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FAILURE RATES AND REASON FOR CHANGE
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- Phase Il and Phase III|
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a Reason for failure 2013-2015
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B Commercial
& | Efficacy

Operational

[ Safety
(%) Strategy

mARISERIRSY 2 FETRrERY A ST | BnEREREH

mARILIEAIREEBE —HRERET "REE0E"

b Percentage failure by therapeutic area

4] Oncology
Central nervous system
Musculoskeletal

H Infectious dizease

B Cardiovascular

O Alimentary
Metabolic

B Other

Nature Reviews Drug Discovery 15, 817-818 (2016)
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a Reasons for lack of clinical efficacy

Target linkage to disease not established
or no validated models available

40 (18)

Dose limited by compound characteristics |
or tissue exposure not established

29 (13)

Indication selected does not fit
strongest preclinical evidence

20 (9)

Evidence from previous
phase not robust enough

11 (5)

‘ T T ]
0 10 20 30 40 50

Percentage of all reported reasons (total number of projects: 28)
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Probability of success tom

Nature Reviews Drug Discovery 15, 817-818 (2016)
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BIOMARKER ROLES WITHIN CLINICAL
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Journal of Health Economics, DiMasi, Joseph A, Grabowski Henry G & Hansen, Ronald W.
“Innovation in the Pharmaceutical Industry: New estimates of R&D cost.” 47 (2016) 20-33.
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= Patient Selection

- Cortellis has indexing for Age/Sex/Race and Healthy Volunteers

. There is also indexing on biomarkers being measured within trials, and specific gene variant indexing within the
patient segmentation

3500 raculte faund fn thunartansiant with fifarfct annliad: Lunaransion ana
SHOW ALL FILTERS L]

8 )

N 9

]

| phase = [0 Healthy volunteers accepted (802) N

Recruitment Status
Crganization Type
Action

Class

Start Date

End Date

Primary Endpoint Completion Date

City
State/Province/County
County

Region

Calegory

Design

AgelRaceiHealthy Volunteers

Cortellis

ment

[ Male (305)

() Adolescents (13-17 yrs) (142)
(J Children (6-12 yrs) (115)

([ Asian Ancestry (114)

() Female (108)

() African Ancestry (70)

|_Pracchanl Childran (7.5 ure (72}

Results

Hypertension - Subjects wilh Primary/Essential Hypertension
Hypertension - Subjects with Primary/Essential Hypertension - Subjects with stage 1 (JNC 6) hypertension
Hypertension - Subjects on Hypertensive Treatment
Hypertension - Subjects with Primary/Essential Hypertension - Subjects with stage 2 (JNC §) hypertension
Hypertension - Subjects wilh Primary/Essential Hypertension - Subjects with systolic hypertension
Hypertension - Subjects with Primary/Essential Hypertension - Subjects with stage 3 (JNC §) hypertension
Hypertension - Treatment Naive Subjects

Nen-insulin dependent diabetes - Subjects with comerbid conditions - Subjects with hypertension

Hypertension - Subjects with comorbid condtions - Subjects with type 2 diabstes melitus

Powering Life Sciences Innovation

Biomarker

3587 results found for "hypertension’ with filter(s) applied: Hypertension

Results

Blood pressure
Systolic blood pressure
Diastolic biood pressure
Heart rate
Glucose
Creatinine
Total cholesterol
High-densily lipoprotein cholesterol
C-reactive protein
Low-density lipoprotein cholesterol

Hemoglabin A, glycosylated

Visualize your results ranked by one
ofthe criteria listed in the menu,
optionally selecting the number of

data lines. Click GO to create the
chart

Y-axis
Patient Segment v

Number of data rows
Top 10

® Top 20
Top 30
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Systems Modelling Approach to Understanding Disease

Isolated Sets of Information Integrating Diverse Information—

create a fragmented picture of disease. commonly referred to as “Big Data”—
can create a more complete picture of disease.

