELECT-NEXT): a randomised, double-blind,
placebo-controlled phase 3 trial

Gerd R Burmester, Joel M Kremer, Filip Van den Bosch, Alan Kivitz, Louis Bessette, Yihan Lj, Yijie Zhou, Ahmed A Othman, Aileen L Pangan, Heidi S Camp
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Safety and efficacy of upadacitinib in patients with active
rheumatoid arthritis refractory to biologic disease-modifying
anti-rheumatic drugs (SELECT-BEYOND): a double-blind,
randomised controlled phase 3 trial

Mark C Genovese, Roy Fleischmann, Bernard Combe, Stephen Hall, Andrea Rubbert-Roth, Ying Zhang, Yijie Zhou, Mohamed-Eslam F Mohamed,
Sebastian Meerwein, Aileen L Pangan
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INFECTIONS

The IR of serious infections is 2.7/100 patient years (95% Cl 2.5-3.9) and 2.9/100
patient years (95% CI 2.5-3.4) for tofacitinib and baricitinib, respectively.

Both tofacitinib and baricitinib are associated with increased incidence of
reactivation of herpes zoster (3—4/100 patient years).

This is higher than placebo and exceeds those expected with biologic agents. Risk is
highest in Japan and Korea.

Concomitant glucocorticoid is an additional risk factor.

Reactivation of herpes zoster appears to be a class effect and may be due to

inhibition of IFN and IL-15, which are key anti-viral cytokines that signal through
JAKI, JAK2 and JAK3.

Genovese MC et al. Safety profile of baricitinib for the treatment of rheumatoid arthritis up to 5.5 years: an updated integrated safety analysis.

Winthrop KL et al. Herpes zoster and tofacitinib. Clinical outcomes and the risk of concomitant therapy. Arthritis Rheumatol 2017 ;69:1960-8.



Arthritis Rheumatol. 2017 Oct;69(10):1969-1977. doi: 10.1002/art.40187. Epub 2017 Sep 6.

The Safety and Immunogenicity of Live Zoster Vaccination in Patients With Rheumatoid Arthritis
Before Starting Tofacitinib: A Randomized Phase Il Trial.

Winthrop KL, Wouters AG?, Choy EH®, Soma K?, Hodge JAZ, Nduaka CI*, Biswas P2, Needle E°, Passador S, Mojcik CF2, Rigby WFS.

(+ Author information

Abstract

OBJECTIVE: Patients with rheumatoid arthritis (RA) are at increased risk of herpes zoster, and vaccination is recommended for patients ages
50 years and older, prior to starting treatment with biologic agents or tofacitinib. Tofacitinib is an oral JAK inhibitor for the treatment of RA. We
evaluated its effect on the immune response and safety of live zoster vaccine (LZV).

METHODS: In this phase Il, 14-week, placebo-controlled trial, patients ages 50 years and older who had active RA and were receiving
background methotrexate were given LZV and randomized to receive tofacitinib 5 mg twice daily or placebo 2-3 weeks postvaccination. We
measured humoral responses (varicella zoster virus [VZV]-specific IgG level as determined by glycoprotein enzyme-linked immunosorbent
assay) and cell-mediated responses (VZV-specific T cell enumeration, as determined by enzyme-linked immunospot assay) at baseline and 2
weeks, 6 weeks, and 14 weeks postvaccination. End points included the geometric mean fold rise (GMFR) in VZV-specific 1gG levels
(primary end point) and T cells (number of spot-forming cells/10° peripheral blood mononuclear cells) at 6 weeks postvaccination.

RESULTS: One hundred twelve patients were randomized to receive tofacitinib (n = 55) or placebo (n = 57). Six weeks postvaccination, the
GMFR in VZV-specific IgG levels was 2.11 in the tofacitinib group and 1.74 in the placebo group, and the VZV-specific T cell GMFR was
similar in the tofacitinib group and the placebo group (1.50 and 1.29, respectively). Serious adverse events occurred in 3 patients in the
tofacitinib group (5.5%) and 0 patients (0.0%) in the placebo group. One patient, who lacked preexisting VZV immunity, developed cutaneous
vaccine dissemination 2 days after starting tofacitinib (16 days postvaccination). This resolved after tofacitinib was discontinued and the
patient received antiviral treatment.

CONCLUSION: Patients who began treatment with tofacitinib 2-3 weeks after receiving LZV had VZV-specific humoral and cell-mediated
immune responses to LZV similar to those in placebo-treated patients. Vaccination appeared to be safe in all of the patients except 1 patient
who lacked preexisting VZV immunity.

