Immunotherapy in Autoimmunity
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Fig. 1. The JAK-STAT signal transduction pathway.
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Cytokines Examples of cytokines Downstream pathway  Targeted by JAK inhibitor
[L-] family [L-Ta, IL-1B, IL-18 NF-kB No
\F family INFo CDAOL_Fad NF-kR No
4a-helical cytokines (type Il receptors)  TFN-a/B, IFN-y, IL-10 JAK-STAT Yes
4a-helical cytokines (type [ receptors) L2, IL-3, IL-4, IL-5, IL-7, IL9, IL-15, IL-21 - JAK-STAT Yes
Chemokines CXCLY, CCL2 GPCR signaling No
[L-17 family [L-17A, IL-1TF NF-«B No
Other TGF- SMADs No

GPCR, G protein-coupled receptor; NF-kB, nuclear factor kB

The major families of cytokines are listed, as are the downstream pathway(s) activated by each. Some cytokines are JAK-STAT dependent, whereas others are not.

Damsky W, et al. J Allergy Clin Immunol. 2021; 147(3): 814-826; O 6 S hJd, &t al. Annu Rev Med. 2015; 66:311-28; Ann Rheum Dis. 2013;

72 Suppl 2:ii111-5
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ASTAT3 palmitoylation cycle promotes T,17
differentiation and colitis

Zhang M, et al. Nature. 2020; 586(7829): 434-439.
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1 Type Il cytokine receptors such as those for IL-10, IL-19, IL-20, and IL-22 as well as gp130 subunit-sharing

receptors for IL-6 and IL-11, mainly signal through JAK1, but also associate with JAK2 and TYK2.

1. 06 Sul | i Malmmund\ 2697;44(40):2497i 506; 2 |B-10/1L-22 may have pro- or anti-inflammatory activities, depending on the cellular environment and/or disease state.
2. Ghoreschi K et al. Immunol Rev. 2009:228:2731 87; 3 EPO, Erythropoietin; G-CSF, Granulocyte Colonyi stimulating Factor; GH, Growth Hormone; IFN, Interferon; IL,
3. Ghoreschi K et al. Nat Immunol. 2009;10(4)356i 60. Interleukin; JAK, Janus kinase; PRL, Prolactin; TPO, Thrombopoietin; Tyk,Tyrosine Kinase.
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TABLE I. JAK inhibitors approved by the FDA or EMA or at the phase Il or Il trial stage for adult immune-mediated rheumatic and

related diseases

Drug JAK specificity Stage of approval
Tofacitinib JAK3/JAK] > JAK2, TYK2 Approved: RA, PsA, and UC
Phase III: AS
Phase II: Systemic sclerosis, uveitis, and PMR
Baricitinib JAK1/JAK2 Approved: RA
Phase III: SLE
Phase II: Psoriasis, GCA, PMR, and myositis
Upadacitinib JAK1 Approved: RA (PsA* and AS*)
Phase III: nr-axSpA, CD, UC, GCA, and Takayasu arteritis
Phase II: HS and SLE
Filgotinib JAKI Approved: RA"
Peficitinib PA GCA, IBD, PsO, GCA, PsO, GCA, PsO, GCA, 1BD,
Diseases RA, SSC, SLE,  GCA, RA, RA, SSC, GCA, RA, RA, SSC, PsO, RA,
SS SSC, 88 SLE SSC SLE, SpA, SS SSC, SLE, SS
CD, Crohn disease; CLE, cutaneous lupus erythel
*Still awaiting FDA review.
. EPO, TPO IL-2, IL-4, IFN-a
tRejected by the FDA. Cytokines :tfg GM-CSF IL-7, IL-9, IL-6 IFN-B IFN-y
IL-3, IL-5 IL-15, IL-21 IL-10
JAKs
AKT TYK2
o o Baricitinib Baricitinib Baricitinib Baricitinib
o Baricitinib Baricitinib Filgotinib Filgotinib Filgotinib Filgotinib
JAK-inhibitors Peficitinib Peficitinib Peficitinib Peficitinib Peficitinib ~ Peficitinib
Tofacitinib Tofacitinib Tofacitinib Tofacitinib Tofacitinib ~ Tofacitinib
Upadacitinib Upadacitinib Upadacitinib  Upadacitinib

