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Approved Biologic Therapies in IBD:
Efficacy, Clinical Trials

CHARM - Adalimumab

60.0%
42.0%
l . 25.2%
| |
Week 4 Week 54 Overall
Response Remission Remission
Week 54

GEMINI Il - Vedolizumab

37.5% S
B
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Response Remission Remission
Week 52

VDI Q4w or Q8w for maintenance
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ACCENT | - Infliximab

58.5%
28.5%
x 16.7%
| i e
Week 2 Week 54 Overall
Response  Remission Remission
Week 54
UNITI-2 - Ustekinumab
58.0% 62.5%
l . N
Week 8 Week 50 Overall
Response Remission Remission
Week 50

Ano Fiocchi, ECCO 2018




Novel Biologic Therapies in IBD:
Efficacy, Clinical Trials

Novel Targets and Therapies in IBD
30:60 rule = 30% remission:60% response

Ao Regueiro, Personalized Approach to IBD: Treating to Target With New and Emerging Therapies, AIBD 2019



One Size fits all?

Patientswith mild
Crohn's disease

m Patientswith severe
w Crohn's disease
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Accelerated step-up approach

Prognostic
biomarkers

[ ]
: w i
I.l
Top-dor h
Op-tloin approac Predictive
biomarkers
v v v
Anti-TNF Anti-integrin Anti-IL-12 and
therapy therapy 23 therapy
‘ Response ‘ | Response ‘ | Response |

Noor, Lancet 2020



IBD Heterogeneity

IBD 1, IBD 2,
IBD 3, IBD 4,
IBD 5, IBD 6,
IBD 7, IBD 8...




IBD therapy 2020: Trial and Error

afq!hinrl[.k'lp inflixirab vegdolizumab

Ao Vermeire, ECCO 2020



IONE Oepaneia 2020

* [loAAaTAEC BeparmeuTIKEC ETILAOYEC!
*  Yrno-BEAtiotn AMOTEAECUATIKOTNTAL:
-anti TNF primary non response 30%
-anti TNF secondary loss of response, immunogenicity
* [lopeveEpPYELEC...

* Kootog...

* Etepoyévela

* Undertreat aggressive disease...

* Qvertreat mild disease...

* Diagnostics

e Stratification

* Prognosis

* Prediction



The Monty Hall Problem:
Let’s Make a Deal!

Door 1 (1/3)

Dooar 2 (1/3)

A

i,

Door 3 (1/3)

First guess (1/3)

Remaining odds (2/3)

First guess (1/3)

A

Door 2 (2/3)

Door 3 exposed (0/3)

e [ |

A

Friedman, JC| 2011
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Predictors of Response:

Patient related, Disease related, “Others”...

(A) (B)
Predictors of response in Crohn's disease Anti-TNF alpha | Vedolizumab | Ustekinumab Predictors of response in ulcerative colitis | Anti-TNF alpha | Vedolizumab
Patient-related factors Patient-related factors
Young age at initiation Young age
Smoking High BMI
High BMI Disease-related factors
Disease-related factors Severe disease activity at induction

Shorter duration of disease

Severe disease activity at induction

Complicated phenotype (stricturing, penetrating)

History of intestinal resection

lleocolonic disease

Elevated inflammatory biomarkers

No recent hospitalisation (12 months)

Treatment-related factors

Early response

Mucosal healing

Tow trough level of biologic

Anti-drug antibodies

No prior anti-TNF exposure

Concomitant steroid use

Concomitant immunomodulator use

Others

Genetic: Fas-ligand-843 TT, caspase-9 93 CC/CT

Microbiome: higher alpha diversity

Disease extent

Elevated inflammatory biomarkers

High hemoglobin at baseline

Low serum albumin

pANCA +

Treatment-related factors

Early response

Mucosal healing

Low trough level of biologic

Anti-drug antibodies

No prior anti-TNF exposure

Concomitant steroid use

Concomitant immunomodulator use

Others

Genetic: high expression oncostatin M, TNF

[] Insufficient data or controversy

] Not examined

Barre, APT 2018



Nooog tou Crohn:
H evtonion w¢ npoBAENTIKOC TAPAYOVTOC

Response to Different Biologic Agents - lleal vs. Colonic CD

Group by Study name
Drug

Sandbom 2011
TNFi
CERTIFI
UNITI-1
UNITI-2
IM-UNITI
Ustekinumab
GEMINI-I
GEMINI-M
Vedolizumab
OVERALL

