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Do we really need new drugs for IBD patients?




Cumulative probability of thiopurines and
antiTNF use — Dutch cohort 1991-2011

Cumulative exposure to immunomodulators
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Cumulative hosp & surg rates for Crohn’s disease

Cumulative risk of hospitalization
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Future panorama of IBD drugs
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Small molecules Monoclonal antibodies

Molecular weight Small (<1000 daltons) Large (e.g. mAb = 150 kDa)
MoA Receptor or enzyme inhibition Depletion
Location of target Intracellular Extracellular
Target specificity Less (compared to biologics) High target specificity

* Toxicities generally non-specific/not related to * Toxicity generally related to target/pharmacology

target (“off-target toxicity”) or “on-target toxicity”

Half-life Short (compared to antibodies) Long — especially molecules with Fc or IgG

* Minutes — hours - days FcRn receptor, protects IgG from catabolism
Distribution Potential for extensive distribution within the  More limited distribution within body

body * Initially, largely confined to vascular space

Immunogenicity Generally not a concern Common challenge in animals and humans



Future panorama of IBD drugs
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Tissue damage
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Cell homing



Drugs targeting lymphocyte homing in the gut
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Sphingosine-1 Phosphate receptors (S1PR)
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S1PR1 regulate lymphocyte egress from lymph nodes
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Ozanimod, a next generation S1PR modulator
with selectivity for SIP1R and S1P5R
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S1P1 S1P1/5 dual
modulator modulator

SEW2871 Siponimod
MT-1303 (BAF312)
Ponesimod Ozanimod
(ACT-128800) (RPC1063)

S1P1 agonist

S1P1 activation (agonism)
— Phosphorylation
— Internalization =——————%
— Recycling
— Resensitization

Absence of S1P1 in the cell surface
— Blockage of lymphocytes egress
— Temporal lymphopenia (hours)

SIP1 modulator

S1P1 activation (agonism)
— Phosphorylation
— Internalization
— Degradation
— Functional antagonism

—>» Long time absence of S1
> — Blockage of lympho
— Sustained lymph




Proportion of patients in remission

Ozanimod efficacy in ulcerative colitis

Phase Il
N=197
Week 8 Week 32
18 16,4 c 30
o
16 - —
13,8 2 25 24,2
14 £
12 £ 20
2
10 <
-% 15
8 6,2 s
6 g 10
o
4 £
o 5
2 3
0 0
Treatment group Treatment group
O Placebo (N=65) [ 0Ozanimod 0.5 mg (N=65) B Ozanimod 1 mg (N=67) O Placebo (N=65) @ Ozanimod 0.5 mg (N=65) B Ozanimod 1 mg (N=67)

Sandborn WJ et al. N Engl J Med 2016



Cardiovascular safety of ozanimod

Placebo Ozanimod, 0.5 mg  Ozanimod, 1 mg A TRIFEPINO DASE: CREmImod 1 g
Event (N=65) (N=65) (N=67) 1
No. of adverse events 59 45 51 1:_ """""""""""""""
Adverse event — no. of patients (%) 26 (40) 26 (40) 26 (39) E o
Serious adverse event — no. of patients (%)* 6 (9) 1(2) 3 (4) E : [ o1 ! '
Adverse event leading to discontinuation of regimen 4 (6) 3(5) 1(1) ol ITT T
— no. of patients (%) -2-
Adverse cardiac event — no. of patients (%) 2(3) 1(2) 0 : IIII 1
Adverse event occurring in =2 patients receiving #1234 % ¥ “:m ™
ozanimod — no. of patients (%)
Ulcerative colitis flare 5 (8) 2(3) 3 (4) Bty S S G-
Anemia 4 (6) 3(5) 0 "
Headache 3(5) 0 2(3) 7.
Nausea 23) 1(2) 2(3) 3 o . -
Pyrexia 0 1(2) 3 (4) i -
Arthralgia 1(2) 1(2) 2(3) a ]
Alanine aminotransferase increased 0 1(2) 3(4) :" TTTT . i )
Back pain 1(2) 1(2) 1(1) TI3%e & 9 r-:m =
Rash 0 1(2) 2(3) o Postive Contra
Abdominal pain 1(2) 1(2) 1(1) C*
Vomiting 0 0 2(3) 0 -
Orthostatic hypotension 0 2(3) 0 H ::
Aspartate aminotransferase increased 0 1(2) 1(1) E :: | [ I \%
Hyperbilirubinemia 0 1(2) 1(1) | .l
Insomnia 0 1(2) 1(1) -2
Nasopharyngitis 0 2 (3) 0 :-
Proctalgia 0 1(2) 1(1) 31334 & o rﬁfu =

