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Health 
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epidemiology

Health
Outcomes
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Opportunity

● Better Inform Drug 
Development Decisions

● Better Inform Economic 
and Outcome Decisions
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Post Marketing
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Model-Based Drug Development
Some of the typical methods and activities applied throughout the process

Off-The-Shelf Disease Area Platform Content: Disease Progression, Quantitative Systems 
Pharmacology, Competitor Model-Based Meta-Analysis, Trial Simulation Tools
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Modeling and Simulation Based Decision Making

Models
• Drug & disease models
• Treatment population models
• Trial models
• Financial & market models

Other Information Sources
• Public evidence
• Expert opinion / belief

Decision Criteria
• Consider cost/benefit trade-offs 

• Safety
• Clinical utility/efficacy
• Health Economic
• Commercial

• Adjusted to consider the value systems 
of the key stakeholders

• Patients 
• Health care providers 
• Drug developer
• Regulators

Start with Key Questions and 
Potential Decision Paths

• Probability of target product profile
• Treatment regimens
• Trial designs
• Development strategies
• Indications
• Selection of lead candidates

Assumption Checking
Assess sensitivity of 
conclusions to uncertainties 
and assumptions.
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Decision
Select highest value path 
given the current state of 
knowledge.
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Some Examples
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Model-Based POC for Alzheimer’s Disease Trial 
Sub-populations

Normal (N=200)

MCI (N=400)

Mild AD (N=200)

www.adni-info.org

c-path.org/programs/cpad/

Literature Meta-Data
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Model-Based Projection of TPP for POC Decision
Target product response for change in typical ADAScog score at 6 months: 

• must have -2.5 units
• wish for -4 units
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Discussion Points

● Are similar disease progression data sets / information 
sources used in HEOR assessments?

● How else can a quantitative understanding of disease 
progression be utilized in your decision making?



13

Exploring POC Trial Design Performance
Given quantitative criteria, explore decision 
making performance under different 
assumptions about true drug characteristics.

Polhamus D, Rogers J, Gillespie W, French J, and Gastonguay M. From Evidence Synthesis to Trial Optimization: The adsim Package for Model-based 
Simulation in Alzheimer’s Disease PAGE 21 June 2012 (http://metrumrg.com/assets/pubs/page_2012_polhamus.pdf)
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Indirect Comparative Efficacy

Gross JL, Rogers J, Polhamus D, Gillespie W, Friedrich F, Gong Y, Monz BU, Patel S, Staab A, Retlich S. A novel 
model-based meta-analysis to indirectly estimate the comparative efficacy of two medications: an example using 
DPP-4 inhibitors, sitagliptin and linagliptin, in treatment of type 2 diabetes mellitus. BMJ Open 2013, 3:e001844.
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Gross et al BMJ Open 2013, 3:e001844.

Trial Summary Data: HbA1c Change from Baseline
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Trial Summary Data: HbA1c Difference from Placebo

Gross et al BMJ Open 2013, 3:e001844.
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Probability Distribution for Expected Response Difference

Gross et al BMJ Open 2013, 3:e001844.
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Impact on Health Technology Assessment

https://www.scottishmedicines.org.uk/medicines-advice/linagliptin-trajenta-fullsubmission-85013/

https://www.scottishmedicines.org.uk/medicines-advice/linagliptin-trajenta-fullsubmission-85013/
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Linking PMX and PE: Xanthine Oxidase Inh. & Gout

Integration of Pharmacometrics and Pharmacoeconomics to Quantify the Value of Improved Forgiveness to Nonadherence: A Case Study of Novel Xanthine Oxidase Inhibitors for Gout. 
Daniel Hill-McManus;Scott Marshall;Elena Soto;Dyfrig A Hughes ISSN: 0009-9236 , 1532-6535; DOI: 10.1002/cpt.1454. Clinical pharmacology & therapeutics : CPT. , 2019, Vol.106(3), 
p.652-660

Individual-Level PKPD Modeling and Simulation
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Simulation: Response vs. Adherence
● Simulation-based 

comparison of 
febuxostat and 
hypothetical 
analogues

● Varied clearance, 
potency, for 
analogues

● Informed by 
adherence RWE

Integration of Pharmacometrics and Pharmacoeconomics to Quantify the Value of Improved Forgiveness to Nonadherence: A Case Study of Novel Xanthine Oxidase Inhibitors for Gout. 
Daniel Hill-McManus;Scott Marshall;Elena Soto;Dyfrig A Hughes ISSN: 0009-9236 , 1532-6535; DOI: 10.1002/cpt.1454. Clinical pharmacology & therapeutics : CPT. , 2019, Vol.106(3), 
p.652-660
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Simulation: Pricing vs Response