Risk Lower Upper

ratio

0.71
0.71
1.02
0.62
0.68
0.46
0.68
1.26
0.62
0.82
0.70

limit
0.41
0.41
0.58
0.29
0.46
0.26
0.50
047
0.30
0.42
0.55

limit
1.20
1.78
1.30
1.02
0.83
0.92
3.34
1.28
1.60
0.90

Events | Total

lleal CD
16/62

15734
8137
21749
13750
571170
6137
8129
14 /66

8717298

Colonic CD
23/63

23763
13730
14740
27743
13723

671136

8/62
12727
20/89

1101288

Risk ratio and 95% CI

01 02 0.5 1 2 5 10

Inferior Superior

Dulai, CGH 2019



Should We Divide Crohn’s Disease into lleum-
Dominant and Isolated Colonic Diseases?

EPIDEMIOLOGICAL ASSOCIATIONS

ElMs more often

EIMs more seen in colonic CD
oftenin
smokers . Colonic CD less often associated with
4 Colonic
except PSC EIMs D stricture/penetrating course

Higher prevalence of smokers in ileal CD, and
smoking has negative effects disease course -
ing ganvi I u Smoking Gender Female predelnance

in colonic CD

lleal CD consistently associated lleal CD Disease

Higher prevalence of smokin
with development of complications Course B &

in female CD, and smoking in
Diagnosis female CD more pronounced

negative effect on course
Poor symptom

correlation inileal CD and
delayed diagnosis more
often seen in ileal CD

Delayed diagnosis associated
with negative disease course

DISEASE PATHWAY ASSOCIATIONS

NOD2 and ATG16L risk alleles associated with abnormal )
Paneth cells, reducing autophagy during stress NOD2 genotypes influence microbial
composition, and ATG16L1 risk allele influences

Impaired autophagy results in reduced bacterial species in inflamed ileum

bacterial clearance, and autophagy has been Autophagy

Different microbial composition in
linked to regulation of intestinal IL-23 ; ) I e I

Microbiome ileal vs. colonic CD, which is
Cytokines associated with clinical outcomes
High bacterial load to <k
BT SURTA BN P Leukocytes Increased expression

sub-unit IL-23/Th17 axis highly of aE in ileal CD

expressed in ileal CD
ak* T cells produce more

proinflammatory cytokines

Dulai, CGH 2019



Development and Validation of Clinical Scoring Tool to
Predict Outcomes of Treatment With Vedolizumab

Ulcerative Colitis Crohn’s Disease

Disease duration No prior Baseline endoscopy Baseline albumin . . . . .
22 years TNF antagonist moderate activity concentration The CDST is calculated using the following five variables:
. ) . +0.65 points
+3 points +3 points +2 points per unit (g/L)
50 - No prior bowel surgery (+2 points).

Probability of response with VDZ No prior TNF-antagonist therapy (+3 points).

w Low probability, VDZ-treated . - .. . .
40 1 = Low probability, TNF-antagonist-treated N O prior fISt u IIS Ing d Isease {+2 pol nt S) '
Intermediate probability, VDZ-treated
, TNF antagonist-treated
= High probability, VDZ-treated

Baseline albumin (+0.4 points per g/L).
Baseline C-reactive protein (-0.5 points if 3.0-10.0 mg/L; -3.0
points if >10 mg/L).

