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We are at the doorstep of a new era in 
bringing meaningful new drug treatments to 
serious unmet needs 

V Never before has so much knowledge served as the 
basis for our work in Development 

V Never before has such a core mass of computational 
skill been brought to the characterization of disease 
progression as it relates to the patient & experimental 
therapy. 
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¢ƘŜǊŜ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ άōƛƎ ŘŀǘŀέΦ  ¢ƘŜǊŜ ƘŀǾŜ 
only been brief periods of inability to analyze & 
interpret new data. 
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Improving Productivity in Pharmaceutical 
Research & Development 

ÁCapable Leadership 

ÁTarget Validation ς the extra mile 

ÁSound Dose Regimen Rationale & 
Appropriate Patient Stratification 
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Value-Based Pharma R&D Productivity: Is 
There A Scalable Model? 
Mark Thunecke, IN VIVO 2014. 
 

1. Leadership has strong understanding of R&D 

2. Great products first, then profits 

3. The courage to focus 

4. Strategic perseverance 

5. Healthy disrespect for the impossible 
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The future is already 

here ð it's just not very 

evenly distributed. 

 
William Ford Gibson 

1993 
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Improving Success 
ü Characterization of validated 

targets 

ü Construction, Qualification & 
application of systems 
pharmacology models 

 Targets Pathways 

Outcomes 

Networks Effects 
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LDL-R Dependence on PCSK9 

String-db.org 
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Gadkar et al., 2014 

LDL-Cholesterol Modulation via Down-

Regulation of LDL-R Clearance 
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Budha et al., 2015 

LDL-Cholesterol Modulation via Down-

Regulation of LDL-R Clearance 

AAPS Journal.  Vol 17:4.  July 2015. 
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My Perspective 

ü Our understanding of this remarkable wealth 

of new data is growing into a knowledge 

base that will form the basis for a new 

generation of therapeutics. 

ü Fundamental organizational and operational 

changes will occur ï together, Systems 

Biology and Pharmacology will become a 

vital knowledge center of every successful 

R&D organization. 

All views and opinions presented have been those of the presenter and do not 

necessarily reflect those of Biogen. 
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Optimising target and compound 
selection to enhance early stage 
decision-making 
 

Paul Morgan,  Head of Translational Safety, Drug Safety and Metabolism, 

AstraZeneca, Cambridge, UK 

  Conference on Improving R&D Productivity ï Brookings Institution, Washington 
28th July 2015 



Reasons for candidate attrition ï across 4 Pharma companies 

a | Primary cause of failure for terminated compounds. b | Differences in the cause of failure for the first half (2000ï2005) and 

second half (2006ï2010) of the decade. c | Differences in the cause of failure in preclinical, Phase I and Phase II 

development. 
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Response from 2 Pharma Companies 

17 



Why is this important? 

Improving success by driving improved candidate 
quality and decision-making 

18 

Drivers of failure 



Type 0 Biomarker that determine the disease 

state or the potential for  therapeutic 

response or patient stratification (e.g. 

genotype or phenotype).

Type 1 The pharmacokinetics of the compound 

typically  usually unbound plasma 

concentrations and/or target site  

exposure.

Type 2 Target occupancy via a direct 

measurement of receptor binding.(e.g. 

PET, autoradiography).

Type 3 An immediate  biochemical response 

as a result of the interaction with the 

target (e.g. measure of signal 

transduction or a measure of  an 

enzyme product).

Type 4A A physiological or tissue response 

directly linked to the pathophysiology.

Type 4B Parallel pharmacology driven through 

the same target but not directly linked 

to the pathophysiology.(e.g.different

tissues such as central vs peripheral)

Type 5 A biomarker of the pathophysiology

(e.g. disease marker).

Type 6 Clinical measure of the outcome in a 

patient population approved by 

regulators (e.g. pain relief). 

Lead Generation (LG)
ÅEvaluation and selection of appropriate target 

engagement biomarker (Type 2, 3 or 4) and 

optimization of PKPD study design.  

ÅUse reference or lead compounds and target 

engagement  biomarker to establish relationship 

between  in vivo and in vitro potency.

ÅEstablish the level of target engagement  

required for meaningful efficacy on the disease 

(Type 5) biomarker.

Target Validation (TV)
ÅTranslational plan outlining development

and evaluation of appropriate biomarkers to 

build PKPD understanding.

Å If in vivo target validation model and a 

reference compound are available, apply

PKPD principles to study design and ensure

a sufficient duration and level of systemic

unbound exposure relative the in vitro 

potency (also considering target class)

Lead optimization (LO) and Candidate selection
ÅClinical candidate criteria should be defined at start of LO based on 

quantitative PKPD relationships established during LG.

ÅRefinement of key relationships with higher quality compounds.

ÅTarget engagement PKPD as a driver for compound optimization.

ÅFor clinical candidate compound: estimate therapeutic concentration 

time profile based on the PKPD relationship developed in preclinical 

species, and translation knowledge like differences PK, target potency 

and system properties

Å Integration of PKPD for safety parameters to assess safety margin. 

