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Non-Clinical Development ς  
Problem Statement 

Å  43% concordance between clinical trial toxicities & rodent toxicity 

seen across 150 cmpds; 63% in nonrodents (71% in any one species) 

 

Å  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?        

Olsen H, et al (2000) Regulatory Toxicology and Pharmacology 32, 56ς67 



Non-Clinical Development ς  
Problem Statement 

Å  2000: Phase 1 Costs -  $31M.  Phase 2 - $42M.  Phase 3 - $129M. 

 

Å  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 

irrelevant clinical safety issues, we delay success and escalate 

development costs. 

 

Eliminating the need for repeating, or avoiding unwarranted 

progression of just one compoundôs Phase 1 or 2 trials could save over 

$31ï42 million in development expenses when specific safety concerns 

can be confidently addressed using new qualified TSBs.     

DiMasi JA, et al (2003)  Journal of Health Economics 22, 151ς185 
DiMasi JA and Grabowski (2007)  Managerial Decision Economics 28, 469ς479 
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Need for a Global Partnership between Industry and 
Regulatory Authorities to Advance New Drug 
Development Tools 

Å  Optimize animal testing 

Å  Improve human risk assessment 

Å  Enhance clinical trial safety   

Å  Increased efficiency and Ź cycle time 

Å Ź Animal use 

Å Ź Development costs and delays 

 

Need for Global Regulatory Alignment 

 

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 



Incorporating New Qualified Safety 
Biomarkers in Drug Development 

ÅNovel Accessible 
Translational Safety 
Biomarkers 

 
ï Enable continued clinical 

development of drugs 
suspected of human 
irrelevant animal toxicitiesï 
ensuring patient safety, 
reducing drug failures, and 
loss of time  

 

ï Longitudinal monitoring in 
animal studies optimizes 
and minimizes animal use 

Nature 

Biotech.                     

May 2010       

10 

manuscripts 

Å Example: New kidney safety 

biomarkers can outperform serum 

creatinine and BUN 

    - FDA, EMA, PMDA Qualification  
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Kim1     A = 0.94     Sens = 90

Clusterin     A = 0.92     Sens = 80 

Alb     A = 0.94     Sens = 78

RPA-1     A = 0.91     Sens = 76

LCN-2     A = 0.88     Sens = 75 

OA     A = 0.84     Sens = 71

GST-a     A = 0.74     Sens = 50

BUN     A = 0.83     Sens = 68

Bcrnn     A = 0.74     Sens = 48sCr 



Predictive Safety Testing Consortium: Kidney 
Safety Biomarker Qualification Timelines 

First  

Submission 

FDA, July 

KIM-1        Total Protein 

Clusterin   B2 microglobulin 

TFF3         Cystatin C 

Albumin 

 

2007 2008 

Formation of  

PSTC 

FDA and EMA support 

qualification claims for 7 

biomarkers for 

nonclinical  

and limited clinical use ï 

34 studies 

2006 2009 2010 2011 2012 2013 

Launch of  

2 Clinical Studies 

Partnering Proposal 

to FNIH BC for Kidney 

BM Clinical Qualification 

Project Plan 

Approved 

Funding, Contracts, 

Protocols, Assays, 

etc. 

Expected 

Clinical 

Data 

Qualification 

Submission 

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. 

2 years / 34 animal studies  5+ years / 2 clinical studies  



Need for Qualified Translational 
Safety Biomarkers (TSBs) 

Sistare, Frank D and DeGeorge Joseph J, 

Promise of new translational safety 

biomarkers in drug development and 

challenges to regulatory qualification  

Biomarkers Med 2011 5(4) 497-514 



Sponsor Considerations in Deciding to Contribute 
to Consortia Dedicated to Qualification of New TSBs  

Å Is the multiyear commitment sufficiently meritorious to compete 
resources away from corporate priorities & direct projects? 
ÅCan hurdles be reduced by health authorities to shorten the time 

commitments? 
ÅCan regulatory processes and decisions be harmonized globally? 

 
Å Does the collaboration leverage contribution equitably across 

consortia members or will one or two companies assist competitors 
more than the benefit received? 

 
Å Does the scope of the effort require data sharing with competitors, or 

is the objective one that would provide a competitive advantage and 
not require public disclosure of internal company investment? 

 
Å Are other consortia already engaged in the same effort or are they able 

to share strategy, data, samples, and coordinate activities so as to be 
complementary? 