LA .

s High probability, TNF antagonist-treated

Patients with a score of 13 points or less are classified as low

Outcomes after 26 weeks of VDZ (%)

probability, >13 to 19 points as intermediate probability and >19

‘ . . .., 13
Corticosteroid-free clinical and Colectomy points as high probability.

endoscopic remission

Dulai, CGH 2020 Dulai, APT 2020



IBD Holy Grail
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. The Bench to Bedside Abyss




No Association of response to Infliximab with -308
TNF Gene Polymorphism in Patients with Crohn’s

Table III: TNF-a levels (pg/ml) expressed as median and range before infliximab treatment according to

response to treatment
Responders Non-responders
Whole group of patients (109 responders/44 non-responders) 14 (10-314) 14 (10-90.9)
15.2 (10-314) 10 (10-32.6)*

Luminal Crohn's disease (60 responders/25 non-responders)
Fistulizing Crohn's disease (49 responders/19 non-responders)

*P=0.06.

Table IV: Allelic and genotype frequencies (%) for -308 TNF gene polymorphism according to response to

13 (10-242) 21.6 (10-90.9)

infliximab treatment

TNF1 TNF2 TNF1/TNF1 TNF1/TNF2 TNF2/TNF2
Responders (n = 158) 85.8 14.2 73.4 247 1.9
Non-responders (n = 56) 78.6 214 62.5 32.1 54

Louis, Scand J Gastroenterol 2002



Predictive Gene Signature of Non Response to
Infliximab in IBD Colitis

Mucosal gene expression to predicting response to infliximab BDE)

5-gene signature predicts
(non)response to IFX in colitis

IL13Ra2
TNFAIPG
5100A8
L1l
GOs2
S100A9

Ellu'ii-!i:i!.!-lliiiq

UC cohort A & B CD colitis

Arifs | &l al, Gut 2009,
Ans | et al inflamm Bowed Dvs 20107



Mucosal IL13RA2 expression predicts nonresponse to
anti-TNF therapy in Crohn’s Disease

AIL13RA2 exmﬁm B L 13ARAZ exprimsn € IL 13RA2 sapression
o e Do oF C D pateedn ol e e i Bapaas, of C[) pursnis eanng AR
in muscosal blopsies of CO patients bakone and after infliximab rstiabon :
Ll

Retative mRNA expression

Muscosal healing 5 :
B e o1y E ¥
¥ ) T L !
ANz IF X @iidis e el . . L ,_h_'
infliximab adalimumab vedolizumab

Verstockt B et al. AP&T 2019; 49; 572-81



High Mucosal Oncostatin M Predicts
Primary Non Response to anti TNF Antibodies

a 64 candidate cytokines (o OSM OSMR LIFR IL6ST
__p=00001 —pe0oon__ p=0.35
IBD versus healthy control: 2 ‘g“;. i3 <0.0001 - umz_o 200008 i p=00106 4 %
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i \ 25
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West, Nat Med 2017



High Mucosal Oncostatin M Predicts
Primary Non Response to anti TNF Antibodies

Cytokines

Heerarchical clustening

of chemokineg and
cytokine genes

[n=2 IBD cohorta)

Vo

Identify consistantly

05M-associated \\*

genss

Chemokines
B uc. remission (n=8 pra, n=6 post)
D UG, partsl response (=15 pra, n=11 post)
B uc, refractory (7 pre. n=6 past)
12 12q L0000
<0001
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§ 8 g 8
e [ g B
) p=0.82 T o
= =10 =
b4 2
i} 0
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. UG, remission (n=8 pre, n=6 post) ] UC, refractory (n=7 pre, n=6 post)
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West, Nat Med 2017



% of patients in
biochemical remission
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Elevated Pretreatment Plasma Oncostatin M
Is Associated With Poor Biochemical Response to
Infliximab
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Minar, Crohn’s and Colitis 360, 2019



Phase Il with Biomarkers: Etrolizumab

# PBO ! Etro 100 mg Etro 300 mg

o]
=]

Anti-TNF naive All patients | Anti-TNF naive
67 67
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13 16
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Gene expression baseline aE+ cells baseline
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Vermeire S et al, Lancet 2014




Phase Il with Biomarkers: Etrolizumab

* PBO ? Etro 100 mg Etro 300 mg

All patients | Anti-TNF naive All patients | Anti-TNF naive
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Tew GW et al, Gastroenterology 2016