Generic MBDDx aspirations and criteria for Drug discovery phases

Animal

Human

Type 5
Pathophysiology

or Disease

Process

Type 6
Outcome

Type 5
Pathophysiology

or Disease

Process

Type 6
Outcome

Type 2
Target 

Occupancy

Type 3
Target 

Mechanism

Type 4A
Physiological

Response

Type 4B
Physiological

Response

Type 0
Genotype /

phenotype

Type 1
Drug

Concentration

Type 2
Target 

Occupancy

Type 3
Target 

Mechanism

Type 4A
Physiological

Response

Type 4B
Physiological

Response

Type 0
Genotype /

phenotype

Type 1
Drug

Concentration

Quantitative relationship between biomarkers

PoCPoPPoMPHC

Interspecies translational relationship

Transduction to Efficacy/SafetyTarget Exposure Target Engagement

Target

Occupancy

kon

koff

Target 

Mechanism

Disease 

Process

OutcomePatho-

physiology
Cp

Dose Ce

Plasma

keo

Target site

PHARMACOKINETICS PHARMACODYNAMICS

Compound-specific properties System-specific properties
A

B

C

Quantitative pharmacology relationships and nomenclature  

Visser et al, Model-based drug discovery: implementation and impact, Drug Discovery Today, 18: 764-775, 2013 19 



5Rs Case Study: AZD9291, an irreversible inhibitor of EGFR 

selective for sensitising and T790M resistance mutations 

 

Å Identified as candidate drug in 2012 

Å 1st patient dosed in 2013 

Å Designated by FDA as breakthrough therapy in 2014 

Å NDA/MAA filing by end 2Q 2015  

Discovery of a Potent and Selective EGFR Inhibitor (AZD9291) of Both Sensitizing and T790M Resistance 

Mutations That Spares the Wild Type Form of the Receptor.  Finlay et al., J Med Chem. 2014 Oct 23; 

57(20): 8249-67 



Right Target:  optimal potency for T790M and selectivity 

over WT-EGFR 

Comp

d 

Coval. 

binde

r 

EGFRm T790M 
Wild-Type  

(WT) 

gefitini

b 
No Active Inactive Active 

erlotini

b 
No Active Inactive Active 

afatini

b 
Yes 

Highly 

Active 
Active Highly Active 

AZD92

91 
Yes Active Active Margin 

Western NSCLC 

EGFR mutation 

Other mutations Other resistance 

Sensitising mutant-EGFRm represents ~40% and 

10% of NSCLC adenocarcinoma tumours in Asian 

and Western patients, respectively 

Asian NSCLC 

EGFR TKI 

resistance 

 

T790M resistance 



Right Tissue/Exposure: AZD9291 and metabolite PK incorporating irreversible 

binding and mechanistic biomarker (pEGFR) describes tumour growth inhibition 

in H1975 (T790M) mouse xenograft 

22 

Receptor  

turnover pEGFR 

 

Irreversible 

binding to AZD9291 

and AZ5104 

PK model: AZD9291, AZ5104  

PK 

Mouse PK dose normalised   

to 1 mg/kg 

14 days 

dosing  
re-growth delay 

PD: 

Mechanistic 

Biomarker  

(pEGFR) 

Tumor 

growth 

inhibition 

Tumour volume 

(25 mg/kg doses) 
Tumour PD (pEGFR) 

(25 mg/kg single dose) 

AZD9291      

AZ5104 

Receptor  

synthesis 



Right Safety:  Insulin Receptor affinity removed from 

AZD9291 profile ï removes potential hyperglycaemia risk   
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Single oral dose studies (200 mg/kg) with assessment of insulin and glucose homeostasis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Discovery of a Potent and Selective EGFR Inhibitor (AZD9291) of Both Sensitizing and T790M Resistance Mutations That 

Spares the Wild Type Form of the Receptor.  Finlay et al., J Med Chem. 2014 Oct 23; 57(20): 8249-67 

Compound  

1 

Compound  

2 

Compound  

3 

Compound  

4 

Compound 5  

(AZD9291) 

EGFRm+ sensitising mutation cell IC50 

(pEGF µM) 
0.39 0.016 0.021 0.002 0.017 

EGFRm+/T790M double mutation cell IC50 

(pEGF µM) 
0.091 0.002 0.004 0.0007 0.015 

EGFR wild type cell IC50 (pEGFR  µM) 23.0 0.36 0.94 0.15 0.48 

IR Kinase IC50 (µM) 0.016 0.014 0.022 0.15 0.91 

IGFR cell IC50 (pIGFR µM) 0.099 0.16 0.49 0.10 3.3 

Ratio SM/IGFR  cell selectivity 0.25 10 23 48 194 



Right Patient:  AZD9291 Clinical activity in patients with 

advanced NSCLC with T790M positive lesions 

24 

20 mg 40 mg 80 mg 160 mg 240 mg Total 

10 32 61 41 13 157 

ORR 
 (95% CI) 

50% 
(19, 81) 

59% 
(41, 76) 

66% 
(52, 77) 

51% 
(35, 67) 

54% 
(25, 81) 

59% 
(51, 66) 

*Imputed values for patients who died within 14 weeks (98 days) of start of treatment and had no evaluable target lesion assessments 

