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Note: portions of this content have been presented in 
previous venues

• Symposium: Bridging the Gap between Pharmacometricians 
and Statisticians  
• World Conference on Pharmacometrics (WCoP)

• August 2016

• Workshop: Enabling Environments in Which Pharmacometrics 
and Biostatistics Help Produce Robust Development And 
Regulatory Strategies
• American Conference on Pharmacometrics 6

• October 2015



• BSE in Biomedical Engineering, Duke 
• PhD in Pharmaceutical Sciences (PK) and Applied 

Mathematics at the University of Arizona, 2001

• Post-doc at Center for Drug 
Development Science (CDDS), 2003

• Novartis Modeling and Simulation (2003-2011)
• Astellas PK/M&S (2012-)

Carl Peck

Harold
Boxenbaum
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https://en.wiktionary.org/wiki/pharmacometrician

I identify as a pharmacometrician



All stereotypes are 
wrong, some are useful!

S. Tannenbaum, adapted from G. Box



This is Ted.  Ted is an accountant.



P<0.05!

Statistics

Familiarity Most science majors have taken at 
least one stats class

History • Stats conferences: 1830s
• First statistical society established 

1834 
• Statisticians in the 

Pharmaceutical Industry 
established 1977

Training Statistics, mathematics,
econometrics 

Other
disciplines

Actuarial sciences, economics, 
business, data mining, telecom, 
epidemiology, energy, image 
processing, medical, engineering, 
psychology, sociology, etc etc…

Models “well” “understood”

Communication Focus on results
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Models “well” “understood”

Communication Focus on results



THETA!
P<0.05!
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(Relatively New) Kids on the Block



Statistics Pharmacometrics

Familiarity Most science majors have taken at 
least one stats class

Unlikely to have much training in PMX/ 
PK / Clin Pharm

History First statistical society established 
1834 

Stats conferences: 1830s

Statisticians in the Pharmaceutical 
Industry established 1977

Training Statistics, mathematics,
econometrics 

Other 
disciplines

Actuarial sciences, economics,
business, data mining, telecom, 
epidemiology, energy, image 
processing, medical, engineering, 
psychology, sociology, etc etc…

Models “well” “understood”

Communication Focus on results

(Clinical) pharmacology, medicine, tox, 
PK, engineering, biology, mathematics, 
chemistry, statistics, computer science …

Pharmaco…metrics

Not so much.

Focus on the model/method

First pharmacometrics society (ISoP) 
established 2011

PAGE 1992, PAGANZ 1999, PAGJA 
2006, PAGK 2007, PAGIN 2008, ACoP
2008, WCoP 2012

Other CP/pharm sci organizations 
(ASCPT, ACCP, AAPS) 1950s-1970s

(PAGUSA?)

Modeling and Simulation, M&S, PK, PKPD, 
Quantitative Science, DMPK, Quantitative 
Decision Making, Quantitative 
[Clinical/Systems] Pharmacology, etc…

CMART



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1884881/

CREDIBILITY 
SCALE FOR

PMX MODELS



http://www.rxkinetics.com/pktutorial/1_5.html
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effect 

compartment”



Systems pharmacology of mifepristone… Yu et al.  Scientific Reports 5  (2015)



My boss!
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https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.pdf

“The extent to which the 
procedures in the 
protocol are followed and 
the primary analysis is 
planned a priori will 
contribute to the degree 
of confidence in the final 
results and conclusions of 
the trial.”



Medical Statistician - One who won't accept that Columbus 
discovered America because he said he was looking 
for India in the trial plan

http://www.senns.demon.co.uk/wdict.html 

http://www.senns.demon.co.uk/wdict.html
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“If you torture the data long 
enough, it will confess.” 
Ronald H. Coase

Shoe size is a 
significant 
covariate!