Sandborn WIJ et al. N Engl J Med 2016 Tran JQ et al. Clin Pharmacol Drug Development 2018



S1P receptor modulators under study in IBD

Clinical devlopment

Clinicaltrials.gov ID

S1P receptor modulator Target UC CD
Ozanimod S1P, . Phase Il Phase Il NCT02435992
NCT02531113
Etrasimod (APD-334) S1P, Phase Il NCT02447302
NCT02536404
Amiselimod (MT-1303) S1P receptor (unknown Phase Il NCT02378688
subtype) NCT02389790



Sphingosine-1 Phosphate receptor selectivity
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Fingolimod-phosphate 8.1-2.5 7.5 7.8-9.4 6.6-9.2 8.2-9.5
Ozanimod (RPC1063) 9.8 Noresponse® No response? No response? 7.3
Etrasimod (APD334)° 6.10 No response  No response 147 24.4




Proportion of patients in remission

Etrasimod explorative efficacy in UC
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Sandborn W, UEGW 2018, Vienna
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Jak inhibitors as a potential therapy for IBD

Target Cell Effect
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Proliferation
Differentiation

Fontolizumab

~
et IFN-y, TNF-q, IL-21 a PLEIOTROPY
) 2 &%
g O © Proliferation
- ®
a O,
g' Activated Ty cells
Secukinumab &
@ Proliferation
IL-6+TGF-p1 < —— 17, IL-21, 1L-22 ) )
IL-23, IL-21 % REDUNDANCY
- ° @
% O oe Proliferation
Z @ @
k4 Q e
TraIOkinumab % Activated T cells
- SYNERGY
o @ R
w—p L4, IL-5, IL-13 », O 2 3 Induces class switch to IgE
/ @
Activated T cells
ANTAGONISM
Monteleone G and Caprioli F. Clin Sci 2010 e 2 _ EREN S——
@ V induced by IL-4
(o)



Jak inhibitors as a potential therapy for IBD
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Kinase inhibitors as novel therapies
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N

Immune system

T cell checkpoint inhibitor
synergy (e.g. FAK, EGFR,
MEK and CDK4 and/or CDK6)

/

Receptor tyrosine Immune system activation (e.g.

kinase signalling
(e.g. EGFR, KIT,
PDGFR, MET and HER?2)

Proto-oncogenes
(e.g. BCR-ABL, mutant
PIK3CA and MAPK kinases)
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Angiogenesis
(e.g. VEGFR,
PDGFR and S

TAM kinases, CSF1R and IGF1R) Immunosuppression

and vaccine adjuvants
(e.g. TAM kinases)
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(e.g. JAK kinases,
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Degenerative disease

Nature Reviews | Drug Discovery



Currently available JAK inhibitors

Non-selective inhibitors JAK1-selective inhibitors
FH:' o
W
N /] B uﬁ/\
N B—NH k/ o]
. X
N Tofacitinib . —~ Filgotinib
(CYP3Adand CYP2C19)  ne” [ N O (CYP-independeny
N_‘-:_ =
= =~ _N
NH 0
WO 7 I D NH
Ruxolitinib O™ N< _N Ll
(CYP3A4 and CYP2C19) -3
( ) - S, Upadicitinib mm,
{Renal excretion -
~0OH " CYP-independent)
o HN JAK3-selective inhibitors
- o T,
S o - Y
= g =t HN o o
NT N -0 = | H L
H,C—NH HN N= N N P u‘
Pefecitinib =N N | “ N R NN
(Mutiple mechanisms, Oclacitinib N. .= H
atleast part::r (Renal and biliary elimination Decernctinib PF-06651600
CYP-independent) CYP-independent) (CYP3A4 (and major
inhibitor of this enzymel)
Inhibitors of JAK and other kinases
TYK2-selective inhibitors