Nine patients (seven in the 160 mg cohort) currently have a best overall response of not evaluable, as they have not yet had a 6-week follow-up RECIST assessment 

Patients are evaluable for response if they were dosed and had a baseline RECIST assessment. Data cut-off 2 Dec 2014 

CI, confidence interval; CR, complete response; D, discontinued; DCR, disease control rate; PR, partial response; RECIST, Response Evaluation Criteria  

In Solid Tumors; SD, stable disease 

DCR (CR+PR+SD) in patients with centrally tested T790M positive tumours was 90% (141 / 157; 95% CI 84, 94) 
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 Presented by Pasi A Jänne at the 2015 European Lung Cancer Conference. Ann Oncol 2015; 26(Suppl1): i60, LBA3.  
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Candidate short-
list 

Target Safety 
Assessment 

On-target and 2o 
safety screening  

Investigational tox in 
rodent and/or non-

rodent 

Bespoke 
chemical & 

target organ 
risk 

mitigation  

25 

Improvement in preclinical safety attrition: earlier hazard 

detection, quantitative & translational risk assessment    

Target Organ  

Safety 

GLP Ph1 

2 week rodent  

Control + 3 doses 3M+3F 

2 week non-rodent  

Control + 3 doses  

 4 week rodent + recovery.  

Control + 3 doses  

 4 week non-rodent + 

recovery  

Control + 3 doses  

Non-rodent  CV Safety 

(telemetry)  
Safety Pharm package, 

ie CNS, GI, Resp, Renal 

Pre-nom 

Effect

TD

TK

TKTD

Narrow Broad 
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12 

2005-2010 2011-2014

% Preclinical Safety Attrition 

PK/PD & Systems Pharm  



Tackling drug survival: systematic and quantitative 

approach to key translational knowledge  

Å  Apply fundamental pharmacokinetic-pharmacodynamic principles to 

choose right combination of target, candidate, efficacy and safety profile  

Å  Evidence-based decision making; generate data/knowledge in 

preclinical and clinical setting 

Å  Make informed decisions early in development   

26 

The Best  

Target 

Clinical   

Learning 

Loop 

The Best Small 

or Large 

Molecules 
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Case study:  Predictive power of integrated risk 

assessment based on non-clinical CVS studies  

hERG 

Guinea Pig 

Dog ï single dose 

Dog ï repeat-dose (day 28) 



Pre-clincal data indicated QT risk 

SAD study ECG monitoing designed accordingly 

PK/PD modelling of SAD study QTcF and efficacy biomarker data indicated insufficient safety 

margin 

Compound stopped 

Clinical outcome of QT study confirmed CV risk and 

low safety margin to efficacy biomarker  

Sparve et al, JPET, 2014, 350: 469-72.  Prediction and modeling of effects on the QTc interval for clinical safety margin assessment, 

based on single-ascending-dose study data with AZD3839. 
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Drug attrition is a major cause of R&D productivity challenge  
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Å148 failures b/n Ph2 and submission in 2011-12  

Arrowsmith and Miller, Trial Watch: Phase II and III attrition rates 2011-2012.  Nature Reviews Drug Discovery, 12, 

569, 2013  
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6 

36 

49 

30 

22 

Ph IIb 

21 

6 9 

Ph IIa 

51 

21 

8 

Ph I 

106 

51 

25 

Pre-clin 

180 

106 

25 

Pre-nom 

248 

180 

32 

Active compounds 

Parked + Closed compounds 

Successful compounds 

225 
Total compounds/ 

projects in scope1 
142 73 54 

1 Compounds / projects excluded for a variety of reasons, for example, investigational compounds, biologics, old projects, or data 

not readily available; Active projects were not included in Pre-clinical and Phase I analyses 

ǐ> 80% of 2005-2010 portfolio compounds assessed 

ǐCompounds assessed in each phase separately 

Comprehensive approach to assess full 2005-10 AZ iMed 

portfolio 



Overview of AZ project success rate and reasons for 

closure 

Cook et al, Lessons learnt from the fate of AstraZenecaôs drug pipeline: a five dimensional framework.  

Nature Reviews Drug Discovery, 13, 419-431, 2014 33 



Type of adverse findings: Preclinical Nonclinical Nonclinical Nonclinical Phase I-III Phase I-III Phase I-III Phase I-II 

Information: Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Causes of 

attrition 

Source: ABPI (2008) 

Unpublished 

BMS  

(Car, 2006) 

GSK (2011) 

Unpublished 
AZ (NRDD 

2014) 

Olson et al. 

