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http://www.fda.gov/downloads/ScienceResearch/SpecialTopics/RegulatoryScience/UCM268225.pdf
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Agenda INSTITUTE

Topic Presenter

1 The Value Propositiofor Translational Safety Biomarker Dr Frank Sistare
as Tools for Drug Development Merck

2  Safety biomarker prioritization and translatigriwo sides Dr Richard Miller
of the same coin GSK

3  Why biomarkersare essential to meet the challenge of Dr Gary Romano
developing drugs for neurological diseases J&J

4  Limitations of current biomarkers and the need for new Dr Ron Perrone
biomarkers in Polycystic Kidney Disease Tufts

5 Panel Discussion with Dr Chiresptak(FDA) All
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The Value Proposition for
Translational Safety Biomarkers as
Tools for Drug Development

Frank D. Sistare
Merck and Co., Inc.
On behalf of the C-Path PSTC

November 30, 2011, Silver Spring, MD
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Non-Clinical Developmeng (CRITICAL PATH
Problem Statement g

Olsen Het al (2000)Regulatory Toxicology and Pharmacol@gy 5667

A 43% concordance between clinical trial toxicities & rodent toxicity
seen across 150 cmpds; 63% in nonrodents (71% in any one species)

A Clinical toxicity predictions vary by organ system as well as species

dropping to as low as 36% (when seen in any one species)

How can we guard against such drug-induced injuries seen in the
clinic but not in preclinical toxicology studies?

How can we advance development of good drugs showing
toxicities in animals that are not expected to present in humans?




Non-Clinical Development, (CRITICAL PATH
Problem Statement R A

DiMasi JAet al (2003) Journal of Health Economi2g, 151185
DiMasi JA and Grabowski (200Managerial Decision Economi8, 469479

A 2000: Phase 1 Costs - $31M. Phase 2 - $42M. Phase 3 - $129M.
A 2005: Cost per marketed drug - $500M Preclinical + $800M Clinical.

The longer we delay awareness of relevant clinical safety issues the
greater the costs of development failure.

When we discard compounds with animal study toxicities that reflect
iIrrelevant clinical safety issues, we delay success and escalate
development costs.

Eliminating the need for repeating, or avoiding unwarranted
progression of jJust one compoundads
$31i 42 million in development expenses when specific safety concerns

can be confidently addressed using new qualified TSBs.
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Regulatory Authorities to Advance New Drug INSTITUTE

Need for aGlobalPartnership between Industry and (
Development Tools

Goal: Improve speed/efficiency to arrive at critical datasets
and/or generate more robust preclinical risk assessment data to

<

Improve internal candidate selection decisions for clinical development

4

A Optimize animal testing
A Improve human risk assessment
A Enhance clinical trial safety
Alncreased effici
AZ Ani mal wuse
AZ Devel opment

Need for Global Regulatory Alignment 7



Incorporating New Qualified Safety

CRITICAL PATH

Biomarkers in Drug Development INSTITUTE

A Novel Accessible
Translational Safety
Biomarkers

Enable continued clinical
development of drugs
suspected of human

irrelevant animal toxicitiesi

ensuring patient safety,
reducing drug failures, and
loss of time

Longitudinal monitoring in
animal studies optimizes
and minimizes animal use

Sensitivity

AExampIe: New kidney safety

b

lomarkers can outperform serum

creatinine and BUN

- FDA, EMA, PMDA Qualification
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Predictive Safety Testing Consortium: Kidney CRITICAL PATH
Safety Biomarker Qualification Timelines INSTITUTE

2 years / 34 animal studies 5+ years / 2 clinical studies
KIM-1 Total Protein First Partnering Proposal
Clusterin B2 microglobulin g,phmission to FNIH BC for Kidney Project Plan Launch of
TFF3 Cystatin C ini ificati Approved 2 Clinical Studies
Albumin FlDA’ July BM Clinical Quillflcatlon Fip l
| |
| — | | | | | >
2006 2007 2008 2009 2010 2011 2012 2013
T T — )
YT
. Funding, Contracts,
Formation of FDA and EMA support Protocgls ASSAVS Expected
PSTC gualification claims for 7 ; ' ys, Clinical
biomarkers for ete. Data
nonclinical Qualification
and limited clinical use 1 Submission
34 studies

Future progress of safety biomarker qualification will be
stymied if it continues to grow more cumbersome and costly.
There is a need for resolution in a globally coordinated manner.



