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• Initiative : are you self-motivated?
• Independence : can you make skilled 

progress with minimal oversight? 
• Innovation : are you changing how the game 

is played? 
• Influence : can you expand your impact by 

working through others? 

The Four “I”s of Dan Meyer
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My Origin Story
Once upon a time … (about 17 yrs ago)

In a castle on the peaceful shores of 
New London, 
The dashing young clinical statistician, 
Sir James, 
was working as part of 
a mighty “triad” …   

Clinician

Clinical 
Pharmacologist

Statistician

… then news came of strangers 
approaching from the North … … they were called, 

“modelers”
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Dose-Response Analyses



Dissenting Voices 



Dose Versus Exposure

Exposure versus time curves for multiple 
people who all took the same dose



Pharmacokinetic Modeling Approaches
Physiologically-based 

Pharmacokinetics (PBPK) “Semi-mechanistic” 
Pharmacokinetics



Are We Going Down a Rabbit Hole 
When We Don’t Need To?



Dose-Response is Simpler and Leverages 
Randomization …

… BUT …



The Right Dose The Right Dose For You
Same dose regardless of kidney health?

Same dose regardless of age? Same dose regardless of liver size?



A Small Non-random (*) Sample of 
Clinical Pharmacology Questions

Dose differently in certain 
patient subroups? 

Dose 1x / day, 2x/day, 3x/day?
Risks & benefits of loading dose?

Rules for dose adjustment?

(*) Hand-selected from the subset of questions that 
I know something about. I am still learning!

Empirical dose-response alone is not up to the task! 
Randomized comparisons alone are not are not up to the task! 



Exposure Response (E-R) Approach
• E-R approach: first summarize the 

exposure versus time curves with 
“exposure metrics” that capture 
the essential features

• Contrast with PKPD approach: 
don’t reduce the exposure versus 
time curve at all; rather, use it as a 
time-varying predictor

Degree of insight / range of 
questions that can be answered
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• Next few slides will be based on analyses done to support a New 
Drug Application for Valemetostat for Adult T-cell Leukemia / 
Lymphoma 
• I will only focus on the “exposure-response” aspect of these 

analyses to address the question of special dosing for subgroups. 
The full analysis also included population pharmacokinetic and 
pharmacodynamic analyses

A Slightly Deeper Dive on Intrinsic and 
Extrinsic Factors



Implication (arguably) : no need 
to adjust dose in populations 
with mild renal impairment

(And similarly for other 
subgroups of interest)

Let’s Begin at the End of The Story

”Boxplots” represent 
predicted population 

distributions for unbound 
drug exposure (steady-state 

AUC) if everyone is given a 
dose of 200 mg QD.  

Target exposure range resulting from exposure-response analyses
Next few slides will examine how these limits were derived  



How Target Exposure Range Was 
Determined. 
Step 1: Elicit “Target Product Profile”
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Defining Target Exposure Range, Step 2: 
Identify Data and Fit E-R Models

Logistic regression models 
relating efficacy and safety 
outcomes to exposure and 
covariates



Defining Target Exposure Range, Step 3: 
Solve For Exposure Limits:

Horizontal line defined by TPP 
for safety

Red line determined by 
population simulation with E-R 
Models + empirical covariate 
distribution 

Vertical line obtained by numerically 
solving for upper limit of target range Technically, models implied lower limit of 

target exposure range = 0; we modified 
based on region of direct empirical support



Implication of “no 
covariate effects”in E-R : 
it is therefore 
reasonable to use the 
same target exposure 
range for everyone 

Efficacy Safety

This is the 
“exposure” 
variable (not 
randomized)

Technical note: We used Spike and Slab priors in logistic 
regression to estimate all these covariate effects 

Defining Target Exposure Range, Step 4: 
Same Limits for Everyone?



Implication (arguably) : no need 
to adjust dose in populations 
with mild renal impairment

(And similarly for other 
subgroups of interest)

… what about our uncertainty in 
those population percentiles? 
(left as an exercise for the 
reader)

Now We Can End at the End of The Story

”Boxplots” represent 
predicted population 

distributions for unbound 
drug exposure (steady-state 

AUC) if everyone is given a 
dose of 200 mg QD.  