 
Å Is the structure, management, leadership, sponsorship and program 

support of the consortium likely to generate success? 
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Vision: MRI as a Histopathology Surrogate in 
Assessing Target Organ Toxicity to Complement TSBs 

Non-Invasive 

Biomarker of 

Organ Injury 

óReal-Timeô 

Longitudinal 

Assessment 

Traditional and 

Novel Biomarkers 

Bridging Biomarker 

+ 

Kidney Thyroid Brain 

= Assessments 

Volume 

Blood Flow/Perfusion 

Morphology 

Functional Activity 

Differential Tissue Contrast 

Metabolite Concentration by 

MRI/MRS 

 

 

Examples 

Serum Biochemistry 

Hematology 

Urinalysis 

ECG 

Ophthalmology 

Novel Biomarkers 

  - Urine KIM-1 etc. 

  - New Innovations 

        - e.g., micro RNAs 

 

 

Reduce/eliminate the 

need for multiple 

NONRODENT studies 

& necropsies while 

maintaining 

assurances of clinical 

trial safety 

Targeted Translation 

into clinical setting as 

needed 



Additional Qualified TSBs are Needed to  
Enable Drug Development by: 

1. éenhancing the value of animal toxicology studies 

 

2. éenhancing safety monitoring of patients in early 

clinical trials for toxicities seen in animal studies that 

are of questionable human relevance, and  

 

3. éby reducing decision-making ambiguity in clinical 

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 

         Two sides of the same coin 

 

 Rich Miller 

  GSK 

  C-Path/PSTC Co-Director 



Safety Biomarker Prioritization 

                  > Drivers 
ÅAttrition data (preclinical/clinical) 
 

ü Cardiovascular toxicity 
ü Hepatotoxicity 
ü Nephrotoxicity 
ü Other target organs less frequently (e.g., testicular, ocular) 
 

ÅClinical perspectives and needs 
 

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

ü Patient population versus preclinical species 
ü Project specific 
 

ÅFeasibility (technical, discovery/preclinical data) 



                    Safety Signal 

                  > Translation  

ÅTranslation of preclinical effect 
 

ü Functional impact? 
      - normal animal or human versus patient(s) 
      - how important is this functional disruption in people? 
ü Detectable with current modalities? 
ü Species specific? Are you sure? 
ü Severity of impact? 
      - is minimal impact of concern? 
ü Time to onset, shape of dose response curve 
ü Adaptation  
ü Target mediated? 
ü Class effect? 
ü Impact on clinical trial design/cost to monitor 
ü Data from other studies (in vitro, efficacy, other in vivo safety studies, etc) 



               Safety Signal 

              > Translation  

Å¢Ǌŀƴǎƭŀǘƛƻƴ ƻŦ ǇǊŜŎƭƛƴƛŎŀƭ ŜŦŦŜŎǘ όŎƻƴǘΩŘύ 
 

ü Apples to apples 

      - Toxicities are heterogenous  and often evolve (e.g., for hepatotoxicity;  

        cholestatic, mixed and hepatocellular ) 

      - Pathophysiology and functional sequela may be different across species 

      - {ǘŜǇ ŎƘŜŎƪ ƻƴ ǘŜǊƳƛƴƻƭƻƎȅ όŜΦƎΦΣ άtransaminitisέΣ ά[C¢ǎέύ 

 

ü Metabolic differences 

ü 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  
 A recurring scenario 

 

 
BILIARY HYPERPLASIA  



            Biliary Hyperplasia 

Å No/minimal change in routine hepatic biomarkers  
ü GGT slightly increased, no change in ALT, AST, bilirubin, or ALP    
ü Not seen in non-rodent species at comparable exposures 
 

Å Concern? What does it mean?  
ü  low grade or localized cholestasis 
ü direct/indirect mitogenesis 
ü regenerative response after prior cholangiocyte or periportal hepatocyte injury 
ü biliary vascular plexus disruption 
 

Å There is hope; 
ü  LCM derived biliary cells pre- and post-injury in preclinical models to assess mRNA, 

and miRNA changes and recently described miRNAs in vitro cell models [Toxicol. 
Pathol. 38(5):715-29, 2010 Jun 15 & J. of Nip Med Sch Vol. 76 (2009) , No. 4 pp.188-197].  

ü Routine hepatic transcriptomic assessments.  
 



Other recurring liver scenarios 

ÅHepatocyte vacuolar degeneration/rarefaction 

  

 

 

 

ÅHepatic fibrosis 
 

 

 

ÅHepatic inflammation 
 

 

 
 

Control Treated 

Treated Treated 

Treated 

> decreased miR-29? 