Integration of Pharmacometrics and 
Pharmacoeconomics to Quantify the Value of 
Improved Forgiveness to Nonadherence: A Case 
Study of Novel Xanthine Oxidase Inhibitors for 
Gout. Daniel Hill-McManus;Scott Marshall;Elena 
Soto;Dyfrig A Hughes ISSN: 0009-9236 , 
1532-6535; DOI: 10.1002/cpt.1454. Clinical 
pharmacology & therapeutics : CPT. , 2019, 
Vol.106(3), p.652-660

Curve of estimated 
pricing to achieve cost 
effectiveness versus 
febuxostat 80 mg with 
probability of 50% and 
10% at a willingness to 
pay threshold of 
£20,000 per QALY
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Discussion Points

● How can a projection of expected pricing premium  
impact early drug development decision making?

● In addition to strategies aimed at modifying the impact 
of non-adherence, what other strategies are of interest 
from an economic/outcomes point of view?
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Denosumab Pharmacoeconomic Analysis
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Multi-Scale Systems Pharmacology Models

Peterson, MC and Riggs, MM. Predicting Nonlinear Changes in Bone Mineral 
Density Over Time Using a Multiscale Systems Pharmacology Model
CPT: Pharmacomet. Syst. Pharmacol. November 2012

● Osteoporosis
● Primary Hyperparathyroidism
● Hyperparathyroidism 

Secondary to Chronic Kidney 
Disease

● Estrogen Modulators
● Bisphosphonates
● Parathyroid Hormone
● RANK-L pathway
● Wnt Signaling

● Bone Biomarkers
● Bone Mineral Density
● Fracture
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Fracture Rate MSSP/Model-Based Meta Analysis 

RJ Eudy-Byrne, W Gillespie, MM Riggs, MR Gastonguay. A model of fracture risk used to examine the link between bone mineral density and the 
impact of different therapeutic mechanisms on fracture outcomes in patients with osteoporosis J Pharmacokinet Pharmacodyn (2017) 
44:599–609

Conditional Individual Arm Predictions                    Predictions of Treatment Arms in New Populations
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Fracture Hazard Ratio by Treatment

RJ Eudy-Byrne, W Gillespie, MM Riggs, MR Gastonguay. A model of fracture risk used to examine the link between bone mineral density and the impact of 
different therapeutic mechanisms on fracture outcomes in patients with osteoporosis J Pharmacokinet Pharmacodyn (2017) 44:599–609
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Linking MSSP/Fracture Model & Pharmacoeconomics

Early Development ICER 
($/QALY) Predictions
● New drug, target
● New dose, regimen
● Combination therapies

Quantitative Systems Pharmacology Modeling
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PMX and PE Model for Hypothetical COPD Drug

“A hypothetical anti-inflammatory drug that increased FEV1 by 
50 ml decreased exacerbations by 26%. Given a simplified 
estimation of costs and quality-adjusted life-years (QALYs) 
associated with COPD, a drug with a 50-ml increase priced at 
€35/mo had an incremental cost effectiveness ratio ranging 
from €13,000/QALY to approximately €207,000/QALY across 
patient severity subgroups.”

Model-Based Meta Analysis
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Linking Methods to Extend Inferences
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Discussion Points

● The prior examples demonstrate the potential synergy 
between commonly applied drug development 
modeling and simulation methods (model based 
meta-analysis, individual PK-PD, QSP) and 
economic/outcomes assessments. 

● What are other opportunities to inform decision making 
at the intersection of quantitative disciplines?
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Do We Really Know What Lies Beneath the Surface?

http://timoelliott.com/blog/2013/06/the-ethics-of-big-data-vendors-should-take-a-stand.html
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Do We Really Know What Lies Beneath the Surface?

http://timoelliott.com/blog/2013/06/the-ethics-of-big-data-vendors-should-take-a-stand.html

New Insights & Better Decisions
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Do We Really Know What Lies Beneath the Surface?

http://timoelliott.com/blog/2013/06/the-ethics-of-big-data-vendors-should-take-a-stand.html

New Insights & Better Decisions

Data Quality

Contracts, IP

New Skills & Infrastructure Development

Accuracy of Conclusions & Causal 
Relationships

Opportunity Cost
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Big Data: Correlation vs. Causation
Scientists are trained to recognize that 
correlation is not causation. Petabytes allow 
us to say: ‘Correlation is enough’.

Chris Anderson, 2008

In hiring decisions, what if algorithm predicts that males will be better 
employees?

“Models that ignore causation can add to historical problems instead of 
addressing them.”