Long-term
Patient
Outcomes

Biomarkers
of 'ase

Biomarkers

', ---------- - ﬁ%

Long-term
Patient
Outcomes

Environmental
Influences

Cortellis 2 Clarivate
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‘| Why Most Published Research Findings
i Are False

John F. A loarnidis

4 PlosMedicine, 2005

NIH plans to enhance
reproducibility
Francis . Collins and Lawrence A. Tabak discuss
initiatives that the US National Institutes of Health

is exploring to restore the self-correcting nature of
preclinical research

2005

% Studies in in-house

projects reproduced at Bayer
(Oncology, Women’s Health,
Cardiovascular)

B Inconsistencies

[ Not applicable

[ Literature data are in line with in-house data
B Main data set was reproducible

B Some results wers reproducible

Prinz etal, Nat Rev Drug Dis, 2011

Cortellis

Powering Life Sciences Innovation

43 (65%)
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Eﬁﬁﬁ%ﬁﬁﬂ?—’iﬁ , (BWsm
- ?t%ﬁ?& ( significant) ,

- BURETISE (reliable) |,

- 5514 (reproducible) .

2015

Risk factors for high false-positive rates:
(RS IHREAZS Underpowered studies;
BREHA/N Small effect sizes;
Low pre-study odds;
AZRigIH/9o#r Study design/analyses;
F#E$2E Biases and conflicts of interest;
Bandwagon patterns;
T#=5&1E Lack of collaboration.
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Powering Life

S of microarray-based predictive models. Nat. Biotech., 2010

08

08

0.4

0.2

23

H E’g &*L\‘—Bﬁm RNA{EAEYRSHIRY

i3I8 : FEmMRNAZURYS FEYMFTIH

B (BN ) #iT8FEE

GZR

- TUNSERBEATRE

. YERAT KE" EUEET , 8
=] %%\EE’\J%%

. AEEEFEAREN "BERIESUS
fiE"

- AEEREEEIEXEEESER

~-
B EEEI—EL

2 Clarivate
Analytics

IESUSIEEES



EPFEYIRIE S IE(EHE
/\

KI c Disease sample N
R B l
| 58 o B
1 g% :
2% 1
. .E'. 2 '2 Normal sample I
! x @
*N WE oo mmomomemmemommoe--. I
— 1
E : Time 1
c! == :
S‘: Disease progression |
' I
" 1
" 1
1 '
‘ B =
" : 10
@ Molecule — Interaction : E
L) | @
1 A
! 1
A 1
! 1
! 1
: 1
1
: Normal sample Disease sample |
|
: Red dys egulated !
S A Green:norma :
|
8, |
m! |
5 : A Normal sample ‘ Disease sample | 1
- - A
1A B A ‘ ‘~ \ 1
! AAAAALY 0. '
1
. 1A akA 4 o, 0“‘ 'S
1 1
" NALA A, “ S
1 1
I ] E
Corte"is : Expression level :

Powering Lite Sciences innovation Chen et al, Journal of cellular and molecular medicine. 2015

24

» BT D FEYIRESD

Single or a group of several markers
that are static indicators on the
disease state;

B) I EENIFRESD

Subnetwork biomarkers

Integration of knowledge on protein
annotations, interactions, and
signaling pathways, are static
measurements on the disease state;

OTISMEEYPTRCH)

Dynamic network biomarkers

» Providing dynamic measurements
on the disease state within a
systems biology framework.
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Expression profiles [~ N [ - IR

( ‘omics’ ) of a Seeds integrated

disease phenotype 7 o e into the

(time to relapse) acrle T o constructed

obtained as ’'seeds’ o \ : :
\ rotein network;

of the disease module; e’ P

\. Seeds OmicsdatJ ; Iv::zlr:cc:llzn PPI network/

Subnetwork
identification
l GIRRN I il el TN

SRIEXFREMREN IR a O\ S
BHTOHFFRRE s | e S Disease pathways or
Phenotype-associated Saha 88 gl levok | (@ .me,wo,“ modules and
subnetworks and/or '\\2;‘:{‘,"“\?&:::0/ shg et subnetwork
pathways are then ol . s @5 S biomarkers associated
scored, ranked and Networkscore :;,mg = | with time to relapse
identified; e —" . T s/ are identified.
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EGF
N N
7 7
\ EGFR
i HFIEENER RtE NETWORK {85 PATHWAY
PUBLICATIONS ~ 1,500,000
MOLECULAR molecular ~ 3,000 pathways
(146 for. EGF-EGFR INTERACTION interactions
interaction)
Pathway knowledge
Statistical Pathway-d riv“
approaches approaches -