Baseline plasma cell proportions are predictive
of anti-TNFa non-response

Responder

B c D
100 100
80 80
=
g 60 60
Z
2 40 40
©
n
20 20
0 0
100 80 60 40 20 0 100 80 80 40 20 0 100 80 60 40 20 0
Specificity (%)
Predictor == Inflammatory macrophages == Plasma cells
Score = Pathologist ===Quantification

Gaujoux, Gut 2019



TREM-1 expression in blood predicts anti-TNF
non-response at baseline in Crohn's patients

A B
TREM1
L 10

11.6 0 |
igv 80
gﬂ.z =
@ >.60
w oy e
g E
e =
%10.8 %40
[4h) w
S
O . 20

10.4

0

100 80 6'0. _4'0 20 0
8 Non-responder

Gaujoux, Gut 2019



Relative TREM1 expression (normalised to beta-actin)

Low TREM1 expression in whole blood
predicts anti-TNF response in IBD

Triggering Receptor Expressed on Myeloid cells 1

‘ Endoscopic remission
‘ No endoscopic remission

w

Crohn's disease Ulcerative colitis

n= 24 n= 30

Verstockt, Ebiomedicine 2019



No association between baseline whole blood and mucosal
TREM1 expression and endoscopic remission in
vedolizumab or ustekinumab treated patients

A TREM1 expression B TREM1 expression
in whole blood of IBD patients initiating vedolizumab therapy in whole blood of IBD patients initiating ustekinumab therapy
§ NS. £ NS,
8 §
£ 3
4
3 g
=
g 3
T T
;
c [ =
-]
] g
g2 s
$ L
=
3 3
E E
e | F |
% g
& ¢
Yes No No
=28 n=23
i ion at er i it Endoscopic remission at endoscopic assessment
C TREM1 expression D TREM1 expression
in mucosal | biopsies of IBD pati initiati dolizumab therapy in mucosal biopsies of IBD patients initiating ustekinumab therapy
NS. NS,
! . 1000 ! -
1500
w ©
E E
g 1000 2
=
E e
E - g -
| I—I—I R E— [—‘—\
L ] a T
s No Yes
30 T
Endoscopic remission at endoscopic assessment Endoscopic remission at endoscopic assessment

Verstockt, Ebiomedicine 2019



In vivo imaging using fluorescent antibodies to tumor
necrosis factor predicts therapeutic response in
Crohn’s disease

v =]

High-resclution endoscopy Molecular imaging v wivo

r
Z
Cl'-l

Inflammiatory score

High mTNF

n Low mTNF High mTNF High mTNF
E Before therapy After therapy
E jor} 1]
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§ SEESR 3 L
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) . _ O o E L% (=] o
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0! o 20
Mo response Response 10
4]

All patients Low mTNF High mTNF

Atreya, Nat Med 2014



Molecular imaging of mucosal a4f7 integrin
expression with the fluorescent antiadhesion
antibody vedolizumab in Crohn’s disease

FITC-VDZ

Rath, GIE 2017



Gut microbiome function predicts response
to anti-integrin biologic therapy
in Inflammatory Bowel Diseases
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Ananthrakrishnan, Cell Host Microbe 2017



Higher baseline serum concentrations of IL22 were
associated with greater likelihood of response to
MEDI2070 (Antibody Against Interleukin 23)
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Clinical response rate
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Sands, Gastroenterology 2017
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Proportion without

treatment escalation (%)

Patients

Gene expression profiling of CD8* T cells predicts
prognosis in IBD patients

Crohn’s Disease
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Biomarker Based Therapy

PRedicting Outcomes For Crohn's
disease uslng a molLecular biomarkEr

Enrolment with active CD
(n=416)

Biomarker assessment

(n = 208)

+ Newly diagnosed CD (within 3 months)
* Active disease
+  Not onimmunosuppressive therapy

PAX2

(n = 208)

Randomise 1:1

Randomise 1:1

Step-up
(n=104)

Top-down Step-up
(n=104) (n=104)

I EE—
Top-down
(n=104)