R. Schutt & C. O’Neil.
Doing Data Science. 2013.

http://www.nytimes.com/2015/06/26/upshot/can-an-algorithm-hire-better-than-a-human.html
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BIG DATA is not equal to ALL DATA

http://photos.nj.com/star-ledger/2012/11/hurricane_sandy_before_and_aft_7.html The Hidden Biases in Big Data. Kate Crawford. Harvard Business Review 
https://hbr.org/2013/04/the-hidden-biases-in-big-data/

Conclusions: 
• Grocery shopping peaked the night before the storm
• Nightlife picked up the day after the hurricane

Most tweets about Sandy came from Manhattan, very few messages originated 
from Jersey shore.

• > 20 million posts between Oct. 
27 and Nov. 1, 2012

• Study combined hurricane 
Sandy-related Twitter and 
Foursquare data 

http://photos.nj.com/star-ledger/2012/11/hurricane_sandy_before_and_aft_7.html
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More Thoughts on Big Data
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Toujeo Real World Evidence Trial Simulation: Data Sources Speaker : Jeff

Data sources

MGH EMR Data

• 314,292 patients → ~ 65, 000 T2DM patients
• 4917 patients with ≥2 long acting Insulin 

outpatient prescriptions that are at least 30D 
apart (life)

Toujeo Phase III trial data 
(4 studies, ~26 Gb of SAS data)

• 4,681 patients over 4 trials

• 126,548 relevant lab records → 

29,012 HgbA1c labs

GE Health EMR from Quintiles
(> 300 GB, ~2 billion records of structured data & 

metadata)

• ~ 3,000,000 patients

• ~ 400,000 HgbA1c labs

Slide courtesy of Jeffrey Barrett, ACoP 2017
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The Big Picture = Systems and Data

Sanofi
Toujeo and Lantus
 Clinical Trial Data

Cambridge Semantics

SABRE HPC platform

MGH
Virtual patients from 
EMR Data – 60 000 
Diabetics patients 

Data
 as

 in
pu

t to
 

mod
els

Analysis-ready 
datasets

Data exploration

Sanofi Internal users

Sanofi 
Bridgewater Lab

Web Services
Metrum – creation of 

models

Execution of 

simulations

Execution of sim
ulations

Support and Training

Data transfer

Activity / Treatment 

Quintiles Electronic 
Medical Record data

3.6 million patients

Big Data

Clinical Trial 
Simulation

Slide courtesy of Jeffrey Barrett, ACoP 2017
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Slide courtesy of Jeffrey Barrett, ACoP 2017
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Discussion Point

● How is big (unstructured) data used to inform decisions 
in your domain?

● What are opportunities to apply those learnings to other 
drug development and market access decisions?
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PKNCA

2020s1980s 1990s 2000s 2010s

RxODE

Adapted from: Brian Corrigan, ACoP 2016.
Display may not be inclusive of all open source, public license software used in pharmacometrics.  
Suggestions for additions welcome. Send software name, url, and license type to marcg@metrumrg.com.

BUGS 
Model
LibraryNMqual

qapply
SASxport

BUGS 
Parallel

tidyverse

GCC

PFIM

Shiny

Open Science in Pharmacometrics

subversion

GridEngine

pkgr

CRAN
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vs. placebo

Probability of Success: Outdated Thinking
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vs. active control

Probability of Success: Evolving Thinking
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• vs. future competitor

• informed by predicted ICER

• in Real World treatment 
population

• Continuously updated and 
re-assessed as development 
programs and standard of care 
evolve 

Probability of Success: New Opportunity



49PageVision for Cross-Discipline Quantitative Platform

Computational & 
Systems Biology, 

Pharmacology
Pharmacometrics Statistics, Data 

Science HEOR

PKNCA

Shiny

svn
git

EBS storage
backup

Big Data 
Resource

Clinical 
Trial Data

Pharmacoepi
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Discussion Points

● Are open models used in your work? Why or why not?

● How could a unified data & analytics platform improve 
collaborations across disciplines?

● What are the challenges related to implementing such 
a system? 
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INDIRECT COMPARATIVE 
EFFECTIVENESS

OPEN MODELS FOR DISEASE AND 
HEOR ASSESSMENT

LINKED PMX/HEOR 
MODELS TO INFORM 

DRUG DEVELOPMENT 
DECISIONS

COLLABORATION AT THE 
INTERSECTION OF QUANTITATIVE 

DISCIPLINES

MODEL-BASED DECISIONS 
FOR POC, PHASE 2 TRIAL 

SCENARIOS

COST EFFECTIVENESS: 
IMPACT OF ADHERENCE 

VIA PKPD

PROBABILITY OF RWE TRIAL 
SUCCESS

Opportunities for Informed Decision-Making