Need for Qualified Translational s renomoesege s

Promise of new translational safety

. biomarkers in drug developm.e_nt a_nd
Safety Biomarkers (TSBs) e s S

Liver injury
Improved biomarkers are needed with:
— Enhanced tissue specificity over ALT for liver injury;
— Maore sensitive and earlier detection to inform liver dysfunction, injury response, molecular toxicology mode-of-action (and not just
report membrane leakage);
— Capability to inform patient prognosis and differentiate high-risk from low-risk occurrences of seemingly similar ALT elevations;
— Translational biomarkers with sensitivity and specificity for biliary hyperplasia.
Vascular injury
Biomarkers or imaging approaches are needed to inform acute vessel damage, including degeneration, inflammation and hemorrhage,
and also to allay hypothetical concerns over atherosclerotic plagque progression, thrombus formation and destabilization.
Neurotoxicity

Accessible translational safety biomarkers (TSBs), including imaging, of neuronal injury including CNS pathologies as well as peripheral
neuropathies are needed.

Pancreatitis
Early TSBEs with improved sensitivity over amylase and lipase are needed.

Tissue fibrosis
Accessible biomarkers or imaging approaches could address tissue specific safety concerns relating to chronic organ injury and fibrosis,
as well as perhaps even monitor disease progression and response to intervention (e.q., liver fibrosis and hepatitis C).

Bone & cartilage damage
Arthropathies may follow destruction of chondrocytes and joint cartilage; qualified biomarkers are needed to address treatment-related
concerns regarding acceleration of osteoporosis and enhanced risk for bone fracture.

Phospholipidosis
Phospholipidosis histomorphological changes may be seen in rodent toxicology studies, and often not in other species. Human relevance
and toxicological significance remain questionable. A satisfactory monitorable biomarker strategy could enable drug development and
dispel lingering concerns over long-term patient safety.

Testicular infury
such findings may limit early clinical trial designs to females, excluding males, until greater understanding of the effect is achieved, or
until a back-up compound devoid of such findings is identified.

Gastrointestinal
Accessible mucosal damage biomarkers, for example, that could specifically alert this safety concern may reduce the need for
endoscopic examinations in clinical trials and assist with patient enrollment.

Tumorigenesis
A diverse set of qualified biomarker panels that could be integrated in the course of drug development animal toxicology studies in
order to elucidate mode-of-action for nongenotoxic compounds and enable human relevance assessments using specimens collected
from both the animal studies as well as clinical trials.

ALT: Alanine aminotransferase.



Sponsor Considerations in Deciding to Contribut( CRITICAL PATH

to Consortia Dedicated to Qualification of New T B:L,NST'TUTE

A s the multiyear commitment sufficiently meritorious to compete
resources away from corporate prioritiés & direct projects?
A can hurdles be reduced by health authorities to shorten the time
commitments?
Can regulatory processes and decisions be harmonized globally?

A Does the collaboration leverage contribution equitably across
consortia members or will one or two companies assist competitors
more than the benefit received?

A Does the scope of the effort require data sharing with competitors, or
IS the objective one that would provide a competitive advantagje and
not require public disclosure of internal company investment”

A Are other consortia already engaged in the same effort or are they able
to share strategx, data, samples, and coordinate activities so as to be
complementary”

A Is the structure, management, leadership, sponsorsth and program
support of the consortium likely to generate success”



Vision: MRI as a Histopathology Surrogate in
Assessing Target Organ Toxicity to Complement TSBENSTITUTE

Non-Invasive
Biomarker of
Organ Injury

Assessments
Volume
Blood Flow/Perfusion
Morphology
Functional Activity

Differential Tissue Contrast
Metabolite Concentration by

MRI/MRS

+
Traditional and

Novel Biomarkers _

Examples
Serum Biochemistry

Hematology
Urinalysis
ECG
Ophthalmology
Novel Biomarkers

- Urine KIM-1 etc.