(2000) 

ABPI (2008) 

Unpublished 

DIA Daily 

Jan-Dec 2010 
AZ (NRDD 

2014) 

Sample size: 156 CDs 

stopped 

88 CDs 

stopped 

UNKNOWN 48 CDs 

stopped 

82 CDs  

stopped 

63 CDs 

stopped 

18 CDs 

delayed/stopped 

33 CDs 

stopped 

Cardiovascular: 24% 27% 40% 17% 21% 35% 22% 24% 

Hepatotoxicity: 15% 8% 10% 14% 21% 29% 11% 14% 

Nervous system: 12% 14% 8% 7% 21% 2% 22% 38% 

Immunotox; photosensitivity: 7% 7% 4% 0% 11% 10% 22% 3% 

Renal: 6% 2% 4% 8% 9% 5% 0% 10% 

Gastrointestinal: 5% 3% 8% 3% 5% 2% 11% 10% 

Haematology/ Bone marrow: 3% 7% 4% 2% 4% 3% 0% 0% 

Reprotox: 9% 13% 7% 7% 1% 5% 0% 0% 

Musculoskeletal; Connective tissue 8% 4% 6% 12% 1% 5% 6% 3% 

Genetic tox: 5% 5% 4% 10% 0% 0% 0% 3% 

Respiratory: 1% 2% 0% 8% 0% 2% 6% 3% 

Carcinogenicity: 0% 3% 0% 0% 0% 3% 6% 0% 

Other: 4% 0% 4% 11% 4% 2% 11% 3% 

1-9% 10-19% >20% 0% 

The various toxicity domains have been ranked first by contribution to attrition due to clinical findings, then by nonclinical findings. 

 

        

Safety-related attrition is a major cause of drug attrition  

Courtesy of Will Redfern, AZ 
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5-Dimensional framework used for project assessment 

Right target 
Á Strong link between target and disease 

Á Differentiating efficacy 

Á Available and predictive biomarkers 

Right 

tissue 

Á Adequate bioavailability and tissue exposure 

Á Definition of PD biomarkers 

Á Clear understanding of preclinical and clinical PK-PD 

Right 

safety 

Á Differentiated and clear safety margins 

Á Understanding secondary pharmacology risk 

Á Reactive metabolites, Gentox, Drug-drug interactions 

Á Understanding of target liability 

Right 

patients 

Á Identification of most responsive patient population 

Á Definition of risk/benefit for given population 

Right 

commercial 

Á Differentiated value proposition vs. future standard of care  

Á Market access/payer/provider focus 

Á Personalised healthcare strategy including 

diagnostic/biomarkers 

Cook et al, Lessons learned from the fate of AstraZeneca drug pipeline: a five-dimensional framework, NRDD, 16 May 2014  



5Rs Portfolio Review ï Project deep dives 
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Create a draft evaluation 

of the project 
Fill in óagnosticô survey 

(200 questions) 

Finalize project evaluations in 

working sessions 

Distil end products 

# Question

1.
Was there preclinical evidence of target 

validation for the anticipated lead indication? X

2.
Was there evidence of adequate binding to 

pharmacological target? X

3.
Efficacy biomarkers ï what were they 

measuring? X

é
é

é é é é

198.
Efficacy biomarkers ï what were they 

measuring? X

199.
Efficacy biomarkers ï what were they 

measuring? 

200.
Efficacy biomarkers ï what were they 

measuring? 

Options

AZD-1234 ASSESSMENT

ǐTBD
Right target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZD-1234
IMED

TYPE

FAILED/ SUCCEEDED 

IN PHASE TBD

COMMENTS/ 

SUMMARY 

STATEMENT

VALUE PROPOSITION

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD

Commercially 

attractive

ǐTBD

Enablers
ǐTBD

AZ-TBD

IMED - ONCOLOGY

SRC- INHIBITOR

FAILED IN PHASE IIB

DUE TO EFFICACY

OUTCOME 

POTENTIALLY 

COMPOUNDED BY 

CHOICE OF CHEMO

FIRST IN CLASS ANTI-

INVASIVE TUMOR

DRUG

COMPOUND OVERVIEW

ASSESSMENT

ǐGood target validation preclinical 

but not clinicalRight target

Proven efficacy
ǐTBD

Proven safety
ǐTBD

Right patients
ǐTBD

Right tissue / 

right time

ǐTBD
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3 Basic Principles of Survival in Phase 2   

~45 Phase 2 studies, conducted between 2005 & 2009 

within Pfizer, were analyzed in depth 

Outcome of termination or progression to Phase 3 was 

compared with confidence in PKPD relationship and 

confidence in testing the mechanism 
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Analysis identified 3 basic principles of survival 

which, when all three were present, was highly 

predictive of success in Phase 2 for this cohort 

Morgan et al, Can the flow of medicines be improved? Fundamental pharmacokinetic and pharmacological principles 

towards improving Phase 2 survival. Drug Discovery Today: 2012, 17, 419-424 



3 Basic Principles of Phase 2 Survival 

1. Exposure at the target site of action as expected 

for pharmacological activity. 

 

2. Binding to the pharmacological target as 

expected for its mode of action. 

 

3. Expression of pharmacological activity 

commensurate with the demonstrated target 

exposure and target binding.   

38 



Risk Management with respect to enabling Proof 

of Mechanism 

Data and knowledge around the 3 principles can be used to assess risk being carried 

forward and to inform appropriate clinical study design for testing the mechanism 

39 

Exposure 

Confidence 

Pharmacology Confidence 

None or Partial Pillars 

Binding to target but no data to show 

relevant downstream  

pharmacology effect; exposure only in 

plasma, not at target site (eg CNS); PKPD 

not well established  

Serious concerns that mechanism can 

be tested & clinical studies unlikely to be 

definitive  

Pillar 1 and 2 

Target exposure and target binding concur but 

no data to show relevant downstream 

pharmacology effect or data is not at site of 

action.  