Fragoulis G, et al. J Allergy Clin Immunol. 2021;148:941-52
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tofacitinib (CR690,550)
JAK3/1 > JAK2 >>> TYK2

Thomas S, et al. PLoS One. 2015; 10: e0130078; Tanaka Y, et al. Mod Rheumatol. 2013; 23: 415-24; Walker JG, et al. Ann Rheum Dis. 2006;
65:149i 156; Ivashkiv LB, et al. Arthritis Rheum. 2003; 48: 2092-6; Isomaki P, et al. Rheumatology. 2015; 54:1103-13
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ORAL STRATEGY' RA-BEAM? SELECT-COMPARE?3* FINCH 15¢
100 = ADA 40 mg Q2W (n=386) = ADA 40 mg Q2W (n=330) = ADA 40 mg Q2W (n=327) = ADA 40 mg Q2W (n=325)
90  TOFA 5 mg BID (n=376) = BARI 4 mg QD (n=487) =UPA 15 mg QD (n=651) = FIL 100 mg QD (n=480)
oy © -FILZOOH\?’QD (n=475)
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| |
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*P<0.05 vs ADA; ®P<0.01; °P<0.05 vs ADA; %P<0.001 vs ADA. ADA, adalimumab; JAKI, JAK inhibitor.

1. Fleischmann R, et al. Lancet. 2017;390(10093):457-468; 2. Taylor PC, et al. N Engl J Med. 2017;376(7):652-662; 3. Fleischmann R, et al. Arthritis Rheumatol. 2018;70(suppl 10).
Ahetract 890; 4. Fleischmann R, et al. Ann Rheum Dis. 2020;79(suppl 1). Abstract THU0201; 5. Combe B, et al. Arthritis Rheumatol. 2019;71(suppl 10). Abstract 506; 6. Combe B, et al.

"runt Rhaum Dis. 2020:79(suool 1). Abstract THUO198.
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Cytokines mediate RA pain in the following locations:

Table 2 Proportion of csDMARD-IR patients reporting each clinically meaningful PRO improvement at month 3 Cytokines that do not signal
. Cytokines that signal directly via the Jak/STAT
PRO, n (%) Tofacitinib 5 mg BID Placebo + csDMARDs directly through the pathway but are indirectly
+csDMARDs (N =695) (N = 366) Jak/STAT pathway affected by its inhibition

PtGA

LDA (PtGA VAS score < 20 mm) 216 (31.1) 62 (16.9) 0 IL-4

Moderate PtGA improvement (= 30% decrease from baseline)? 421 (60.8) 119 (326) o L6 o L1

ial PtGA i 2509 fi line)® 1 (43. 73 (20!

Substantial PtGA improvement (2 50% decrease from baseline) 301 (43.5) 3 (200) 0 1o o v

Pain
Q@ PNy
Mild Pain (VAS scare £ 20 mm) 246 (35.4) 62 (16.9)
P > H a

Moderate Pain improvernent (2 30% decrease from baseline | _ _ | _ __ | _419(605) | _ ___________124640 DRG L
I Substantial Pain improvement (2 50% decrease from baseline)® 310 (44.8) 70(192) 1
-Aa_DI___________________________________________________________’ o GM-CSF 0 IL15

- & L1

HAQ-DI score = normative value (< 0.25) 142 (20.4) 44 (120) O Q i O

HAQ-DI change = MCID (= 0.22 improvement from baseling)® 463 (66.8) 166 (45.6) O s © 18 \ © ™Fa
FACIT-F @10 Q FNy ,