TRIAL REGISTRATION: ClinicalTrials.gov NCT0214/7587.




GASTROINTESTINAL PERFORATION

Gastrointestinal perforation is associated with IL-6 inhibition.

IL-6 signals via JAK I, JAK2 and TYK2.Therefore, inhibiting IL-6 signalling by
JAKi may be associated with gastrointestinal perforation.

IR of gastrointestinal perforation was 0.11/100 patient years (95% Cl 0.07—
0.17) for tofacitinib and 0.05/100 patient years (95% CI 0.01-0.13) for
baricitinib.

These were numerically lower than that was observed with tocilizumab
reported in German biologic registry, which was 0.27/100 patient years




DEEP VEIN THROMBOSIS AND
PULMONARY EMBOLUS

Five cases of deep vein thrombosis and pulmonary embolus (DVT/PE) were
observed in baricitinib- (IR 1.2/100 patient years) but none in the placebo-
treated patients during RCTs

The overall IR of DVT/PE was 0.5/100 patient years (95% Cl 0.3-0.7)

There was no association between platelet count and the occurrence of
DVT/PE.

FDA warning tofacitinib: |Omg x 2, patients >50 yo, with at least one
cardiovascular risk factor = increased occurence of PE and death
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of Rheumatoid

Arthritis?

Combine with
short-term
glucocorticoids

Start leflunomide
or sulfasalazine /

Start methotrexate®

| | chieve improvemen

- - ‘ 1
F;lolljtl;)eplr’l';assetelll. - No | at3 monthsand | Yes Continue |

| | targetaté months? |

Prognostically unfavourable = Prognostically unfavourable
factors present Failure for lack of factors absent

efficacy andior
Such 3s RF/ACPA esp. at high levels; high alsasse PR 5
S oy ks, e af 2 Gspyése | toxicity in phase

hange to oradd a

A 2 bOUATD e (S BG If the treatment target is not achieved with the first csDMARD

(current practice) No at3 monthsand Leflunomide, sulfasalazine,
targetat 6 months? methotrexate alone orin

g e strategy, when poor prognostic factors are present, addition of a

above)

e 1 Yoo [ Cotme bDMARD* or a tsDMARD* should be considered; current practice

targetat 6 months?

Dose reduction/

=imzei  Would be to start a bDMARDS.

Dose reduction/

, Failure for lack of

efficacy and/or
toxicity in phase Il

Change the bDMARD
Replace any first bDMARD by
any other bDMARD
[abatacept or
IL-6-inhibitor® or
rituximab or a
(second) TF-inhibitor*]

Achieve improvement]
at3 monthsand
targetat 6 months?

12010 ACR-EULAR classification criteria can support early diagnosis. 2The treatment target is clinical remission according to ACR-EULAR definition or, if
remission is unlikely to be achievable, at least low disease activity; the target should be reached after 6 months, but therapy should be adapted or changed
if no sufficient improvement is seen after 3 months. +“Methotrexate should be part of the first treatment strategy”; while combination therapy of
CsDMARDS is not preferred by the Task Force, starting with not exclude its use ion with other csDMARDS. *TNF-inhibitors
(adalimumab, certolizumab, etanercept, golimumab, infliximab, including EMA/FDA approved bsDMARDS), abatacept, IL-6-inhibitors, or rituximab; in
patients who cannot use csDMARDs as comedication, IL6-inhibitors and tsDMARDS have some advantages. *Current practice would be to start with a

with MTX or ) because of the long-term experience compared with tsDMARDS (Jak-inhibitors). °The most
frequently i comprises i ine. 7Dose reduction or interval increase can be safely done with
all DMARDs with litle risk of flares; stopping is associated with high flare rates; most but not all patients can recapture their good state upon
re-institution of the same bDMARD. SEfficacy and sofety of bDMARDS after Jok-inhibitor failure is unknown; also, efficacy and sofety of an IL-6 pathway
inhibitor after another one has failed is currently unknown. “€fficacy and sofety of  Jak-inhibitor after insufficient response to a previous Jak-inhibitor is
unknown.

Josef S Smolen et al. Ann Rheum Dis 2017;76:960-977

©2017 by BMJ Publishing Group Ltd and European League Against Rheumatism
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Future?
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Real-life effectiveness and safety (cardiovascular, herpes zoster, malignancy) - \]P»\*\o
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REGISTRY DATA!!!