g ™ ‘L\\NH NH,

F
H
N N{flj.)%u @(D N l/’\u
/
N’JQ‘"N l “ N4§—N\©\[(N\)
H H,
u_ u’

Cerdulatinib
~n Q SAR-20347
N R333 Also: NDI-031232, NDI-03 1407, PF-06700841

(Topical) and BM5-986165




Jak inhibitors as a potential therapy for IBD

Haematopoiesis
Growth

EPO, TPO,

GM-CSF, GH, IL-3,

IL-5

Th17
differentiation

IL-12, IL-23

Acute phase response
T cell differentiation
Lipid metabolism

Th1 differentiation
Macrophage and

Anti-viral immunity
NK cell activation

Tofacitinib
Ruxolitinib
Baricitinib
Peficitinib

Non-selective

IL-6

i

NK cell activation

IFNa, IFNB, IFNg,
IFNK, IFNw,
IFNA1, IFNA2,
IFNA3, IFNA4

IFN-y

Filgotinib
Upadacitinib
Solcitinib
Itacitinib

JAK1-selective

maturation and
function

Lymphoid cell

IL-2, IL-4, IL-7,
IL-9, IL-15, IL-21

Decernotinib
R333

JAK3-selective



Jak inhibitors as a potential therapy for IBD

Ulcerative Calitis

Crohn’s Disease

Rheumatoid Arthritis

Psoriasis

Pancreatic Cancer

Primary Myelofibrosis

Cancer

Phase 1

Fligotinib

) Ruxolitinib
) Baricitini

U Momalotinib

INCBO39110
@ BMS-911543

INCEQ39110

i

Upadacitinib
Upadacitinib
Fllgotinib

1 Baricitinib

P Peficitinit

P Totacitinit>

@ Pacritinib
B Momalotinib

Phasa 3

JAKZ2 JAK3

P Totacitinb

P rofacitinib

3 Ruxoltini

Launched

Tofacktinib
Plzer

Auxclitinio
lncyte

Baricitinib
El Lidy

Filpotinib
- Galapages

Pelivitnu
Astellas

Pacntinib
CTl BioPharma

BMS-911543
Bristo-Myers Squibb

Momelotinid
Gilead

INCB039110
Incyte



100

90

80

70

60

50

40

30

20

10

Tofacitinib efficacy in ulcerative colitis
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Sandborn W, NEJM 2012



Tofacitinib efficacy in ulcerative colitis

Overall Cohort

I
Induction Cohort Maintenance Cohort
I : I :
Plll OCTAVE Induction 1
A3921094; NCT01465763 Nonresponders
10 mg BID N=476 g PIll OCTAVE Sustain
A3921096; NCT01458574
Responders OCTAVE Open (OLE)
A3921139; NCT01470612
10 mg BID N=196 3921139; NGT014706
Placebo N=122 g
10 mg BID N=33 w 10 mg BID N=769
E Completers
S 5 mg BID N=198 and treatment
= failures
Placebo N=48 10 mg BID N=429 T 5 mg BID N=175
R d T
esponders Placebo N=198
Pl Induction
A3921063; NCT00787202 Placebo N=112 Q

PIll OCTAVE Induction 2 Nonresponders

A3921095; NCT01458951



Tofacitinib efficacy in ulcerative colitis

Proportion of patients in remission
R R N N W W B~ b
o U1 O U O UL o U1 o U

WEEK 8 RESULTS
OCTAVE INDUCTION 1 OCTAVE INDUCTION 2
Placebo H Tofacitinib 10 mg BID Placebo ® Tofacitinib 10 mg BID
50
5 %
2 40
S
E 35
P=0.007 2 30 p<0.001
S -;—; 25 e
18,5 qg 20 16,6
S 15
8,2 § 10
§s 36
0
Treatment group Treatment group

