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„ Curiosity – 1980’s
‹ Evaluation of Population PK in Therapeutic Trials 

‹ Grasela et al, Clin Pharmacol Ther 1986

„ Adolescence - 1999
‹ FDA Guidance for Industry in Population Pharmacokinetics

‹ Value of Real Time Data Assembly and Analysis

„ Integral to regulatory decision-making? - 2002
‹ FDA Draft Guidance for exposure-response relationships
‹ “Exposure response information is at the heart of any 

determination of the safety and effectiveness of drugs”

„ Maturing as basis for successful commercialization?
‹ Capitalizing on exposure response relationships

Population PK Modeling and 
Exposure-Response Evaluations

The Accelerating Evolution



Exposure Response Analyses
Potential for a High ROI?

„ Support discovery and development process
„ Contribute to primary evidence of effectiveness 

and/or safety
„ Provide support for primary efficacy studies
„ Support new target populations

„ Adjustment of dosages in subpopulations 
defined by intrinsic and extrinsic factors

„ New dose regimens, dosage forms and 
formulations, routes of administration, and minor 
product changes



„ Linezolid Asian Bridging Program
‹ Regulatory approval based solely on modeling and simulations

„ S.A.F.E. Medical Marketing Program
‹ Translating PK/PD of short acting anesthetics into clinical value

„ Gatifloxacin Phase IV Safety Issue
‹ Risk assessment of aberrant carbohydrate metabolism in elderly

„ Detrol Treatment Paradigm for Nursing Homes
‹ Selection and treatment strategies for urinary incontinence 

„ Linezolid Pediatric Labeling
‹ PK/PD based dosing regimen design and validation

„ Exendin modeling and simulations for EOP II
‹ Justification of fixed dose and streamlined Phase III trials

Exposure- Response Analyses
Risk Assessment and Management



Real Time Data Assembly
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Population PK/PD Analyses 
in the Linezolid Pediatric 

Development Program

ASCPT 2003



„ Linezolid is an oxazolidinone approved for the 
treatment of Gram-positive infections

„ Population PK/PD evaluations were integrated 
into pediatric development programs

„ Model development and refinement were 
performed as various clinical studies were 
concluded

„ These analyses demonstrated the value of 
population PK/PD analyses to pediatric drug 
development and point to strategic, tactical and 
logistical issues that must be addressed to 
ensure successful implementation

Linezolid Pediatric Development
Overview



„ Mulitcenter, open-label PK study in hospitalized 
preterm and term infants

„ Single-dose of 10 mg/kg of linezolid over a 60 
minute intravenous infusion.  Maximum of 6 
blood samples over 12 hours. 

„ One compartment model with Michaelis-Menten 
elimination

„ Postnatal and gestational ages were significant 
determinants of the maximum rate of elimination 
(Vmax)

Linezolid Pediatric Development
Population PK/PD Model Development



Bayesian Estimates of Vm versus Postnatal Age, 
Stratified by Gestational Age –

Population Mean Emax Functions Overlaid



Population PK/PD Model
Impact on Product Labeling

Neonates <7 days: 
Most pre-term neonates <7 days of age 
(gestational age <34 weeks) have lower 
systemic linezolid clearance values and larger 
AUC values than many full-term neonates and 
older infants.These neonates should be 
initiated with a dosing regimen of 10 mg/kg 
q12h. Consideration may be given to the use of 
10 mg/kg q8h regimen in neonates with a sub-
optimal clinical response.  All neonatal patients 
should receive 10 mg/kg q8h by 7 days of life.



Population PK Analysis
Simulated Cp for Various Age Groups
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Data Assembly for Population Analysis
Problems for ER Analyses

„ Timetable for development is always aggressive
„ Considerable pressure on data management 

personnel to expedite data clean-up
„ Information required for population PK/PD  

analysis is generally not available until primary 
safety and efficacy data prepared

„ Results in high discard rates and delays in 
completing analyses and simulations

„ Lost opportunities to impact on development and 
regulatory decision making



Content
„ Sample collection information
„ Measured drug concentrations
„ Dosing history

� Dosed amount assigned/given

� Sufficient dose dates and times

„ Treatment codes
„ Demographics/vital signs
„ Laboratory data
„ Efficacy measures
„ Concomitant medications
„ Adverse events

Data Assembly for Population Analysis
Complexity of Content and Deliverable

Deliverable

time-ordered 
sequence of 

relevant events 
for each patient 
from time of first 
dose until time of 

last sample



A Strategy for Monitoring Delavirdine PK 
During the Phase III Clinical Development 
Program

DIA Journal vol 33, pp. 273-279, 1999

Data Assembly for Population Analysis
Real Time Data Assembly

“…Real-time data assembly would permit 
population PK data analysis to be performed 
before the end of a clinical trial and would make 
it possible to include the results in the filing of 
the new drug application (NDA).”

1999 Guidance for Industry 
in Population Pharmacokinetics



„ Population pharmacokinetic analyses of linezolid 
suggested that TID dosing may be more 
appropriate for children than approved adult BID 
regimen

„ Pivotal Phase III trial in children < 11 years of age 
with resistant infection used TID regimen

„ Dosing change occurred relatively late in pediatric 
development and RTDA was performed to:

‹ Allow early confirmation of the new dosing regimen via 
concentration and safety monitoring

‹ Allow for a rapid and efficient data assembly to meet 
aggressive timelines for pediatric submission

Linezolid Pediatric Development
Real Time Data Assembly (RTDA)



Schematic of the RTDA Process for the 
Pivotal Phase III Trial of LZD in Pediatric 

Patients
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„ Data displays
‹ Cp vs. TSLD
‹ Demographics
‹ PK sample data
‹ Dosing data

„ PK-related data queries
‹ Critical merging errors
‹ Dose- or sample-time related
‹ Demographics

Linezolid Pediatric Development
RTDA Deliverables



LZD Concentration versus Time Since Last Dose Used 
to Identify Potential Outliers for Further Follow-up



Scatterplot of Change in Platelet Count 
from Baseline to End-of-Treatment



Linezolid Pediatric Development
Benefits of Implementing RTDA

„ Over 100 PK-related queries were proactively resolved 
while the trial was ongoing allowing the salvaging of 
20% of the dataset. 