*Manual annotation from publications
*Team of PhDs, MDs
*More than 10 years

Cortellis

Powering Life Sciences Innovation
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SFIBISIRZEER Molecular Subtypes

Pkik S BI#R CHALLENGE & AIM
° Challenge: Multiple Sclerosis is a heterogeneous disease
Aim: Identify disease subtypes and biomarkers for the subtypes

o

fRIRF3ZR SOLUTION
°  Statistical and Pathway analysis of OMICs data
Input OMICs data: CLIMB longitudinal study - gene expression profiles from ~200 multiple sclerosis patients

o

£58 RESULTS

° 3 molecular subtypes of patients significantly associated with disease prognosis
Disease prognosis biomarkers

Validated on Independent Cohort

]

]

Johen Veterans

Cortelligioscience 2 Clarivate
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Robust signature using expression data alone could not predict relapse

Cortellis
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Probability of Relapse

Test set survival plot. Gene based features.

Cluster1
—— Cluster2
Cluster3

50

100 150 200

Time
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m Training set heatmap with risk groups. 13 features.

Training set survival plot. 13 features.

—— Clustert
Cluster2

BT

Array

Probability of Relapse
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Features Time

Cortellis 2 Clarivate
Powering Life Sciences Innovation Analytics



MS FimiE s ERYTRIA

i [wmwwaiwamummcrma«am

¢
v
teenz
of ransiation  Reguiation

Intiaton activty of EIF4F

Rogulaton

)

Cortellis

Powering Life Sciences Innovation

31

Extracelular
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Targets for MS drugs | N o
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L o o
/ o e Nuclens
Y.
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Y
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B9 AIM

- Build an analytical pipeline for identification of drug response biomarkers from cell line data for further clinical trial design.

£558 RESULTS
- A PLSR-based analytical workflow
o BIAEHRE | BREERESIEIAR A RMRRICS0LE

Input: baseline gene expression and post-treatment IC50 data for cell lines

- itk - ESYIEREYIREY

Output: drug response biomarkers

O8I . Validation of the pipeline (Li et al, 2015)

- Identified drug response biomarkers for Erlotinib starting from gene expression and IC50 data for 240 cell lines
(OncoPanel)

- Validated the biomarkers on patient data from BATTLE clinical trial (84% accuracy).

2 Clarivate

rUwWely Lie OuIeriLes Innovation Analytics
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[CigEErYIgE

Trained Erlotinib sensitivity model on cell line data
- Built a PLSR model with 94% accuracy, 191 genes
- Signature was filtered using pathway information
- Functionally connected signatures genes retained in the model

Ricerca Oncopanel cell based assay:

Head_and_Neck
naemow»euc,a_’
nd_lymphoid

\-rmne_eu_ome:

AUC

Q R

@ R

06

05

181 BATTLEIGFRIA IS AR BIRY R

Tested Erlotinib sensitivity model on patient data from BATTLE clinical tri
- 84% accuracy and se

ATP

®
o

© o

C)

parating sensitivity and resistant subgroups

FN

PFS (month)
3

P °

. 0.0 05 1.0 1.5 20 25

rowWelIY LIS OUICHILED Innovation

Proportion of Cases

00 02 04 06 08

P = 0.09
HR= 0.43
95% Cl: 0.16-1.14|

Monthes from Start of Therapy

POIK reg dass A PUK reg cass @
*

PUK caf class 8

PIIK cat class 1A

AMPLIFICATION |
Bdinsd 4, $)P8

Prdinsid S)P2

ERK1/2 and MIX
and actrvates the pathways
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' PI3K signaling '

SENSITIVE !
PATHWAYS

¥
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[CigE e 5Fh%H ErIBURIETT ( GEORFFEIE )

Results- Predicted percentage of Erlotinib and Sorafenib sensitive samples for some cancer indications from
Gene Expression Omnibus datasets.