Azathioprine Pharmacogenomics

Thiopurine Metabolic Pathway

Prior to initiation:
TPMT activity (>genotype*)

6-TU

6-TGN =%> DNA

1

P I— 6-TImP
[
eV
MP | 6-MMP
I . .
* ; . 1  ribonucleotides
NUDTI_S geNe va riant: Cirf:ulation 1 Intracellular
Thiopurine-related myelosuppression
in IBD and ALL. Homozygous patients:
Tolerated ~ 8% of thiopurine dose
Yarur Al et al, World ] Gastroenterol 2014 Yang, 5K, et al, Nat Genet 2014
Kopylov U et al, Ann Gastroenterol 2014 Yang, JJ, et al, J Clin Oncol 2015
Seinen ML, et al, J Crohns Colitis 2013 Chao K, et al, PO96 ECCO 2017

Friedman A, et al, Gastroenterology 2015
Yarur A, et al, Clin Gastroenterol Hepatol 2015

RNA

Following initiation:

» >230 pmol/8 102 RBCs
increased efficacy

» >400 pmol/8 102 RBCs
increased myelosuppression

» >5700 pmol/8 108 RBCs
3-fold risk of hepatotoxicity




HLA-DQA1*05 carriage Associated with development
of Anti-Drug Antibodies to Infliximab and adalimumab
in Patients with Crohn’s Disease

100%

80%

60%

40%
DQA1*05
0 copies
—— 1 copy
—— 2 copies

20%

% with no anti-drug antibodies

0%

0 100 200

Number at risk
0 copies 752 626 478

1 copy 410 320 216
2 copies 75 57 38

300 400

Days
361 216
137 90
25 18

500 600 700

173 133 119
16 9 6

Sazonovs, Gastroenterology 2010



Precision Medicine in IBD?
Big Data, Machine Learning, Systems Biology

Big data sources Big data analytics

Electronic health records Database management

*  Clinical characteristics » Relational databases

= Patient questionnaires *  Cloud storage

+  Disease scoring reports

+  lifestyle (Diet, Smoking, etc)

*  Laboratory reports
Artificial intelligence
*  Language processing

Imaging technologies *  Machine learning

*  Endoscopy *  Unsupervised learning

= CT Enterography o Clustering (e.g. PCA]

* MR Enterography = Supervised learning

+ Gl ultrasound o Classification and

*  Histopathology regression [e.g. RF}
+  Daep learning

High throughput omics data

* Genomics

= Epigenomics Systems Biology

= Transcriptomics = EBlological netwerk

*  Proteomics constrsction

*  Metabolomics = MNetwork aided multi-omic

= Metagenomics data integration

Precisi dicine in infl; y bowel disease
Patient Biomarker Patient Improved Drug response Improved
profiling investigation stratification diagnosis prediction prognosis

-

Personalised therapy in inflammatory bowel disease

Pidie (=] #4044
E144 I
phiie == peeebd

Tabib, Gut 2020



Personalized Medicine-OMICS Pitfalls

Observational, Retrospective, Weak Associations, Lack External Validation
Subjective Response (Clinical, Biochemical, Mucosal Healing, Histology)
IBD Subgroups: UC vs CD, ileal vs colonic CD, bionaive vs bioexposed, etc...
Tissue Biopsy, Blood, Stool, Urine?

Genetics: Susceptibility # Prognosis

Transcriptomics: Bulk, Single Cell, Parameters > Samples

Financial Support, Academia-Industry, New Drugs vs Theragnostics
Interpretation, Training, Cost, Diffusion

Big Data vs Basic Research: Causality

Breakthrough...



Hepatitis C:
The IL28B polymorphism was discovered too late to significantly
impact clinical practice in the new era of DAA therapy

Table 3 Factors associated with NVR by logistic regression model

Factors Odds ratio 95% ClI Pvalue
rs8099917 (G allele) 37.68 16.71-83.85 <0.0001
Age 1.02 0.98-1.07 0.292
Gender (Female) 3.32 1.49-7.39 0.003
Re-treatment® 1.12 0.55-2.33 0.750
Platelet count 0.93 0.87-1.01 0.080
Aminotransferase level 1.00 0.99-1.00 0.735
Fibrosis stage?® 1.10 0.73-1.66 0.658
HCV-RNA level 1.01 0.99-1.02 0.139

#Re-treatment, non-response to previous treatment with interferon-a (plus RBV).