Summary/Future 
Å ¢ƘŜ άŎƻƛƴέ ƛǎ ǘƘŜ ǘŀǊƎŜǘ ƻǊƎŀƴ ŀƴŘ ŀƭƭ ǘƘŜ ƪƴƻǿƭŜŘƎŜΣ Řŀǘŀ 

(including safety biomarkers), and prior experience that guide 
translation 

 

Å Preclinical models underpin fundamental pathophysiologic 
safety biomarker knowledge supporting clinical progression 

        > challenges exist in clinical qualification of biomarkers 
 

Å There are clearly gaps in systems knowledge and tools, including 
ŀƳƻƴƎǎǘ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ǎŀŦŜǘȅ ōƛƻƳŀǊƪŜǊǎ ōǳǘΧ 

 

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

 

Å Biomarker knowledge accrual is a life long endeavor 



Opportunities 

ÅSafety data sharing through PSTC can 
further elucidate predictivity of 
preclinical safety signals by combining 
member company translational data 



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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OPINION   |  October 28, 2010 

MORE MEDICAL RESEARCH IS NEEDED TO DEFEAT 

ALZHEIMER'S DISEASE BEFORE IT'S TOO LATE TO HELP THE 

BABY BOOM GENERATION.  

Op-Ed Contributors:  The Age of Alzheimer's 

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

ñAlzheimer's disease, an 

illness that is 100 percent 

incurable and 100 

percent fatalò 

ñStarting on Jan. 1, our 79-

million-strong baby boom 

generation will be turning 65 at 

the rate of one every eight 

seconds. That means more than 

10,000 people per day, or more 

than four million per year, for 

the next 19 years facing an 

increased risk of Alzheimer'sò 

ñAs things stand today, for 

each penny the National 

Institutes of Health spends 

on Alzheimer's research, we 

spend more than $3.50 on 

caring for people with the 

conditionò 

ˈ  Quotes from The New York Times 

Traumatic Brain Injury & Depression may be associated with an increased risk 

of developing Alzheimerôs Disease 

wŜǇƻǊǘ ŦǊƻƳ ǘƘŜ [Ŝǿƛƴ DǊƻǳǇΣ ŎƻƳƳƛǎǎƛƻƴŜŘ ōȅ ǘƘŜ !ƭȊƘŜƛƳŜǊΩǎ !ǎǎƻŎƛŀǘƛƻƴΣ ²ŀǎƘƛƴƎǘƻƴ 5/Σ нллп 
 



Serious Neuropsychiatric Disorders 
Among the Most Disabling Illnesses, Associated with Tremendous Suffering 

ÅShare of 2015 Burden of Disease                                                    
(% of Total Disability Adjusted Life Years) 

 

WHO 2015 DALY baseline scenario for high income countries 
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European Brain Council 
Study Annual cost of 
brain disorders in 
Europe now 798 billion 
euros ($1 trillion) 
 

 

WHO Statement:    άΧΦǳƴƭŜǎǎ ƛƳƳŜŘƛŀǘŜ ŀŎǘƛƻƴ ƛǎ ǘŀƪŜƴ ƎƭƻōŀƭƭȅΣ  ǘƘŜ ƴŜǳǊƻƭƻƎƛŎŀƭ 
burden is expected to become an even more serious & unmanageable threat to 
public healthέ 



New Frontier: Brain Diseases  

The human brain is the most complex object of 
study in the history of science and one of the 
most inaccessible 

 
ÁExpertise is scattered, approach to research is 

fragmented, and resulting datasets are siloed 
 
ÁIncentives for research and collaboration are lacking 

and/or misaligned 
 
ÁDeclining federal and industrial support is leading to 

diminished pipelines 
 
 

 



Challenges 

Uncertain target engagement  
Å Difficult to detect PD effects in CNS 
compartment  
 

άbƻƛǎȅ ǊŜŀŘƻǳǘǎέ 
ÅCognitive function, mood, psychosis, 
pain 
 
 

Population heterogeneity 
ÅSyndromic classification in neurology 
and psychiatry 
 

 

Insidious onset and slow 
progression 
ÅLarger and longer trials 
 
 

CNS disorders present difficult 
ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ŘǊǳƎ ŘŜǾŜƭƻǇƳŜƴǘΧ  

 

ŷ Variability 

Ź Treatment Effect Size 

POOR SIGNAL DETECTION 

Pitfalls 

Errors in dose selection 

Need large N to detect small 
signals 

Diagnostic uncertainty,  
Low responder rates 

Larger and longer trials 



Poor signal detection 

 

Larger and more expensive 
studies 

 

Fewer compounds tested in 
the clinic 

 

Fewer novel therapeutics 

approved 

 

 

 

Improved signal detection 

 

More Informed Decisions 

 

Smaller and less expensive 
studies 

 

More compounds tested in 
more indications 

 

Patients benefit from novel 
therapeutics 

 

 

 

Biomarkers that improve assessment of disease 
and drug effects:  
Target Engagement, Pharmacodynamic, Efficacy,  
Disease Progression Markers  

 

 

 

Enrichment , 

Patient 

 Stratification 

 

 

Patients benefit from 
Personalized 

Medicine 

 

 

 