- New Innovations

- e.g., micro RNAs

Thyroid

O ReTail me 6

Longitudinal
Assessment

Reduce/eliminate the
need for multiple
NONRODENT studies
& necropsies while
maintaining
assurances of clinical
trial safety

| g "

CRITICAL PATH

T W

Bridging Biomarker

Targeted Translation
into clinical setting as
needed



Additional Qualified TSBs are Needed to CRITICAL PATH
Enable Drug Development by: INSTITUTE

1. éenhancing the value of an

2. éenhancing safety monitor.|
clinical trials for toxicities seen in animal studies that
are of questionable human relevance, and

3.éby r educi angaking entbigusty irochnical
trials with data that can provide greater diagnostic
Insight over conventional biomarkers alone, allowing
Improved patient prognosis and greater
understanding of drug action.



Safety Biomarker
Prioritization and Translation
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Two sides of the same coin

Rich Miller

GSK
CGPath/PSTC Girector
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Safety Biomarker Prioritization (CRITICAL PATH

i INSTITUTE
> Drivers
A Attrition data (preclinical/clinical)

Cardiovascular toxicity

Hepatotoxicity

Nephrotoxicity

Other target organs less frequently (e.g., testicular, ocular)

c:. C:. C: C:

A Clinical perspectives and needs

U Confidence in ability to detect specific organ effect with current cadre of safety
biomarkers

U Patient population versus preclinical species
U Project specific

A Feasibility (technical, discovery/preclinical data)



Safety Signal
> Translation

A Translation of preclinical effect

i

c:. C:

(G el an-i ani e e

Functional impact?

- normal animal or human versus patient(s)

- how important is this functional disruption in people?
Detectable with current modalities?

Species specific? Are you sure?

Severity of impact?

- Is minimal impact of concern?

Time to onset, shape of dose response curve
Adaptation

Target mediated?

Class effect?

Impact on clinical trial design/cost to monitor

(

CRITICAL PATH
INSTITUTE

Data from other studies (in vitro, efficacy, other in vivo safety studies, etc)



Safety Signal ( CRITICAL PATH
) INSTITUTE
> Translation

ACN)IvatlraAzy 2F LINBOf A

U Apples to apples
- Toxicities ardeterogenousand often evolve (e.g., for hepatotoxicity;
cholestati¢c mixed andhepatocellular
- Pathophysiology and functionséquelamay be different across species
{0SL) OKSO] 2y taSandinkis/ 2{ @EE¢HSHIPSE

U Metabolic differences
U Reserve capacity
- Impact on functional reserve

‘ Safety biomarkers are essential data but must be interpreted
in an integrated manner in the broader context of all relevant data



Safety Biomarker CRITICAL PATH
A recurring scenario
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c:

Biliary Hyperplasia ( NSTITUTE

No/minimal change in routine hepatic biomarkers
GGT slightly increased, no change in ALT,bAt&dbin, or ALP
Not seen in nomodent species at comparable exposures

Concern? What does it mean?

low grade or localizedholestasis

direct/indirectmitogenesis

regenerative response after prioholangiocyteor periportalhepatocyteinjury
biliary vascular plexus disruption

There is hope;

LCM derived biliary cells p@nd postinjury in preclinical models to assess mMRNA,
andmiRNAchanges and recently describeiRNASN vitro cell modelsTpxicol
Pathol 38(5):71529, 2010 Jun 15 & J. of Nip M&chVol. 76 (2009) , No. 4 pp.1887].

Routine hepatitranscriptomicassessments.
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> decreased miR9?



Summary/Future
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(including safety biomarkers), and prior experience that guid
translation
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A Preclinical models underpin fundamengsthophysiologic
safety biomarker knowledge supporting clinical progression

O E:O > challenges exist in clinical qualification of biomarkers

T J,_N,Ll There are clearly gaps in systems knowledge and tools, incl
3 FY2y3aid GKS OdzZNNByiGfeée dzaSR

A These gaps are being filled through collaborative efforts of tt
PSTC with numerous exploratory safety biomarkers on the v
for not only liver, but heart/vasculature, kidney and skeletal
muscle

A Biomarker knowledge accrual is a life long endeavor
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Opportunities
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A Safety data sharing through PSTC can
further elucidatepredictivity of

2o, preclinical safety signals by combining

member company translational data
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Why biomarkers are essential to meet
the challenge of developing drugs for
neurological diseases.

