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- Population PK/PD for Managers:

- From ldentifying and Maximizing the Value-Add
to Considerations for Implementation

Jill Fiedler-Kelly
Cognigen Corporation

i $ QQXDOO0O HHWQJ
E 6 DOV/ DNH & LW 8 WD K
_ 2




21|k AL Y= 1R RI 3 UHVHQWD WLR Q

- What can population PK/PD do for you ?
« Comparison to traditional methods

Role of population PK/PD in drug development
« Benefits of population PK/PD
« Case study examples

- Where do | start ?

« Planning considerations
« In-house vs. outsource

x
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ldentifying and Maximizing the Value-Add
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Population PK/PD: What Is [t?

- Definition: The study of the sources and
correlates of variability in plasma drug
concentrations between individuals
representative of those in whom the drug will be
clinically used.

- Seeks to discover which measurable
pathophysiologic factors cause changes in the
dose-concentration relationship and to what
degree, so the appropriate dosage can be
recommended

(Ref: FDA Guidance for Industry on Population Pharmacokinetics, 1999)
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The Population Approach

- Most commonly associated with sparse
sampling strategies and the evaluation of

covariate effects

- A methodology for estimating mean
population PK(/PD) parameters and
variability in PK(/PD) with a relatively
small amount of data per subject
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Population Pharmacokinetics

- FDA Guidances:

x Population Pharmacokinetics

« EXposure-response relationships — study design,
data analysis, and regulatory applications

« General considerations for pediatric PK studies for
drugs and biological products

- Other Related Guidances:

« ICH Guidance on Dose-Response
« ICH Guidance on Special Populations: Geriatrics
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Goals of Pop PK/PD Analysis

Estimate PK parameters in a large, representative
population

Determine influence of patient covariates and/or
concomitant medications on PK variability

Generate individual (bayesian) estimates of PK

parameters (CL, V, etc) and derived estimates of
Individual exposure (AUC, Cmax, Css, etc)

Evaluate exposure-response relationships for
efficacy and/or safety endpoints

Address regulatory concerns
x Special populations
x Product labeling
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Alternative Approaches to
PK Analysis

. Traditional - Population

X

« Usually Phase |

« Intensive sampling
x FIxed paradigm

« Rapid analysis

« Noncompartmental

methods x
« Hypothesis testing X
« Learning x
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Often Phase I/l

x Sparse (or mixed)

sampling strategies
Flexible paradigm

Complicated and time-
Intensive analyses

NONMEM®
Exploratory analysis

Learning AND
confirming




Other Characteristics for
Comparison’s Sake

» Traditional Studies . Population Approach

Controlled/run by PK « Requires
group collaboration

Single research site Many study sites
Confined subjects Often out-patients

Trained technicians Clinicians sometimes
Prototypical unfamiliar w/population

designs sampling

Data collection strategies x Complex designs
well developed Ad hoc data collection
and management
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Criteria for Selecting a
Traditional or Population Strategy

- What information 1s needed; what
guestions need to be answered

- Timeliness of results
- Likelihood of success
- Cost

- Prevalence of targeted characteristic
In trial population
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Criteria for Selecting a
Traditional or Population Strategy

- A mixture of population and
traditional approaches are probably
appropriate for most drug
development programs

« Efficiency
« Loglistics
« Infrastructure
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Population Methodologies

Naive Pooled Data:

x Estimate population mean parameters by treating all data as if it
were from the same individual

Standard Two-Stage:

« Estimate each individual’s PK and then use individual parameters
to estimate the population parameters

Nonlinear Mixed Effects Modeling:

« Estimate fixed and random effect population parameters
simultaneously (NONMEM®, WinNonMix, PROC NLMIXED, etc.)

Bayesian Estimation:

x Use prior distribution of parameters in a population of subjects
and data from an individual to estimate the individual’s parameters
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Problems With Analysis of
Observational Data

- Observational data: then and now;
differing definitions but the Issues remain:

« Variable reliability of data

« Variable drug assay error and measurement
error in other critical data

« Heterogeneous patient population

« Lack of simple experimental paradigm
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Population PK Approach

- Allows for analysis of data which are:

X

Obtained during evaluation of relationships
between dose/conc. and safety & efficacy

Observational, meaning unbalanced and
fragmentary

Both sparse and dense

From studies that do not follow conventional
PK methods (elderly, peds, etc.)
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Pop PK Uses
INn Preclinical and Phase | Studies

O

Obtain population distributions of PK profiles in
various animal species

Bridging animal to first-in-man studies:
« predicting human drug disposition and specifying
starting doses/dosing intervals in humans