Risk in relying only on exposure and 

binding; study design & decision-making 

from clinical endpoint needs to be crisp 

Pillar 1,2,3 

Target exposure shown and concurs with 

target binding which results in expression of 

relevant downstream pharmacology effect at 

site of action. PKPD well established. 

Maximum confidence in translation of 

drug exposure and pharmacology & of 

testing the mechanism 

Pillar 2 and 3 

Binding to target shown but exposure only in 

plasma, not at target site (eg local 

administration to target); data showing 

relevant downstream pharmacology effect.  

Reasonable risk being carried forward if 

confident that drug reaches target in 

humans & clinical endpoint relevant to 

site of action  

Hi, Hi 

Lo, Lo 



Alignment with 3 principles for 45 Phase 2 

projects 
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Exposure 

Confidence 

Pharmacology Confidence 

None or partial pillars  

 

Total = 12 

Å 12 failed to test mechanism and all 

were Phase 2 RIPs 
 

Pillar 1and 2 

 

Total = 12 

Å 5 tested mechanism (target 

BMs) 

Å 2 Phase 3 starts (17%) 

 

Pillar 1,2,3 

  

Total = 15 

Å All 15 tested mechanism 

Å 12 tested mechanism & achieved 

positive POC (73%) 

Å 8 advanced to Phase 3 (57%) 

  

Pillar 2 and 3 

 

Total = 6 

Å 5 tested mechanism 

Å No Phase 3 starts  

Hi, Hi 

Lo, Lo 



Oncology agents frequently limited by on target toxicities 

Drugs in oncology are often inherently 

cytotoxic 

 

Toxicity (on target) and efficacy closely linked 

 

Narrow therapeutic window 

 

Success depends on maximizing exposure 

and minimizing toxicity 

Nature Reviews Cancer 1, 99-108 (November 2001) 



Right Safety:  PBPK ï Systems Toxicology approach would 
address safety related risks early in drug discovery and 
would inform clinical dose and scheduling options  



Build model of intestinal cell dynamics 

Biological Understanding 
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Model Structure 

Parameter Rodent 

Model  

Huma

n 

Model 

Stem Cells/Crypt 10 10 

Stem cell 

doubling time 

16 hrs 72 hrs 

TADC doubling 

time 

12 hrs 32 hrs 

Shedding rate 0.45 

/day 

0.2 

/day 

# of Transit 

compartments 

4 5 

# of Crypts 

feeding each 

villus 

7 7 



Testing model in rat:  fitting irinotecan PK and g.i. toxicity 

PK model for non-linear Irinotecan 

/SN38 in rats 

Model fits (lines) to rat PK data (markers) 
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50 mg/kg  

12.5 mg/kg  

25 mg/kg  

100 mg/kg  



Simulation of human GI toxicity  
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Results for 125 mg/m2/wk for 4 

weeks on and 2 weeks off 

Hecht, Gastrointestinal toxicity of Irinotecan, Oncology, 1998 
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Courtesy of Harish Shankaran and Jay 

Mettetal; manuscript in preparation 



Gennemark P, et al. A modeling approach for compounds affecting body composition .  Journal of Pharmacokinet  & 

Pharmacodynamics,  40(6):651-67, 2013. 

Right Target and Right Tissue:  Quantitative modelling 

approach for compounds affecting body composition  

46 



Modelling and Informatics Approaches inPreclinical Safety  

Fit for purpose 

Effect

TD

TK

TKTD

PK/PD & 

Empirical models 

Systems Pharmacology/ 

Mechanism based models 

Informatics & 

òBig Dataò Approaches 

Narrow Broad 
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e
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Data Types 
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u
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n
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ñOld Fashioned Elbow Greaseò 



3 Pillars of Survival and 5Rs framework 

48 

Right 

target 

Á Strong link between target and disease 

Á Differentiating efficacy 

Á Available and predictive biomarkers 

Right 

tissue 

Á Adequate bioavailability and tissue exposure 

Á Definition of PD biomarkers 

Á Clear understanding of preclinical and 

clinical PK-PD 

Right 

safety 

Á Differentiated and clear safety margins 

Á Understanding secondary pharmacology risk 

Á Reactive metabolites, Gentox, Drug-drug 

interactions 

Á Understanding of target liability 

Right 

patients 

Á Identification of most responsive patient 

population 

Á Definition of risk/benefit for given population 

Right 

commer

cial 

Á Differentiated value proposition vs. future 

standard of care  

Á Market access/payer/provider focus 

Á Personalised healthcare strategy including 

diagnostic/biomarkers 
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General Outline  

Å  Target Identification and Validation  

Å  Backdrop 

Å  Challenges 

Å  Optimizing Approaches 

Å  Future Directions 

Å  Conclusions 

 



Patients 
Regulatory 
Approval 

Basic Research Exploratory Discovery Preclinical Phase 1 Phase 2 Phase 3 

Target ID 
ÅGenetic screening 
ÅTxP profiling 
ÅEpidemiology 

 

 

Target Prosecution 
ÅAssay 

Development 
ÅHTS/Lead ID 
ÅLead Optimization 

 