Gary J Romano, Ph.D., M.D.
Neuroscience Biomarkers
Janssen R&D
Spring House , PA
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Che New lork Eimes

OPINION | October 28, 2010
Op-Ed Contributors: The Age of Alzheimer's

MORE MEDICAL RESEARCH IS NEEDED TO DEFEAT
ALZHEIMER'S DISEASE BEFORE IT'S TOO LATE TO HELP THE
BABY BOOM GENERATION.

By Sandra Day O'Connor, Stanley Prusiner and Ken Dychtwald

. AAs things stla
e i A, e each penny the National
o)== = TN T Instltutes of Health spends
T r \_( . “ \ ; \ _ =g "/,!/Mncrolubulcs A.zheim:;:i-': —_— our
" e 2 2 == ...’ on Alzheimer's research, we
S % | spend more than $3.50 on
b 7 Pt e B e caring for people with the
4 il Civossed ol Alzhcinswz;’:rgi sssss . . N
b SRR @ f s conditiono
C 2" Moo o
\\' i hei mer' so
' 7 S ?kgi ' Quotes from The

Traumatic Brain Injury & Depression maybe associated with an increased risk
of developing Al zhei mer 0s Disease

wSLI2 NI FTNBY G(KS [SgAy DNRdzLJE O2YYAaaAaz2ySR o6& (GKS 1 f1KSA



Serious Neuropsychiatric Disordef e

Among the Most Disabling llinesses, Associated with Tremendous Suffering

: European Brain Councill
A Share of 2015 Burden of Disease StudyAnnual cost of

(% of Total Disablility Adjusted Life Years)  prain disorders in

Europe now 798 billion
euros ($1 trillion)

Neuropsychiatric disorders
Malignant neoplasms
Cardiovascular diseases
Injuries (including self-inflicted)
Sense organ disorders
Respiratory diseases
Communicable diseases and...

Musculoskeletal diseases _ _ .
WHO 2015 DALY baseline scenario for high income count

Diabetes mellitus

0% 10% 20% 30%

WHO Statement: ¢ X ddzy ft Saa AYYSRALFGS | OQGA2Yy A&
burden is expected to become an even more seriowsndanageable threat to
- public healtre
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New Frontier: Brain Diseases ( T

The human brain is the most complex object of
study In the history of science and one of the
most Inaccessible

A Expertiseis scattered, approach to research Is
fragmented and resulting datasets as#loed

A Incentivesfor research and collaboration atacking
and/or misaligned

A Declining federal and industrial support is leading to
diminished pipelines



CNS disorders present difficult CRL
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Challenges

Uncertain target engagement
ADifficult to detect PD effects in CNS
compartment
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Pitfalls

Errors in dose selection

@ . @ — Need large N to detect small

signals

Gb2A4ad& NBI R2dz
ACognitive funct|on, mood, psychosis,
pain

Diagnostic uncertainty,

_ _ Low responder rates
Population heterogeneity

ASyndromic classification in neurology
and psychiatry

Larger and longer trials

N

- y Variabil i
Insidious onset and slow ] S : g i
_ e~ Ve Z Treatment Effect Size
progression

A arger and longer trials , ‘
= POOR SIGNAL DETECTION




The eff(_activ? use of lzicimarkers can Increase tvhev CRITICAL PATH
LINEOFOALf AlUe 2T adzZOOSaa (XINSTITUTE

Biomarkers that improve assessment of disease Diagnostic Biomarkers that
and drug effects: improve characterization

Target Engagement, Pharmacodynamic, Efficacy, gf pg\_tie_nts: P Mk
Disease Progression Markers redictive and Prognostic Marke

/-\ ‘

Poor signal detection Improved signal detection

Larger and more expensive More Informed Decisions Enrichment
Smallerand less expensive‘ Stratification
* . studies
Fewer compounds tested In
the clinic ‘

More compounds tested in

more indications Patients benefit from

Personalized
Medicine

Fewer novel therapeutics

approved Patients benefit from novel
therapeutics




CRITICAL PATH

INSTITUTE
Biomarkers in Neuropsychiatric Disorders:
heterogeneous, composite, and complex