FACIT-F score 2 normative value (= 43.5)° 138 (19.9) 46 (126) ’

i S B B S S o
1 FACIT-F change 2 MCID (2 4.0 improvement from baseline)” 381 (55.0) 131 (36.1) ’| Neurons at —
Abbreviations: BID twice daily, csDMARD conventional synthetic disease-modifying antitheumatic drug, FACIT-F Functional Assessment of Chronic Iliness Therapy- @ 110 the joint I
Fatigue, HAQ-DI Health Assessment Questionnaire-Disability Index, IR inadequate responder, LDA low disease activity, MCID minimum clinically important
difference, PRO patient-reported outcome, PtGA Patient Global Assessment of Disease Activity, VAS Visual Analog Scale o IL-6 0 IL-18

Q@ 1L15 @ T™NFa
Q 118

opr icepti 0 i icepth

Strand V, et al. Arthritis Res Ther. 2020; 22(1): 243
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Drug, company

Main selectivity

Approved indications

Phase of clinical trials in
plaque psoriasis

Phase of clinical trials in
psoriatic arthritis

Tofacitinib (Xeljanz®),
Pfizer

Baricitinib (Olumiant®), Eli
Lilly and Company

Itacitinib, Incyte Corpora-
tion

Solcitinibb, GlaxoSmith-
Kline

Abrocitinib, Pfizer

Filgotinib, Galapagos NV

Upadacitinib (Rinvoq®),
AbbVie

Peficitinib (Smyraf®), Astel-
las Pharma Inc.

Nogueira M, et al. Drugs. 2020; 80(4): 341-352

JAK1 and JAK3

JAK1 and JAK2
JAK1

JAK1

JAK1

JAK1
JAKI1

Pan-JAK (moder-
ate selectivity for
JAK3)

Rheumatoid arthritis
Psoriatic arthritis
Ulcerative colitis
Rheumatoid arthritis

None

None

None

None

Rheumatoid arthritis

Phase III (completed)—not
approved for psoriasis and
no ongoing clinical trials

Phase Il (completed)—no
ongoing clinical trials

Phase II (completed)—no
ongoing clinical trials

Phase II (completed)—dis-
continued investigation in
psoriasis

Phase II (completed)—dis-
continued investigation in
psoriasis

No clinical trials

No clinical trials

Rheumatoid arthritis (Japan) Phase II (completed)—dis-

continued investigation in
psoriasis

Already approved

No clinical trials
No clinical trials

No clinical trials

No clinical trials

Phase I1I—2 clinical trials set
to start soon

Phase II—2 ongoing clinical
trials

No clinical trials
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Type | cytokine receptors

IL-12 o IL-23
® @ oo

Psoriasis phase Il: PASI response at week 12
PASI 75 BMS-986165
° 100%
‘é’ 80% 69%! 67% 75%!
@ 60% . 1
g s 39%
goox| 7 9% - |
« 0% T T T |
Br Ay PBO 3 mg QOD 3 mg QD 3 mg BID 6 mg BID 12 mg QD
IL-17A/F, IL-17F PAS' 90
* IFN-a/g -> MX1
100%
(9]
o 80%
g 60% 44%' 441 43%
§ 40% —
16%
O 20% " 7%
= o = , I
PBO 3 mg QOD 3mg QD 3 mg BID 6 mg BID 12 mg QD
*P<0.001 vs PBO. P <0.0001 vs PBO. 7P <0.05 vs PBO.
Missing data were rated as 3 toa (NRI). BID = twice a day; PASI = Psorfasis Area Severity Index; PBO = placebo; QD = daily; QOD = every other day.

OO Type | interferons

OO IFN-a and IFN-B

O Krueger J, et al. J Am Acad Dermatol. 2021; S0190-9622(21)02017-X
Type Il cytokine receptors Ghoreschki K, et al. J Dtsch Dermatol Ges. 2021; doi: 10.1111/ddg.14585
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JCI The Journal of Clinical Investigation

TYK2 inhibition reduces type 3 immunity and modifies disease

progression in murine spondyloarthritis

Eric Gracey, ... , Wenyan Miao, Robert D. Inman

J Clin Invest. 2020;130(4):1863-1878. https://doi.org/10.1172/JC1126567.

BEETET( WG Autoimmunity Therapeutics

Graphical abstract
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