Cmpd De-Risking 
ÅSafety 
ÅToxicology 
ÅPK/PD modeling 
ÅBiomarkers 

 

 

Proof of Mechanism 
ÅSafety 
ÅTolerability 
ÅExposure to target 
ÅTarget Engagement 
ÅEvidence of pharm 
ÅESOE studies 

 

Proof of Concept 
ÅEfficacy 
ÅSafety 
ÅBiomarker 
ÅESOE 

Target Validation 
ÅAnimal models 
ÅCellular assays 
ÅHuman tissue 

profiling 
 

Pivotal Trails 
ÅEfficacy 
ÅSafety 
 

Translational 
ά±ŀƭƭŜȅ ƻŦ 5ŜŀǘƘέ 

Target Identification and Validation on the Translational Continuum 

Potentially Face a delay of between 
10-15 years.  

http://www.naturalnews.com/019443_fictitious_diseases_health_empowerment.html


ñThere is growing acceptance that a é fundamental paradigm 

shift is required if we are to accept that drug discovery is [at present] 

the art of developing effective treatments against diseases we do 

not fully understand using drugs we do not fully know how they work.ò   

Drug Discovery Today, 2013 

For the past 20 years target-based drug discovery has been the main 

research paradigm used by the pharmaceutical industry and billions of dollars 

have been invested into this approach é recent industry data strongly 

indicate that the target-based approach is not an effective drug discovery 

paradigm and is likely to be the cause of the productivity crisis é from a 

theoretical and scientific perspective the target-based approach appears 

sound, so why is it not more successful? 



Lessons learned from the fate of AZõs Drug 

Pipeline ð Retrospective Analysis 

Â The five most important determinants of 

project success and pipeline quality ï 5 Rôs 

Ç The right target 

Ç The right patient 

Ç The right tissue 

Ç The right safety 

Ç The right commercial potential 

Â Plus the 6th factor ï THE RIGHT CULTURE 

Cook et al., 2014, Nat. Rev. Drug Discov.  

Cryan, 2002 



What is a drug target? 

The definition of a drug target can be relative as well as elusive: 
 
ÅThe target may be a drug target in one tissue, but not in another. 
ÅThe target may be a drug target in one age group, but not another. 
ÅThe target may be a drug target in one gender, but not the other. 
ÅThe expression, activity, and structure of target may change over the during 
the course of a pathological process. 
ÅThe structure/function of target may be altered by drug treatment. 
ÅThe target may not be involved in the disease process. 

 

A native protein in the body whose activity is modified by a drug, resulting 
in a therapeutically relevant response.  

{ƻƳŜ ΨƳȅǘƘǎΩ ŀōƻǳǘ ŘǊǳƎ ǘŀǊƎŜǘǎ 
Most disorders can be treated by focusing on a single target 
 
Approaches to target identification and validation are similar across 
therapeutic areas or diseases 



Evolution of Research Strategy underlying Drug Discovery 

Phenotype-based 
 
 

Target-based 

Trial and error 

Biochemistry-based: 

Physiology-based: 

Target & Phenotype 
 Based 



Target 
Validation 

ÅGenerate evidence that modulating target 
function produces therapeutically relevant 
effects. 
ÅClarify the mechanism of action for drug 

interaction. 

Target 
Selection 

Target 
Identification 

ÅClearly define the molecular identity of the 
target. 
ÅGenerate data that builds confidence that the 

target is involved in disease process. 
 

Understand and select based on: 
ÅSafety liabilities 
ÅTechnical/chemical feasibility of prosecuting. 
ÅFit with portfolio 
ÅCompetitive position 
ÅIntellectual property constraints 

Increasing information 
around target 
ÅIncreases value  
ÅDecreases risk  
ÅAdvances field of science 
ÅInforms future target discovery 

ÅDevelopment of assays that can measure the 
effects of test compounds on target function. 
ÅHigh-throughput screening and the discovery 

molecules that modulate target activity. 
ÅOptimization of molecules to satisfy 

requirements for therapeutic indication. 

Target 
Prosecution 

First Significant Commitment of Resource 

Basic Logic of Target-based Discovery 

R. Ring, Unpublished 



Rate of Target Innovation 

High Target 
Innovation 

Re-use of 
Established 
Mechanisms 

Overington et al., 2006 



Novelty in the Pharmaceutical Target Landscape 

Agarwal et al., Nat. Rev. Drug Discov. 2013 



Ambiguity and Novelty in Drug Targeting 

Kinch et al. 2015 



ÅDistribution of target in tissues, cell types, and/or 
biological fluids. 
ÅIdentify possible side effect liabilities. 
ÅUnderstand the safety concerns up front  and plan for 

mitigation. 
 

ÅUnderstanding of homologies with other targets. 
ÅDefine the goals for selectivity when entering drug 

discovery and design. 
ÅBasic understanding of the side effect liabilities with 

nearest neighbors. 
 

ÅUnderstanding of species differences in target. 
ÅConfirm and understand expression in species used for 

validation studies and program prosecution (tissues, cell 
types, fluids). 
ÅUnderstand species homologies (sequence, function, 

pharmacology). 
 

ÅInformation used to understand 
risk of pursuing target. 
 

ÅAids in selecting relevant validation 
models. 
 