Expression

== cCsF
B proteomics



Effective use of Biomarkers for Drug Registration CRITICAL PATH
will require Collaboration and Consensus INSTITUTE

. A2YFNJSNI vdz t ATAOF GA2YY GAT
' 3aSaaYSyiaXxXory o06S NBfASR dzLJ2
and application in drug development and regulatory decision

Yl 1- A )/ 1:=|D%Gui8(ance: Qualification Process for Drug Development Tools

Advantages of Collaborative Approach:

Mata Sharing: A Sharing of Best Analytic
A arge data sets Practices
not available from individual A Advanced clinical informatics,
companies or trials computational biology ,
AStandardization visualization tools

Across trials and sponsors
A-rom different sources
Arom different targets and
compounds

A Open dialogue

A Close interaction with
Health Authorities



e : : . CRITICAL PATH
Coalition Against Major Diseases (CAI\/II{ INSTITUTE

Accelerate the Drug Discovery Path to Advance Effective
¢CNBFGYSyGa F2NJ ! 1 KSAYShNRSEE

uuuuuuu

N

U Advancedrug development
ac¢c22f ac

A Createpublic databases of pooled clinical trial data
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CAMD Members and Partners CRITICAL PATH
INSTITUTE

Industry Government

o EUROPEAN MEDICINES AGENCY
SCIEMC MEHCIMNES HEALTH
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AstraZeneca # Dot National Institute
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Collaborative Effort to Facilitate AD drug developmgWit:.crRITICAL PATH
Biomarker Qualification and Disease Model Accept&ndelSTITUTE

/ . | \ S(t) =S +a @+ fudt) + fudt) + €
CDISC "
Data Standards Quantitative Model
. | ] S ¢
for AD specific 2T 1 LITKSAYS
. : Progression
clinical endpoints

and biomarkers
\_ =/

Time (Weeks)

HippocampalMolume Predicts

AD CSF Biomarker Profile Progression to AD
0 :; s ] P @i :
800+ ngﬂ & ;miggm 800 DD%‘EEE% )
Cope w7 o Cont Dﬁs‘r‘;c g
D O o D
: 2
3 R
fo gl R
! N f""'
g IR
‘ 560 1000 1500 2000 5 500 5 5
Total tau (ng/L) P-tau (ng/L)

In AD and in cognitively impaired patients at risk of progressing to
AD dementia, CSF 42 is low and-Tau and pTaul81 is high.

Hansson et al., (2006) Lancet Neurolog 5:228 Leung etal., (2010) Neuroimage 52:1345
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biomarkers with tantalizing potential to improve
value, whereas methods to use them effectively i

drug development will evolve more slowly.

~ The balance between these forces may well deternr
O <O the success or failure of the drug development
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- Janet Woodcock

Clinical pharmacology & Therapeutics |
O VOLUME 86 NUMBER 1 | JULY 2009
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We share the problem-- and have to
work together to find solutions

Creating Consensus Science: New Tools and Tactics for Next-Gen Drug Development
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Autosomal Dominant Polycystic
Kidney Disease

Limitations of current biomarkers and the need for new biomarkers

Ronald D. Perrone, M.D.

Immediate Past Chairman, Scientific Advisory Committee, PKD
Foundation

Associate Chief, Division of Nephrology, Medical Director of Kidney
Transplantation, Tufts Medical Center

Professor of Medicine, Tufts University School of Medicine

Creating Consensus Science: New Tools and Tactics for Next-Gen Drug Development
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AutosomalDominant Polycystic ( L LA
Kidney Disease (ADPKD)

A Hereditary systemic disorder characterized by bilateral

Kidney cysts

A Progressive renal insufficiency leading to kidney failure
In ~50% of patients

A Extrarenamanifestations + all CKD related issues

A Frequency 1/500 to 1/1000

A ~600,000 in USA; 12.5 million worldwide
A Accounts for 8 to 10% of patients on dialysis

A Direct medical costs exceed $1.5 billion/year

A Substantial indirect costs including pain and suffering,
unemployment, and family disruption due to multiple
generations possibly requiring transplant or dialysis
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