Tanaka, Nature Genetics 2009



MeA€tn SONIC:
Bionaive, Nococ Crohn, Zuvduvaopévn AvoooKataoTtoAn
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SONIC refined:
CRP, Evéookormikn Evepyotnta
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SONIC more refined:
TDM, Therapeutic Drug Levels
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Early Intervention Crohn’s Disease

100 - )
PRECISE 2*
<1vyear?
v
3 SONIC2
= 80 =2 years
o DIAMOND?®
1

2 SuTD SONIC?
m —
C X
9 < 50+
[ ]

-
A =
€0 PRECISE 2* PRECISE 27 CHARM®
2 a s
c o 25 years ACCENT 14
- £ 40 CHARM
i 2-5 &
5 \Irears
=]
s

20

(o]
(&)

0 1 2 3 4 5 6 7 8 9 10
Disease duration (years)
1. D'Haens G, et al. Lancet 2008;371:660-67; 2. Peyrin-Biroulet L, et al. Gut 2014,63:88-95; 3. Lémann M, et al. Gastroenterology 2006;130:1054-61;

4. Hanauer §, et al. Lancet 2002;359:1541-49; 5. Colombel JF, et al. Gostroenterology 2007;132:52-65; 6. Schreiber S, et al. J Crohns Colitis 2013,;7:213-21;
7. 5chreiber §, et al. New Eng J Med 2007;357:239-50; 8. Schreiber S, et al. Am J Gastroenterol 2010;105:1574-82; 5. Matsumoto T, et al. J Crohns Colitis 2016 Aug 26 [Epub ahead of print]
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The three pillars of IBD care

Change the
course of IBD

Early intervention l
Treat to target |
Tight control

Patient communication

Colombel JF, et ol Gostroenterology 2017, 151 351-61



OykoAoyia:
Metaotatiko¢ Kapkivog Maxéog EviEpou

Median OS improvement,
months
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1. Saltz LB, et al. J Clin Oncol. 2008;26(12):2013-2019; 2. Douillard, J-¥, et al. J Clin Oncol. 2010;28(31):4697-4705; 3. Van Cutsem E, et al 2011;22(7):1535-1546; 4, Van Cutsem E, et al, f Clin Oncol, 2011;29{15):2011-2019; 5. Douillard I, et al. N EnglJ Med. 2013;369(11):1023-1034;

4 Clin Oncol. 2011:29(15): 2011 -2019; 4. Van Cutsem E, et al. J Clin Oncol. 2012;30(28):3499-3506; 5. Bennouna J, et al. Lancet Oncol.
2013;14(1):29-37; 6. Giantonio BJ, et al. J Clin Oncol, 2007,;25(12)1539-1544; 7, Peeters M, et al. J Clin Oncol . 2010;28:4706-4713; 8.
Grathey A, et al. Lancet. 2013;381,303-312. Van Cutsem E, et al. ESMO 2014

6. Heinernann V, et al. J Clin Oncol. 2013;{suppl 31):abstract LBA3S06; 7. Falcone A, et al. J Clin Oncol. 2013 ;{suppl 31):abstract 3505,

Choose, Optimize, Sequence and Refine Therapy...

Aro Grothey, ESMO GI 2019



MpoBAEnovtac tnv Ospanevutikn Avtanokpion:
DX 4 TUE o 1o ORI 1 Y § Is  To

Today

Tomorrow

Patients

Gene expression profiling of CD8+ T cells

Patients

Shegel €, vl ol. Aliment Pharmocol Ther 2011 ond 2016 Lee, ef ol J Clin invest 2011, Bigsci D of ol. Gut 2019,

Arnté Colombel, AIBD Regionals 2019
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