ÅDefines early de-risking strategies 
for target prosecution. 
 

ÅIncreases value. 

Additional information gathered during target identification phase: 

Target Identification: 

R. Ring, Unpublished 



New Target Validation: 

The majority of target validation efforts are focused on demonstrating that the 
modulation of target function produces a biologically relevant effects in model 
systems.  Initial evaluation frequently involves: 
 
ÅModulation of a disease-relevant phenotype in animal models.  

ÅBehavior 
ÅBody weight  
ÅBody temperature 
ÅStructure 
 

ÅModulation of a specific biology in predictive models of drug action. 
 

ÅModulation of cellular function(s) in vitro 
ÅBiochemical endpoints relevant to signal transduction. 
ÅElectrophysiology  
ÅApoptotic processes 

 
 

 
ά! ǘŀǊƎŜǘ ƛǎ ƴƻǘ ǾŀƭƛŘŀǘŜŘ ǳƴǘƛƭ ŀ ŘǊǳƎ ǿƻǊƪǎ ƛƴ ǘƘŜ ŎƭƛƴƛŎέ 



Å2/3 of published data were not reproducible or had inconsistencies that lead to prolonged delays or 
termination of projects. 
ÅReproducibility does not correlate with journal impact factors.  
ÅUnspoken Rule (Venture Capital Perspective): 50% of published studies cannot be repeated with 

similar conclusions in industry labs. 
ÅLikely Explanations:  

ÅInappropriate statistical analysis of results 
ÅImmense competition among labs and pressure to publish. 
ÅBias towards the publication of positive results. 

ÅEstimated that prevalence of irreproducible preclinical research results in ~$28B in US Alone 
(Freedman et al. PLOS Biology, 2015) 

Inconvenient Truths about Validation: Need for Replication 
Validity of published data on potential targets is crucial for drug companies when 
deciding to start novel projects 

Prinz, Schlange, & Asadullah  Nature Reviews Drug Discovery 2011 



Analysis of AZ Project Closures 
 Due to Efficacy Issues 

Å 40% lacked data demonstrating 
      linkage of target to the disease 
 
Å Lack of access to a well-validated 
      animal model 
 
Å 73% of targets with some genetic 
      linkage to the disease were 
      ongoing or successful in Phase II 
 
Å Projects with efficacy biomarkers 
      at the start of Phase IIa were more 
      successful or ongoing (82 vs 29%) 
 

Cook et al., 2014 



Target ID/Validation Case Study: Nav 1.7 (SCN9A) 

ÅIndex case: 10 yr old street performer, Northern 
Pakistan 
 

ÅDied jumping of a house roof. 
 

ÅCongenital inability to perceive any form of pain. 
 

ÅAll other sensory modalities (PNS and CNS) normal. 
Could feel pressure, warm, cold etc. 

Family 1 Family 2 Family 3 

Chromosome 2 

2q24 

AC064843GT21 

AC092641TG18 

SCN9A (?) 

Cox et al Nature 2006 

Sodium Channelopathy 

http://www.app.com.pk/photo/photo_lib/19-01-2009/19aced6898d9b75b0551f8e712f0b533.jpg


Phenotype-based versus Target-Based 
Drug Discovery 

Terstappen et al., Nat. Rev. Drug Disc., 2007 



Target deconvolution: The heart of chemical 
biology and drug discovery 

Jung and Kwon, Arch. Pharm. Res., 2015 



Cumulative Distribution of New Drugs by 
Discovery Strategy 

Swinney et al., Nat. Rev. Drug Discov., 2011 

First in Class Follower Drugs 



New Drug Discovery 
Strategies 

Swinney and Anthony, 2011 

tƘŜƴƻǘȅǇƛŎ ǾǎΦ ¢ŀǊƎŜǘπ.ŀǎŜŘ 5ǊǳƎ 5ƛǎŎƻǾŜǊȅ 
ŦƻǊ CƛǊǎǘπƛƴπ/ƭŀǎǎ aŜŘƛŎƛƴŜǎ 



Biomarkers & Bioinformatics 



Challenges of Pain Models 

Â Pain is a subjective, multidimensional experience 
Ç Sensory, emotional and cognitive components 

Ç Difficult to incorporate into a single animal model 

Ç Pain is clinically heterogeneous 

Ç Many preclinical models assess pain using reflex assays ï not 
the case clinically 

Â Complex pathophysiology ï acute and chronic 

Â ñCNS plasticityò ï central reorganization 

Â Substrates for pain likely involve a number of pathways and 
mechanisms ï neuroinflammatory, channels, cytokines, 
GPCRs ï likely not a single-target approach 

Â Number of significant clinical failures 
Ç NK-1 Antagonists 



MicroRNAs as Biomarkers of Pain Conditions 

Â MicroRNAs are 

emerging as pivotal 

players in pain 

Â Represent potential 

biomarkers and 

therapeutic targets 

Â Have the potential to 

engage multiple 

targets  

Andersen et al., 2014 



 
Features of CRPS ς Edema, color change, dystonia  
 



Bioinformatics prediction indicates putative miR-939 
binding sites in mRNAs involved in pain and inflammation 

