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The classical Drug Development Pipeline is in 
Trouble 

Nature Reviews Drug Discovery 2012; 11:191



Improving the Process

Nature Reviews Drug Discovery 2010; 9:203



Proof-of-Mechanism

• Demonstrate key aspects of the anticipated pharmacological profile 
 ‘Drug-target engagement’ – the first step of translation

 Explore PK/PD relationships – assist with dose selection 

 Often employs biomarkers

 Often ignored in phase I or IIa – ‘a missed opportunity’



Biomarkers

• FDA definition
“A characteristic that is objectively measured and evaluated as an indicator of 
normal biological processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention”

• Uses
Faster proof of concept and better stop/go decisions at early stage of clinical 
development

• Examples 
oCT
oFDG-PET
oMRI/MRS
oBlood pressure
oArterial stiffness
oForearm blood flow
oCRP
oHeat shock protein



Epoxyeicosatrienoic Acids (EETS): 
Arachadonic acid metabolites

Nature Reviews Drug Discovery 2008; 8: 794



EET: Effects and a Plausible Target



Effects of SEH inhibitors in a Rat 
Hypertension Model

Clin. Sci. 2009;116: 61 



EDHF and Epoxyeicosatrienoic Acids (EETs)

Trends in Pharmacological Sciences 2002;8:374



Forearm Plethysmography and ia Drug Infusion



Agonists and inhibitors

LNMMA AspirinX X
Fluconazole

X



-5.0 -4.5 -4.0 -3.5
0

5

10

15

ACh dose

EETs: Agonist responses

ACh1 ACh2 ACh3BL

Acetylcholine

Fluconazole

LNMMA+ASA

Triple

Saline

P=0.04

P<0.0001

-7.5 -7.0 -6.5 -6.0
0

5

10

15

BK dose

Bradykinin

BK 1 BK 2 BK 3BL

P<0.0001

P=0.04
P<0.01

FB
F 

R
at

io

Yang unpublished data 



-7.5 -7.0 -6.5 -6.0
0

5

10

15

20

BK dose

FB
F 

R
at

io

Control BK + Fluconazole
Control BK alone

COPD BK + fluconazole
COPD BK alone

Vascular EETs Generation in COPD

P=0.001 
P=0.008 

BL    BK 100pmol BK 300pmol BK 1000pmol

Yang et al. Chest 2016; in press



SHE Inhibition in Human Vessels ex vivo

Yang et al. Chest 2016; in press



SEH inhibition

Screening Treatment period 
14 days of GSK 2256294 or placebo

FBF
baseline

FBF
day 1 

acute effect

FBF
day 14

chronic effect

35 days
Randomisation

• First time in human clinical trial to assess the safety, tolerability, 
pharmacokinetics and pharmacodynamics of single and repeat 
doses of an SEH inhibitor (GSK 2256294)  in obese smokers.



Response: 18mg
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Human Endothelins

Physiol Rev2011; 91: 1–77



Endothelins: Integrated physiological effects

Physiol Rev2011; 91: 1–77



Endothelin-1 is a Vasoconstrictor and 
Regulates Basal Tone in Man

Haynes Lancet 1994;344:852



Endothelin Antagonists: prolonged effects

Lunnon et al. BJCP 2010; 69:252



Proof-of-Concept

• Demonstrate efficacy in modifying the disease process
 ‘Does what it says on the box’ – Phase IIa

 Usually rely on surrogate markers or biomarkers

 Statistical approach – ‘mini phase 3’



Surrogate Markers

• FDA definition
“a biomarker that is intended to substitute for a clinical endpoint. A 
surrogate endpoint is expected to predict clinical benefit or harm (or 
lack of benefit or harm) based on epidemiologic, therapeutic, 
pathophysiologic, or other scientific evidence”
•Uses
o Proof of concept
o Registration 

• Examples
oDiastolic blood pressure
oLDL cholesterol
o6 minute walk test
o(HDL cholesterol)
o(HbA1c)



Potentially Useful Cardiovascular Surrogates 

• Blood pressure

• Endothelial function

• Vascular inflammation 

• Aortic stiffness 

Lancet 2002; 360: 1903-13 Perticone Circulation 2001; 104:191 and Kitter JACC 2009; 53: 232Figueroa JACC CV Imaging 2013; 6:1250Ben-Shlomo et al. JACC 2014;63:636



Proof-of-concept in Hypercholesterolaemics
Losmapimod a p38 MAPKinase Inhibitor

Cheriyan Circulation. 2011;123:515-523



Elkhawad JACC Imaging 2012;5:911

Proof-of-concept in Stable CVD
Losmapimod a p38 MAPKinase Inhibitor



Newby Lancet 2012;384:1187

Proof-of-concept in NSTEMI
Losmapimod a p38 MAPKinase Inhibitor



Phase 3 
Acute MI 

Newby JAMA 2016;315:1591



COPD – an Inflammatory Condition?

Eur Respir J 2006; 27: 627 & PLoS Med 2010;  7(3): e1000220



Lospamimod in COPD: Endothelial Function 
and Vascular Inflammation



Proof-of-Concept: Lessons 

• Biomarker and surrogate validity
o Accuracy, repeatability, stability
o Predictive value
o Predicts effect of Rx

Atherosclerosis Cardiovascular 
Events

Inflammation
Endothelial dysfunction

Oxidative stress

Rx



Proof-of-Concept: Lessons 

• Correct paradigm and disease  
o Anti-inflammatory effect is relatively weak (failed in RhA)
 Chronic low level inflammation – stable CAD, hypercholesterolaemia
✘ Acute severe inflammation – MI or COPD 

o Anti-inflammatory effect is relatively short-lived 
 Acute MI
✘ Stable CAD, hypercholesterolaemia



Back Translation 

• Understanding why things haven’t worked out
o Disprove surrogates or paradigms 

o Invalidate targets

o Better understand disease processes or mechanisms 



HDL

Emerging Risk Factors Collaboration JAMA. 2012;307:2499



Effect of HLD Raising Drugs 

Keene et al BMJ 2014;349:g4379



Complexity of HDL

Nature Reviews Drug Discovery 2014; 13:445



Blood Pressure and CVD

Lancet 2002; 360: 1903-13 and Hypertension 2007; 50:154



Meta-analysis of Comparative Studies With 
Atenolol in Hypertension

Carlberg et al. Lancet 2005;364:1684



Pressure Amplification
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Central versus Brachial Pressure and 
Cardiovascular Risk

Hypertension 2007;50:154. & Eur Heart J 2010;31:1865.



Comparative Effects of Antihypertensive Drugs 
Classes on Aortic Pressure ISH

McKenzie et al Hypertension 2009;54:409



ASCOT Study
n=19,257, mean age 63

B Dahlof Lancet 2005;366:895 & CAFÉ. Circulation 2006; 113:

Atenolol

Amlodipine

Atenolol
Amlodipine



Improving the Process

Nature Reviews Drug Discovery 2015;14:17
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