Cancar Type Numbser of samples Pred. Erlolinib Sen. percentage Pred. Soralenib Sen. perotntige
FOA approwved Erfotinib or Sorafenib indications:

Lung Cancer i 15.81 0.61
Livar Cancer &5 0,00 .76
Kidnay Cancer 218 046 24,77
Additional indications:

Head and Meck Cancer 168 9405 12.50
Bladdar Cancar 102 41.18 382
Agute hymghoblastic kmukemia 516 4.26 64,73
Diffuse Large B-Call Lymphomsa 816 245 30,51
Acube myeboid bukamia 1118 045 15.74
Multiple eryeloma 596G [i] 2r.m
Brone Cancer & 0.00 20.55
Breast Cancar 1668 564 6.47
Colonsctal Cancar 48 o1 0.21
Pancreatic Cancer 75 0.00 133

Tha pradictiva models wara darived from call line Oncopanel axprassion data. Patient data normalization ks described in the result section.
o 10,137 Vicurmal. pone 0130700 5001

Li B, Shin H, Gulbekyan G, Pustovalova O, Nikolsky Y, et al. (2015) Development of a Drug-Response Modeling Framework to
Identify Cell Line Derived Translational Biomarkers That Can Predict Treatment Outcome to Erlotinib or Sorafenib. PLoS ONE
10(6): e0130700. doi:10.1371/journal.pone.0130700 . e
http://journals.plos.org/plosonefarticle?id=info:doi/10.1371/journal.pone.0130700 @PLOS ‘ ONE
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---Cortellis CTI IGFRIXISEUERE

A\

— » 260,000%2H93E
(RS )

- = mmm——— | 2 -%%%%\EW%\EW%W\EWHE
. 314 oooz/\%ﬁ@/\i

- A
« 240,000 lIm = ZER
[ ]
al B iE r ~\ ==
» CT.gov- US + NTR - Netherlands S I r-‘-\
» EudraCT- EU + CRIS - Korea }._:‘ [ ] gm
* UMIN - Japan + NMRR - Malaysia @
» ISRCTN - global + HSA CTR - Singapore i
» ChiCTR - China + Hong Kong CTR i .;
* ANZCTR - Australia and New Zealand * JMACCT CTR - Japan nEiiTE
+ JapicCTI - Japan +ReBec-Brazil |
* IRCT - Iran + PHRR - Philippines
\ * CTRI - India + TCTR - Thailand
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Cortellis

«Clinicaltrials.gov (US registry)
«Clinicastudyresults.org (PhRMA outcomes)
*UK registry

*Australia/NZ registry

*Chinese registry

eIndian registry

*EudraCT (EMA'’s registry)
*ISRCTN (pan European registry)
«Japanese registries (three)
*Netherlands registry

*Brazilian registry

*Korean registry

eIranian registry

*Abbott registry

*Almirall registry

*Amgen registry

*Astellas registry

*AstraZeneca registry

*Bayer AG registry

*Boehringer Ingelheim registry

Powering Life Sciences Innovation

*Bristol-Myers Squibb registry
*Eli Lilly registry
*GlaxoSmithKline registry
*Hoffmann-La Roche registry
+J & J registry

sLundbeck registry

*Menarini registry

*Merck registry

*Novartis registry

*Pfizer registry

*Sanofi registry

*Takeda registry
PubMed/Medline Literature
CCR Literature

Biosis Literature

Other Literature (DDF/Integrity)
Medical meetings (300+ covered)

Press releases (multiple sources)