Diagnostic Biomarkers that  
improve characterization 
of patients:   
Predictive and Prognostic Markers 

The effective use of biomarkers can increase the  
ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǎǳŎŎŜǎǎ Χ 





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

ά.ƛƻƳŀǊƪŜǊ vǳŀƭƛŦƛŎŀǘƛƻƴΥ ǿƛǘƘƛƴ ǎǘŀǘŜŘ ŎƻƴǘŜȄǘ ƻŦ ǳǎŜΣ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ 
ŀǎǎŜǎǎƳŜƴǘΧŎŀƴ ōŜ ǊŜƭƛŜŘ ǳǇƻƴ ǘƻ ƘŀǾŜ ŀ ǎǇŜŎƛŦƛŎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ 
and application in drug development and regulatory decision-
ƳŀƪƛƴƎΦ ά 

ÅSharing of Best Analytic 
Practices 
Å Advanced clinical informatics, 

computational biology , 
visualization tools 

ÅOpen dialogue 

ÅClose interaction with 
Health Authorities 

 

ÅData Sharing:  
ÅLarge data sets 

 not available from individual 
companies or trials 

ÅStandardization 
Across trials and sponsors 

ÅFrom different sources 
ÅFrom different targets and 
compounds 

FDA Guidance: Qualification Process for Drug Development Tools  

Advantages of Collaborative Approach: 



Coalition Against Major Diseases (CAMD) 

Accelerate the Drug Discovery Path to Advance Effective  
¢ǊŜŀǘƳŜƴǘǎ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎ ŀƴŘ tŀǊƪƛƴǎƻƴΩǎ 5ƛǎŜŀǎŜ 

 

üAdvance drug development ς  
  ά¢ƻƻƭǎέ 

 

ÅDevelop common data standards 
 
ÅCreate public databases of pooled clinical trial data  

 
ÅάvǳŀƭƛŦƛŜŘέ ōƛƻƳŀǊƪŜǊǎ όC5! 5ǊŀŦǘ DǳƛŘŀƴŎŜ нлмлύ 
 

Åά!ŎŎŜǇǘŜŘ ŦƻǊ ǳǎŜέ vǳŀƴǘƛǘŀǘƛǾŜ ŘƛǎŜŀǎŜ ƳƻŘŜƭǎ 



Patients 

Government Industry 

CAMD Members and Partners 

Copyright  C-Path 2011 32 



AD CSF Biomarker Profile 

In AD and in cognitively impaired patients at risk of progressing to 
AD dementia, CSF A̡42 is low and t-Tau and pTau181 is high.  

Quantitative Model 
 ƻŦ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ 
 Progression  

Hippocampal Volume Predicts 
Progression to AD 

Leung et al., (2010) Neuroimage 52:1345 

Collaborative Effort to Facilitate AD drug development: 
Biomarker Qualification and Disease Model Acceptance 
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ÅDisease Progression 
 

Data Standards 
for AD specific 

clinical endpoints 
and biomarkers  

Hansson et al., (2006) Lancet Neurolog 5:228 



Ȱ"ÁÓÉÃ ÂÉÏÍÅÄÉÃÁÌ ÓÃÉÅÎÃÅ ×ÉÌÌ ÃÈÕÒÎ ÏÕÔ ÃÁÎÄÉÄÁÔÅ 
biomarkers with tantalizing potential to improve 
value, whereas methods to use them effectively in 
drug development will evolve more slowly.  

The balance between these forces may well determine 
the success or failure of the drug development 
ÅÎÔÅÒÐÒÉÓÅ ÏÖÅÒ ÔÈÅ ÎÅØÔ ÄÅÃÁÄÅȢȱ 

      - Janet Woodcock  
Clinical pharmacology & Therapeutics | 
 VOLUME 86 NUMBER 1 | JULY 2009 

We share the problem  -- and have to 
work together to find solutions 



Autosomal Dominant Polycystic 
Kidney Disease 

Limitations of current biomarkers and the need for new biomarkers  

Ronald D. Perrone, M.D. 
 

Å Immediate Past Chairman, Scientific Advisory Committee, PKD 
Foundation 

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

Å Professor of Medicine, Tufts University School of Medicine 



Autosomal Dominant Polycystic 
Kidney Disease (ADPKD) 

ÅHereditary systemic disorder characterized by bilateral 
kidney cysts 

ÅProgressive renal insufficiency leading to kidney failure 
in ~50% of patients 

ÅExtrarenal manifestations + all CKD related issues 
ÅFrequency:  1/500 to 1/1000 

Å~600,000 in USA; 12.5 million worldwide 

ÅAccounts for 8 to 10% of patients on dialysis 

ÅDirect medical costs exceed $1.5 billion/year 

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

 



22 Kg Total 

Courtesy 
J. Grantham 