„ Early processing allowed resolution of a problem with 
merging the concentration results with the sampling 
time information.  This issue was resolved proactively 
by identifying additional variables which could be used 
to accurately merge the data.  This shaved off at least 
three weeks from the dataset creation process. 

„ Real-time data exploration allowed the concentrations 
and safety endpoints to be monitored while the trial was 
ongoing.  



„ Open-label, comparator-control, multicenter, PK/PD 
study

„ Patients aged from birth to 11 years including term and 
preterm infants with resistant Gram-positive infections

„ After three days of IV dosing, the patients were allowed 
to be switched to PO LZD for a total duration of at least 
10 days with a maximum of 28 days

„ One plasma sample per day was drawn on Days 3, 10, 
17 and 24 depending on the duration of therapy

„ This analysis was conducted to evaluate the PK and PD 
in children receiving IV and oral (PO) LZD 10 mg/kg 
three times daily (TID).

Linezolid Pediatric Development
Population PK/PD Analysis in Phase III



„ Mean predicted AUC0-24 in patients < 11 years (147 
± 87.0 mg· h/mL) was slightly lower than the adult 
exposure (179 ± 62 mg· h/mL) following a 600 mg 
every-12-hour regimen

„ Mean predicted Cmax after IV was higher than after 
PO.  In contrast, the mean predicted Cmin after IV 
was lower than that after PO.

„ The mean (SD) predicted AUC:MIC was 75.9 (116)

„ Predicted time above MIC90 (fixed at mg 4 /mL) was 
approximately 54% of the dosing interval

Linezolid Pediatric Development
Population PK/PD Analysis in Phase III



Predicted AUC:MIC Ratio at Fixed MIC 
Values (n=195)

MIC 0.5 m cg/m L 1 m cg/m L 2 m cg/m L 4 m cg/m L

Mean (SD) 295 (174) 147 (87.0) 73.7 (43.5) 36.9 (21.8)

Median 251 125 62.6 31.3

Min 27.3 13.7 6.82 3.41

Max 1330 666 333 167



„ Pharmacokinetics of the Microcaps® formulation 
was comparable to the IV formulation

„ Exposure in children less than 12 years of age 
given 10 mg/kg every 8 hours was similar to that 
in adults given 600 mg every 12 hours

„ Response (clinical and microbiologic) was high 
(>80%) and independent of exposure

„ Adverse events and hematological indices were 
independent of drug exposure

Linezolid Pediatric Development
Population PK/PD Analysis in Phase III



„ Pooling of studies was critical to creation of a 
robust population PK model

„ Use simulations early and often to aid in trial design 
and in overall program planning

„ Use of RTDA allowed:
‹ Exposure based safety monitoring
‹ Interim snapshots of plasma concentrations
‹ Data clean-up during study enrollment
‹ Resolution of merging issues
‹ Rapid dataset creation after data lock

„ Timely completion of analyses required to impact 
on development and regulatory decision making

Pediatric Population PK/PD Program
Lessons Learned



Population PK/PD Analyses in 
Pediatric Drug Development

The Next Level of Performance

Fish or cut bait…



„ Prospectively address study design, sampling strategy, 
and logistical issues to improve data quality

„ Enable real time knowledge generation via aggressive 
data management and analysis strategies

„ Communication between Modelers and Customers 
‹ Global, cross-functional development teams
‹ Regulatory Agencies
‹ Prescribers

„ Create a culture of integrating exposure-response 
analyses into development, regulatory, 
commercialization, and prescribing decision-making

Fish or Cut Bait
Things you Gotta Do



Thank You
For more information contact:
Thaddeus Grasela, PharmD, PhD
President and CEO
ted.grasela@cognigencorp.com
Phone: 716.633.3463 ext. 227



How Do We Estimate Exposure?

„ Dose
„ Plasma Concentrations

‹ Cmin (trough)
‹ Cmax (Tmax)
‹ AUC
‹ T > MIC

„ Rate of change of Cp
„ Effect site concentration



Rich Sampling
Traditional Approach
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Sparse Sampling 
Population PK Modeling 

*
Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
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 Random sampling at variable times post-dose



Population PK Analysis
Studies 45 and 49
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FilingFull  DevelopmentExploratory Development

First Time
in Man “Go / No Go”

Exposure-Response Analyses and Simulations
Scope and Span of Work

PK Model Development

Development Plan

Data Assembly and Exploratory Analyses

Exposure-Response 
Analysis and Simulations

Registrational Documents

Model Refinement and Covariate Analysis



Data Assembly for Population Analysis
Example of “Retrospective” Phase II Data Clean-up

„ 2423 concentrations measured

„ 1220 (~50%) concentrations were discarded
„ Exclusions:

‹ 98:  Unknown if drug was administered with food
‹ 23:  Collection errors with dosing date/time history
‹ 22:  Duplicate sampling times or barcodes
‹ 949: Unable to reconcile PK requisition database
‹ 137: Cp value missing or zero