African registry

Cuban registry

Sri Lankan registry

Malaysian registry

South African registry
Tanzanian registry

Canadian registry

Estonian registry

Czech registry

Peruvian registry

Italian registry

Russian registry

German registry

Expanded indication coverage
Backfile expansion for literature &
news

Foreign language literature
Event Transcripts (Investor

Meetings)
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Top 10 Use Cases

o ARG ERLT
- BEEMINENERTHRESE , RiZERE—F 2
o WS FRIRMERRRET LSRG S ERETATT ?
o BFPNERMHATLLDAIRERS | RVER | IR, HTTSRISIRIGHEAE 2
o MBI R R TR R ?
o ImARRFERE
- RIS RIGTE TR T ERNAIREAS ?
o A ARENF SR — MEEIREERS B TR ?
- SEYIRCYIRIRER A A
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Top 10 Use Cases (£E)

- RHER
o g:ﬂz)@?ﬁﬁk  IERTEMEIRRIAR ? 1B g SR TFE ? B ILUESHENTAERNEE ? 5
BoE?
. ?ZEQ%%X??LW—E- SEEAIRARER ? REEEH EHFNIRARNISER A ? Tz EHFIE
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FHrMEZE “CTIaRIAISEIEE" MWFERMNME

. M| :
= 250,000 ( CTI) vs 150,000 ( ct.gov)
o ﬂlﬁiﬁctﬁ( B4 ) : 20,310 (CTI) vs 4380 (ctgov)
o HMTHH (RE ) : 12,747 vs 8,964

o MNAT:
o BXEF, EER
. EW

- BEIEXRR  213EE%E , #HEQAQC

A
= N
s BETERENEASSHERIEESCA, O375YEA , ERAAHE , higER
o S
o BiomarkerSERIES , BBHIEFHITREDE
o L
o BRIATEAS
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. %@EF 20 A

BRI mE%

2

N 754 >438,309
« SLIRITHSE SEM (HEsSEmEs ) (>401,58545432t, )
- YR RVZSIRZSR TR SR >2,356
N HXEH >33,613

. |
FEEEMIER >26,702
Drugs & Biologics SBack o Mext> YIRS >28,925
e L e SR
Biomarkers 2 g{%@ﬁiﬁgﬁﬁﬁ > 647,939
e oy i >27,263
Literature 279 Patents "ﬁﬁiﬁﬁ >234, 665
P—— W e BRmtnA 152
= =2l >14,974

harmacokinetics / TED ; . 1

l'l?ietabollsm B INED] Y@LHJFU&%IM >1:8231336
=20 >272,025

Companies & Research
Institutions @.‘9
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- Have any competitors already thought of using CD44 as a marker for Alzheimer’ s Disease?

M cD44 antigen

Dementia,
Alzheimer's type

Cortellis

Powering Life Sciences Innovation

Show Aeferences = ll Show Patents /I

. Technigue Validity
Population Role (Substrate) Parameter (Authority) Sources + +- - All
All Diagnosis Confocal MN& Emerging Pat 1 1 Yiew Use
MiCroscopy < & -
(FBMC)
All Diagnosis IHC (Ti=zue) MA Experimental Ref 1 i Wiew Use
All Diagnosis Real Time PCR |N& Emerging Ref 1 1 Wiew Use
(RMA) e 1 1
Pat 1 1
All Dizeasze Profiling |Cligonucleotide  [NA Experin 1 i Wiew Usze
array analysiz = =
[RMA)
All Dizeasze Profiling |Oligonuclectide  [MN& Experime
array analysis
(mRMNA)
All Rizk Factor ELISA (Flazma) |M& Emerging
All Rizk Factor Oligonuclectide  |N& Emerging

array analysis
(mRMA)

1590 1 IO O U O
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BZIRS TSHAZHHBA: 400 8822 031 ;

ts.support.china@clarivate.com
o BRSEoEhiaNtriRSERESHEIT :

http://interest.ip-science.thomsonreuters.com.cn/LS whitepaper
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