Tension between PMX and Stats

•Mechanistic versus empirical models
•Adequacy of the model fit and predictive performance
•Exposure-response relationships
•Exposure versus dose
• Inadequate understanding of 

statistics
•Use of assumption-rich models
•Drawing confirmatory conclusions 

from exploratory data analysis

Kowalski (2015), “My Career as a Pharmacometrician and Commentary on the 
Overlap Between Statistics and Pharmacometrics in Drug Development”, 

Statistics in Biopharmaceutical Research, 7:148-159.



http://accp1.org/pharmacometrics/pkpdcourse2006/lecs/lec2/IDR.pdf

Different 
mechanism, 
same shape

“competing … models and their 
predictions should be brought 
forward as part of a sensitivity 
assessment to select designs that 
are robust to this model 
uncertainty….. predictions are 
hypothesis-generating”

 different 
predictions

Mechanistic versus empirical models



AUC targeted by dosing regimen
Median AUC in simulated data

AUC (ng.h/mL)

Adequacy of the model fit and predictive performance



MCP vs Mod

https://www.jstatsoft.org/article/view/v029i07/v29i07.pdf
FDA qualification ; EMA qualification

MCP - - Mod
Exposure-response relationships

https://www.jstatsoft.org/article/view/v029i07/v29i07.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiD0NiCyp3SAhXFerwKHRlpACQQFggnMAI&url=http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/UCM508702.pdf&usg=AFQjCNFSxRpgD_EkGSIgHgoFrvXMEZDbqA&sig2=Wt994y3GdXEFcIAPs6jUBA&bvm=bv.147448319,d.dGc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0ahUKEwiD0NiCyp3SAhXFerwKHRlpACQQFgg2MAQ&url=http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2014/02/WC500161027.pdf&usg=AFQjCNFZd_8tuAj-vLgG99W7OzVGLR5lxw&sig2=m2elff9WYUbsoetDHay9yQ&bvm=bv.147448319,d.dGc


“I know nothing about statistics” 
- Most Pharmacometricians

But you’re fitting nonlinear mixed effect models 
using maximum likelihood, SAEM or MCMC, using 
likelihood ratio tests to determine significance, 
covariate search techniques, considering 
collinearity, performing model diagnostics, 
simulating new outcomes, evaluating decision 
criteria, using optimal design theory…

Most of these topics would scare the living crap out 
of a graduate statistician.

Courtesy Mike K. Smith, Pfizer 

Inadequate understanding of statistics



Need help?
Call Bob Bauer!

Inadequate understanding of statistics



“Big cheeses” of PMX

Beal

Mentre

Weiner

Steimer



All statisticians 
care about are p-
values!

I don’t care about PK, I 
just care if we meet our 
endpoint with statistical 
significance!







http://bookshop.europa.eu/en/cost-b1-pbCGNA17611/
https://www.ncbi.nlm.nih.gov/pubmed/20613721

Courtesy Mike K. Smith, Pfizer
[slide adapted]

http://bookshop.europa.eu/en/cost-b1-pbCGNA17611/
https://www.ncbi.nlm.nih.gov/pubmed/20613721


http://www.go-isop.org/asa-sig ; http://community.amstat.org/sxp/home
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http://www.go-isop.org/asa-sig
http://community.amstat.org/sxp/home


Collaboration and cooperation
• Understand and agree what the quantitative analyses need to 

support
• What are the key development questions?

• What are the decision criteria?

• Who is doing what?  Don’t work in parallel!

• Build a relationship
• Teach about your discipline/language

• Acknowledge what you don’t know 

• Leverage your partner’s strengths and ask for help

• Support each other at team meetings

• Debate and disagreement can be healthy but keep it friendly!

• Find commonalities  learn R

• Identify champions in both camps to set the tone
• Influential leaders  acceptance trickles down from the top

• Work together on an analysis
• Clinical trial simulations, quantitative decision making



Thank you to my statistician friends!
[practice what you preach]

• Ken Kowalski

• Mike K. Smith
• Donna Kowalski [no 

relation!] 

• Kevin Chartier

• Axel Krebs Brown

• Matthias Stolzel

• David James

• Guenter Heimann

• Peter Bonate

• To Rosa for the 
opportunity!

• To YOU for attending!