Sandborn W, NEJM 2017



Tofacitinib efficacy in ulcerative colitis

Proportion of patients in remission

R = NN W W b bW
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WEEK 8 RESULTS BY PREVIOUS ANTI-TNF EXPOSURE
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Placebo H Tofacitinib 10 mg BID
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25,2
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O .
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Sandborn W, NEJM 2017



Tofacitinib efficacy in ulcerative colitis

w w b D U
i © L1 © U1 O

52

Patients with mucosal healing
B R NN
(@) o

o v

MUCOSAL HEALING
OCTAVE INDUCTION 1 OCTAVE INDUCTION 2
Placebo H Tofacitinib 10 mg BID Placebo ® Tofacitinib 10 mg BID
50
45
<0001 £ 40 p<0.001
31,3 <35
g 30 28,4
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15,6 520
215 11,6
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5
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Treatment group Treatment group

Sandborn W, NEJM 2017



Tofacitinib efficacy in ulcerative colitis

Proportion of patients in remission
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Sandborn W, NEJM 2017



Tofacitinib efficacy in Crohn’s disease

Induction study

- Visits
Week 30 Maintenance study

Induction treatment Maintenance treatment
Screening (8 weeks) (26 weeks)
) A
( | Y
l T T T T T Lo
110 -3 Baseline/ Week 2 Week 4 Week 7 Week 8
woeeks Day 1
Baseline/
Day 1 Folliow-up
* ) 375
o e
&
5 2
Screening § Tofacitinib 5 mg BID " g Tofacitinib 5 mg BID
£ g
[*]
3 £
é Tofacitinib 10 mg BID é Tofacitinib 10 mg BID

Panes J, Gut 2017



Tofacitinib efficacy in Crohn’s disease

Proportion of patients in remission
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Tofacitinib efficacy in Crohn’s disease

Proportion of patients in remission
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Panes J, Gut 2017



Different Tofacitinib efficacy between CD and UC

* Different cytokine mileu between Crohn’s disease and ulcerative colitis

*
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IL-22 IL-21 IFNg IL-17A IL-17F

Paroni M, unpublished

* Role of IL9 and IL22, whose signaling is inhibited by Tofacitinib, in mucosal barrier integrity

* Unknown alterations in microbial ecology of the intestinal mucosa (bacterial, fungal, viral)



Other JAK-inhibitors under study for IBD

Clinical devlopment

Clinicaltrials.gov ID

JAK inhibitor name Target UC ch

Upadacitinib (ABT-494) JAK1 Phase Il Phase Il NCTO03006068, NCT02782663,
NCT02819635, NCT02365649

Filgotinib (GLPG0634) JAK1 Phase Il Phase Il NCT02048618, NCT02914600,
NCT02914535, NCT03077412,
NCT03046056, NCT02914561,
NCT02914522

PF-06651600 JAK3 Phase Il NCT02958865

PF-06700841 JAK1,TYK2 Phase Il NCT02958865



JAK1 inhibitors in Crohn’s disease

Haematopoiesis Th17
Growth differentiation

EPO, TPO, IL-12, IL-23
GM-CSF, GH, IL-3,
IL-5

Tofacitinib
Ruxolitinib
Baricitinib
Peficitinib

Filgotinib
Upadacitinib
Solcitinib
Itacitinib

Acute phase response | | Anti-viral immunity | | Th1 differentiation Lymphoid cell
T cell differentiation Macrophage and maturation and
Lipid metabolism | NK cell activation function
IL-6 IFNa, IFNB, IFNg, IFN-y IL-2, IL-4, IL-7,
IFNK, IFNw, IL-9, IL-15, IL-21
IFNA1, IFNA2,
IFNA3, IFNA4