Observational studies
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JAK switching? Efficacy? Safety? 2

Observational studies
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Place in the treatment algorithm — sequential use? Efficacy and safety of
particular bDMARDs before and after JAKi?

Observational studies
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REAL-LIFE EFFECTIVENESS AND
SAFETY OF JAK INHIBITORS
(TOFACITINIB, BARICITINIB) IN
RHEUMATOID ARTHRITIS

Hpepopunvia
Apxixé acBevolg:
AMKA:

Hhwier:

DoAo:
Exnai8evon:

KAwiki:

PA

FeviKé XaPaKTNPLOTIKA VOToU

‘Etog Budy ne:

RF: Betikd  apvnTkd

Anti-CCP:  BeTkG  apvnTIKO

Axtwvoloyiki ekéva: Slafpwoeig:  NAI OXI
Meiwon apBpikol SlaoThpatog:  NAI [ox{}

EwapBpikég ekBNAWOELG:

IYNNOIHPOTHTE:

1. KapSiayyelakr voonpotnTa Kat apayovieg
Kwivou
a. Kdanviopa
i. Moté
ii. Npdnv
iii. Evepyoc — packet/year: ...
b. Yméptaon
i.  NatpuBpopévn
Nat pun puBpopévn
iii. Oyt

. Zakxapwdng AwaBrtng: NAI OXI

d. YnepAuuSaypio NAI OXI

d. Ydhog Bdpog

e. TIA T 050 eyKepOAKO £TELGOSL0:
NAI OXI

f. 0§V épdppaypa puokapdiov, actadn

otnBayxn: NAI OXI
2. Kakorifn veomddopata NAI  OXI
Av vai Siayvwon kai £Tog Siayvwong
MponyoUpeveg Néyog Sakomiig
Bepaneieg (primary inefficacy, 3. AOULHEELS TOU XPELGOTNKAY ELOAYWYH OE
secondary inefficacy, voookopelo ta teAeutala 5 ém NAI OXI
intolerance)
csDMARDs 4, Wuxwarpikr| véoog Sleyvwopévn and puxlatpo
NAI OXI

1. 1 Av vat aywyn:

2. 2.

3. 3. 6. ApBp Tikr) NAI OXI Av vat £T0G,

4. a.

7. EuBoha tov teleutaio xpovo:

bioDMARDs xpovohoyukd pinng MVEUPOVIOKOKKOU

1 1 ‘Epnnta Zwotnpa  Hratiutbag B ‘AMdo

2 2.

3, 3. 8. XANN 1} evdidpueon nivevpovon@dsia NAI - OXI

4. 4.

5 5. 9. Xpovia vedpikry avemdpkewa  NAI - OXI
*HE To € KouTid MONO otnv ntputn enioken

Extipnon evepydtntog vécou kot PROs

SIC: 28 ........[66
TIC: /28 ......../68
ESR

CRP:....

Mapolboa vooog — cupnwpata, kKAwikn e§étaon

26
DAS28-ESR

2,8
CDAI

5
SDAI

Mapoloa GapUAKEUTLKE aywyn

HAQ:
Komwon: .....
EQ5D: ..

HAD score: .

‘Ovopa Adon 0566 Huspopnvie | Hpepopnvie | Adyog
$apudkou Xopfiyneng £vaping Suakomrig Siaxomnrig*
¢sDMARD
bDMARD
JAK inhibitor
Koprikootepoeildiy

* primary inefficacy, secondary inefficacy, intolerance, other

A

and v

NAI OXI  av NAI tepiypdpre:
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TAKE HOME MESSAGES

A whole new DMARD category

Complete blockade of JAK isoforms is undesirable, objective is NOT to specifically block the JAK pathway completely, but to reversibly reduce the
activity of one or more JAK isoforms

Selective but not specific, dose dependent
Selectivity might be significant for both efficacy and safety, but many side effects seen are a ‘class effect’
Do we need it?
Of course we do!!! Unmet needs, refractory patients
Is it efficacious?
In all different patient populations (MTX naive, MTX IR, anti-TNF IR, non-TNFi- bDMARDs IR
FAST!!
Is it safe?
Infections, serious infections, Herpes zoster, malignancies, thromboembolic events!!
What is the target-population?
All the above, patient preference
Future?

REGISTRIES!!!! COST!!!! Prognostic factors?
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