Target exposure range resulting from exposure-response analyses



Regulatory & Organizational  Factors

• Primary contributions come from Sponsor 
Clin Pharm & Pharmacometrics groups

• Primary review responsibility lies with Office 
of Clinical Pharmacology & Division of 
Pharmacometrics

• Primary quant sci contributions come from 
Biostat groups

• Primary review responsibility lies with Office 
of Biostatistics



Now That We Understand, Let’s Offer 
Some (Respectful, Intelligent) Critique



Self-inflicted Confounding in Exposure-
Response

The (incorrect, but common) reasoning being applied here: 
• Dose, and therefore exposure, can change a lot over time prior to an adverse event
• Seems wise to use an exposure metric that is sensitive to that entire dose history 



Understanding Average Concentration 
Up to an Event Time (CAVG0-T)

Example PK profile when there is a ”loading dose” : 

Adverse event time for 
Patient 1

Adverse event time for 
Patient 2

CAVG0-T for Patient 2

CAVG0-T for Patient 1



Creating Exposure-Response 
Associations Out of Thin Air

+

=



How Can We Reduce the Likelihood of 
Bad Causal Thinking?

Estimands (in the ICH 
E9 addendum sense) 

Target Trial Emulation 

Directed Acyclic 
Graphs (DAGs)

Neyman-Rubin Potential 
Outcomes Framework (*)

Pearl’s “do-Calculus”

• dating to Jerzy Neyman in 1923. Happy 100th Birthday PO Notation!
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A Thought Exercise to Ensure Sound 
Thinking With Observational Data



A Sea-Change in Thinking About 
Quantitative Evidence

e.g. pharmacometricians

Yes please!



An Improving Regulatory & 
Organizational Landscape



“The second dialogue happened more than 15 years ago, at a time when pharmacometricians 
started to add a new dimension to drug development by promoting a broader use of model-
based analyses. The reaction from junior and senior statisticians throughout the pharmaceutical 
community was, repeatedly, “No - I already use models and simulations.” The disconnect here 
was a problem of communication. Whereas our pharmacometrics colleagues had much broader 
classes of models in mind, many statisticians, at least at that time, were thinking in terms of 
analysis-of-covariance models or, at best, mixed-model repeated measures analyses, and were 
using simulations primarily for power and sample size calculations.”

An Improving Landscape in Professional 
Societies

https://sxpsig.github.io/



We Need Quantitative Scientists for the 
Full Voyage! 

Vague inchoate questions 
and evidential needs + some 

data that might be useful

Objectives, Formalization of 
Questions, Scope of Work

Analysis Plan

Code, Results (TFL)

Discussion, Conclusions, 
Decisions

I have learned enormously from 
pharmacometricians about the 

“take off and landing”
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Thank You!
jimr@metrumrg.com



What is a Good Dose Adjustment Rule 
for Patients with Low Platelets?

PKPD model for platelets
• Each arrow in the diagram corresponds to a 

differential equation
• Data consist of 

• Dosing events over time
• Concentrations of unbound drug in plasma 

over time
• Platelet counts over time
• All three data components collected on 

different schedules
• Used to evaluate rules for dose adjustments 

based on platelet levels: when should we adjust 
and by how much

• To use statistical terminology, this is a dynamic 
treatment regimen (DTR) … but DTR research and 
PKPD research don’t (yet) intersect much (?)



• What I did learn: 
• How to think rigorously about the nature of statistical confirmation
• This was enough to get me a seat at the table, and I am grateful

• What I didn’t learn:
• How to think rigorously about non-randomized comparisons
• How to think rigorously about extrapolation
• How to make holistic scientific arguments
• What I learned was “enough”, but how can we train the next 

generation to do “more than enough”?

How My Ph.D. in Stats Did and Didn’t 
Prepare Me to be Influential



Evidence Integration

Rich / dense data from 
relatively small and 

homogeneous 
population in early 

development

We can get non-model-
based estimates of 

exposure metrics for 
these subjects

Sparse data from 
relatively large and 

heterogeneous 
population in late 

development

Non-model-based 
estimates of exposure 

metrics will be bad 
here; use nonlinear 

mixed effects modeling 
to get predicted values 

instead







Extrapolation and Why It Matters

Priors were centered at means of predictive distributions based on pediatric 
covariates + extrapolation from adult model. Why is or isn’t that valid? 



Extrapolation and Why It Matters