Decernotinib
R333

Ratio JAK1/JAKZ in Human Whole Blood Assay

30
25
20
15
10

[ |
baricitinib

decernotinib

(VX-500)

tofaciti r%'.q b
(Xeljanz )

Filgotinib
(GLPGD634)



Proportion of patients
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Filgotinib efficacy in Crohn’s disease

Placebo ™ Filgotinib 200 mg

23

Clinical remission (CDAI <150)

25

14

Endoscopic response

WEEK 10 RESULTS

Patients in clinical remission (%)
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60

—@- Filgotinib 200 mg
—— Placebo

Vermeire S, Lancet 2017
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Upadacitinib efficacy in Crohn’s disease

Phase Il - CELEST

Clinical remission at week 16 Clinical response at week 16
70
60 56,8 61,1
50 436 47,2 48,6
40 32,4
27 222 30
callaita
10
~ 1 0 7 1 1 |
EPBO m3mgBID m6mgBID m12mgBID m24mgBID m24 mgQD EPBO E3mgBID m6mgBID m12mgBID E24mgBID ®24 mgQD
0 5
1 41
2 41
>3 14
Vedolizumab 27

Sandborn W, DDW 2017, Chicago IL
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Upadacitinib efficacy in ulcerative colitis

Clinical remission at week 8
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11,5
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Sandborn W, UEGW 2018, Vienna



Safety of JAK inhibitors in clinical trials

Tofacitinib vs. placebo Filgotinib vs. placebo Upadacitinib vs. placebo
(OCTAVE Sustain W52) (FITZROY W20) (CELEST W16)

Any adverse event 72%-80% vs. 75% 75% vs. 67% 76-84% vs. 73%
Serious AEs 5%-6% vs. 7% 9% vs. 4% 8%-20% vs. 5%
dl?secso'stai:iu“agtitoon 9%-10% vs. 19% 18% vs. 9% 3%-14% vs. 14%
Serious infections 0.5%-1% vs. 1% 3% vs. 0% 0%-8% vs. 0%
Herpes Zoster 13 patients 1 patient 1 patient
CV events 2 patients NA 2 patients
Malignancy 3 patients NA 1 patient

Gl perforations 1 patient (ocTAVE induction 1) NA 2 patients



Tofacitinib: Summary of Adverse Events

Herpes zoster (up to 5% in higher dose mainenance arm) — twice the rate
of anti-TNFs and similar to thiopurines

Non-melanoma skin cancer increased (SCC and BCC)
Gastrointestinal performation: risk not increased over placebo

LDL and HDL cholesterol increase (no cardiovascular impact)

* Cholesterol levels should be checked 4-8 weeks after starting
treatment. Should we treat high LDL with cholesterol lowering meds?

No immunogenicity with small molecules

Sandborn W, et al. Gastroenterology 2016



Zoster in tofacitinib-treated RA patients: a manageable issue

Action taken

50

45

43,1

40

35

30

25

Patients (%)
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10 8
6,1

5
0,8
0 E——

Permanently Stopped No action Reduced Unknown
discontinued temporarily taken dose




Changes in LDL are reversible with statin therapy

Mean (SD) (mg/dL)

- Atorvastatin + tofacitinib 10 mg bid
[0 Placebo + tofacitinib 10 mg bid

LDL cholesterol
180 -+ -

160 -
140 -

120 -

100 4 -1

60 - 4

—

40 Tk el Feirurlurimry = ABirwariLele ohis v
| I I | I I I I 1

Screening 0 2 4 6 8 10 12
Week

Mean (SD) (mg/dL)

Total cholesterol
300 - . | .
280 - LT
260 - T
240 - '
220 -
200 -
180 -
160 -

140 A—r—t—r—r——r——
Screening 0 2 6 8 10 12
Week
Mclnness IB, et al. Ann Rheum Dis 2014




Apremilast mechanism of action
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% clinical remission
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Apremilast efficacy in ulcerative colitis

N=170

31,6

21,8

13,8

M Placebo M Apremilast 30 mg BID  m Apremilast 40 mg BID2






