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Knowledge Deficits and Challenges for Pediatric PGx

§ Clinically useful guidance regarding the Dose ®  Exposure 
relationship as a function of genotype (and ontogeny) in pediatric 
patients reflective those who will be treated with the medication

§ The “unknown unknowns”: the limitation of extrapolating/scaling 
adult data pharmacogenomics data to children

§ Addressing variability in drug response

§ Considering pediatric patients as individual children



Redefining the Problem

Response ® Exposure ® Dose 

Dose ® Exposure ® Response X X X

What is the therapeutic 
goal of drug 

administration?

What exposure is 
required to achieve the 

desired response?

What dose must be 
administered to 

achieve that exposure?
® ®
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Atomoxetine Dosing Guidance
(Product Monograph)



Atomoxetine Dosing Guidance
(Product Monograph)

Population-based guidelines for regulatory purposes; 
Limited value for patient-based individualization …



Effect of CYP2D6 Genotype on Dose-Exposure Relationship
Individual Perspective

§ 11.4-fold difference 
in means when 
corrected for dose

§ 29.6-fold range 
when corrected for 
dose

§ 14.2-fold difference 
in means between 
PM and EM2 group

§ 50-fold range (max 
to min) in AUC 
values

Brown et al. CPT 2016; 99:642-50
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Extrapolation of Adult Data to Pediatrics:
Genotype-Stratified PK Study of Simvastatin

Wagner et al. Circulation 2016;134:Suppl A15784 (abstract)

§ Hydrolysis of lactone to form active 
acid form 

§ Assumptions of rapid hydrolysis and 
CYP3A  metabolism

§ Genotype-phenotype associations in 
adults replicated, but magnitude of 
effect greater in children –CC vs TT 
AUC ratio 6.1-fold vs 3.2-fold (adult)

§ Sampling strategy based on adult 
experience; inadequate duration 

§ Negligible to undetectable SVA 
concentrations in 25% of subjects

§ Considerable within-genotype 
variability, especially T/C 
heterozygotes; SVA formation issue?
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Implications of Focus on Variability in Response at the 
Target(s) of Drug Action

§ With current dosing regimens, different drug phenotypes generally can 
be ascertained in the treated population (“responders”; “non-
responders”; “partial responders”)

§ For “non-responders”
§ Inadequate exposure?
§ Low level expression or non-functional drug target?

§ What drug exposure is required to elicit the desired response for a given 
drug target genetic variant?

§ For that same individual, what dose is required to provide that exposure?

§ Need for tools for individualization of doses to achieve desired exposure



Response ® Exposure ® Dose 
Effect of Variability in Drug Target Expression

Different drug
exposures are required 
to achieve equivalent 
drug responses, 
depending on level of 
drug target expression 
(or function)
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For Precision Therapeutics in Children, Think 
“Individual”, Not “Population”



Take Home Message

Genomic- and
Ontogeny-
Linked
Dose
Individualization and

cLinical
Optimization for
Kids

§ “Not too big, not too small … the dose of 
medication that is ‘just right’ for your child”

§ Takes into consideration those factors that 
make each child unique
§ Genome
§ Stage of development (ontogeny)

§ “Response → Exposure→ Dose” 
paradigm

§ Focus on the individual’s drug target 
genotype, determine the right exposure for 
that genotype, and the dose required to 
achieve the desired exposure 



Engaging Patients and Families

Courtesy of Susan Abdel-Rahman, PharmD and Jean Dinh, PharmD, PhD



Complex Problems, Multidisciplinary Teams

Pharmacogenetics: 
Andrea Gaedigk, PhD
Roger Gaedigk, PhD

In Vitro/In Vivo Phenotyping: 
Robin Pearce, PhD

Gene Regulation: 
Carrie Vyhlidal, PhD

Analytical chemistry:
Leon van Haandel, PhD

Quantitative pharmacology: 
Susan Abdel-Rahman, PharmD
Chelsea Hosey, PhD

Faculty:
Mara Becker, MD, MSCE (Rheumatology
Ben Black, MD (Development & Behavioral)
Jen Goldman, MD (Infectious Diseases)
Bridgette Jones, MD (Allergy & Immunology)
Tamorah Lewis, MD, PhD (Neonatology)
Valentina Shakhnovich, MD (Gastroenterology)
Stephani Stancil, APRN (Adolescent Medicine)
Jaszianne Tolbert, MD (Oncology)
Jon Wagner, DO (Cardiology)

Trainees:
Jean Dinh, PharmD, PhD
Matt McLaughlin, MD (Rehab Medicine)
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§ Lack of prospective validation of marketed pharmacogenetic tests



Application of Genetic Association Data to Inform Clinical 
Decisions for Individual Patients 

G allele (+)
(G/G or G/C)

G allele (-)
(C/C)

Improvement 29 9

No Improvement 11 10

Sensitivity: 29/38= 76.3% Positive Predictive Value= 29/40 =72.5%
Specificity: 10/21= 47.6% Negative Predictive Value= 10/19= 52.6%

ADRA2 rs1800544 (-1291 C>G; fC=0.62)
Response: ≥50% decrease in SNAP-IV score

p=0.016



Application of Genetic Association Data to Inform Clinical 
Decisions for Individual Patients 

G allele (+)
(G/G or G/C)

G allele (-)
(C/C)

Improvement 12 20

No Improvement 18 8

Sensitivity: 12/38= 31.6% Positive Predictive Value: 12/30= 40.0%
Specificity 8/26= 30.8% Negative Predictive Value: 8/28= 28.6%

Response: “Much improved” or “very much improved” on CGI
p=0.015
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