TNF-a tumor necrosis factor alpha 

TNFAIP1 Tumor necrosis factor alpha induced protein 1 

iNOS Inducible nitric oxide synthase 

VEGFA vascular endothelial growth factor A 

IL-6 interleukin-6 

NFkB nuclear factor kappa B 

SCN4a Sodium channel, voltage-gated, type IV, alpha subunit 

OPRM1 opioid receptor mu -1 

Bioinformatics prediction by TargetScan and/or miRBase 

Rationale: Modulating the levels of one miRNA capable of targeting several 
genes and can amplify a pro-inflammatory signal transduction cascade 

Ajit et al., Unpublished 



Circos diagram showing the correlation of 
selected parameters and miRNAs  

  

The nodes along the circle are colored 
by the total strength of correlation of 
the corresponding variable  
 
 Strong negative correlations shown in 
dark blue (e.g., narcotics vs. hsa-miR-
191). 
 
Strong positive correlations are shown 
ÐÕɯËÈÙÒɯÙÌËɯȹÌȭÎȭȮɯ×ÈÐÕɯÓÌÝÌÓɯÝÚȭɯɁIL1Ra, 
5$&%ȮɯÔÐ1- ÚɂȺ 

  negative correlation               positive correlation  

Orlova   et al. 2011 



Distribution of Drugs and Drug Targets 

Yildrum et al., 2007.  Nat Rev. Drug Discov. 



Polypharmacology 

ά¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǘƻƻƭǎ ƻŦ 
systems biology, network pharmacology and 
chemical biology offer hope that combinations 
of two or more targets can be identified which 
when modulated  would be predicted to lead to 
a greater beneficial effect on disease compared 
ǿƛǘƘ ǘŀǊƎŜǘƛƴƎ ŀ ǎƛƴƎƭŜ ǇǊƻǘŜƛƴέΦ 

 

J.G. Cumming et al. Potential strategies for increasing drug-discovery 
 productivity.  Future Med. Chem. 2014, 6: 515-527. 



Multi -target Approaches, Systems and Network 
Pharmacology 

Hopkins Nat. Biotech., 2007 

Hugo Geerts & Ludo Kennis, 2014 

Systems Pharmacology: An opinion on how how to turn 

the impossible into grand challenges Hans V. Westerhoff1,2,3,*, 

Shintaro Nakayama2, Thierry D.G.A. Mondeel1, Matteo Barberis1  

A pharmacology that hits single disease-causing molecules with a 
{ƛƴƎƭŜ ŘǊǳƎ Χ  is not going to ōŜ ŜŦŦŜŎǘƛǾŜ Χ ŀ ƎǊŜŀǘ many diseases are  
systems biology diseases; complex networks of some hundred 
thousand types of molecule, determine the functions that constitute 
human health, through nonlinear interactions. Malfunctions are 
caused by a variety of molecular failures at the same time; rarely the 
same variety in different ƛƴŘƛǾƛŘǳŀƭǎ Χ CŜǿ molecules cause disease 
single-handedly and few drugs will cure the disease all by themselves.  

Drug Discovery Today: Technologies, 2015 



Computational Multi-target Screening 

Jenwitheesuk et al., 2008 



 

 

 

¸ƻƎƛ .ŜǊǊŀΥ  ά²Ŝ ƳŀŘŜ ǘƻƻ Ƴŀƴȅ ǿǊƻƴƎ ƳƛǎǘŀƪŜǎέ 
 
wƛŎƘŀǊŘ [Φ 9ƭƭƛƻǘǘΥ  ά²Ŝ ŀǊŜ ƴƻǘ ǾŜǊȅ ƎƻƻŘ ŀǘ ǇƛŎƪƛƴƎ ŘǊǳƎ ǘŀǊƎŜǘǎέ 

Lesson #1:  Go after compounds, not targets. 
 
Lesson #2:  Some things, such as chemical libraries and HTS hits should be pre-competitive. 
 
Lesson # 3:  Be open-minded and not afraid to take risks. 
 
Lesson #4:  Have a long-term strategic vision and stick with it. 



General Conclusions 
ÅDrug discovery and development starts with identification of the 

target 

ÅThere are a variety of ways to attempt to validate the target and 
increase the probability of success 

ÅTarget-based approaches along with phenotypic approaches both 
provide valuable information  

ÅMost diseases and disorders are complex and single target 
approaches are not always viable or successful; means to develop 
multi-targeted approaches using computational and network biology 
are of growing importance 

ÅComplex, heterogeneous diseases and disorders require a systems 
biology approach.   There is patient heterogeneity, different etiology 
diverse comorbidities - all requiring the need for more integrative 
approaches to understanding the pathophysiology and the appication 
of effective pharmacology   

 



 

May you live a long pain-free life  

Thank you! 
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Supportive Nonclinical Studies 

ÅPharmacology/Safety pharmacology 

ÅRepeat dose toxicity (rodent, non-rodent) 

ïTest species based on human PD/PK similarity 

ÅGenotoxicity (in vitro, in vivo) 

ÅDevelopmental & Reproductive (DART) 

ïFertility    

ïEmbryo-fetal developmental  

ïPre-/Post-natal development  

ÅCarcinogenicity 