Instrumental for optimal design of subsequent
Phase Il and Il trials

Helps to gain initial knowledge of inter- and
intra-individual variability

Helps in selection of target doses and intervals
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Pop PK/PD in Phase Il Trials

- (Interim) Phase Il analyses can be used to
Identify sub-populations with altered PK and,
when prospectively planned, can be used to
eliminate Phase | studies

- Evaluate relationships between individual
exposure and response

- Target dosing in Phase lll based on exposure-
response

- Can be a basis for simulations of Phase Il
studies/designs
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Pop PK/PD in Phase Ill Trials

- ldentify sub-population differences
In PK and PD

- Provide rationale for drug labeling
» Disease modeling

- Meta-analyses of pooled data from
various studies and phases




Potential Benefits of Pop PK/PD
Implementation

- Increased knowledge of quantitative
relationships between drug Input patterns,
patient characteristics, drug disposition,
and responses, i.e., a model which can be

used to:

« Increase efficiency and specificity of drug
development by suggesting more informative
designs and analyses; e.qg., target dosing,
Improve design, etc. through simulation

studies*
- Reduce Phase | commitments

*ref: FDA Guidance for Industry, Population Pharmacokinetics, 1999

19 ©2003, Cognigen Corporation




Potential Benefits of Pop PK/PD
Implementation

- Regulatory impact — more informative
labeling (30+ drugs with population PK
references listed in their label*)

- Supportive evidence of efficacy

» Increased understanding of safety
concerns

- Model-based CTS

> Insight into reasons for failed trials

*ref: Population PK Workshop Notes, GloboMax LLC, Jan 2001
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Case Studies to lllustrate Key
Points

- Cls-atracurium

« Prospective planning

« Reduction in Phase | commitments
- Docetaxel

« Prospective planning

« Clinically relevant findings impacting on
dosing recommendations
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Prospective Use of Population
Pharmacokinetics/Pharmacodynamics
In the Development of Cisatracurium

Schmith VD, Fiedler-Kelly J, Phillips L, Grasela TH
Pharmaceutical Research, Vol. 14, No. 1, 1997
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Prospective Planning: Cisatracurium
Study Design Characteristics

- Sparse sampling incorporated in the design
of international efficacy/safety trials of
surgical patients

o Inclusion/exclusion criteria relaxed to obtain
more heterogeneous population

- Several studies (eight Phase | — Ill) pooled to
Include various dosage regimens

- Population PK/PD model estimated the
Influence of factors affecting PK and
neuromuscular block response to identify
patients requiring dose individualization
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Cisatracurium Case Study
Methods

O

55 patients from 6 studies including full-profile
sampling and 186 patients from 5 studies including
sparse sampling

Prospectively designed sampling schedule, with 4
windows and several times in each

Primary elimination pathway is Hofmann elimination,
a chemical process dependent on pH and
temperature

%T, suppression data also collected as part of the
evaluation of efficacy

Concentration and %block data pooled for
simultaneous modeling
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Cisatracurium Case Study:
Population PK/PD Results

Type of anesthesia, age, gender, creatinine clearance,
and presence of obesity were found to be significant
predictors of either CL, Vc, k., or EC.,, but no clinically
significant changes in the estimated recovery profile

Slight differences in onset were predicted for patients
with renal impairment and those receiving inhalational
anesthesia

Using the then state-of-the-art machines, this complex
model required > 24 hours to minimize (with the desired
estimation method, it was estimated to require >60 days)

Model validation also performed, which indicated that the
model was reasonably accurate and precise
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Impact of Cisatracurium Population
PK/PD Results

- Analysis results were used to
Improve dosing guidelines in product
labeling

» Prospective population PK/PD
decreased the number of formal drug
development studies necessary by
four




Population
Pharmacokinetics/Pharmacodynamics
of Docetaxel in Phase |l Studies In
Patients with Cancer

Rene Bruno et al.
Journal of Clinical Oncology, Vol 16, No 1 (January), 1998: pp. 187-196
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Early Implementation

Prospective integration of PPK/PD into the
clinical development program to evaluate PK
and E-R

« Ultimate goal of determining the optimal and
safe dosage to recommend to clinicians

- Data pooled from 24 Phase Il non-randomized
studies In various cancers

» Patients randomized to 1 of 4 different
sampling schedules, each consisting of 3
samples drawn at varying times during and
after infusion

Bruno et al., J Clin Onc, Vol 16, No 1 (Jan), 1998: pp. 187-196
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Clinically Relevant Findings

- Justification for dose normalization to BSA

- Elevated hepatic enzymes were found to be
assoclated with decreased CL

- Exposure found to be a significant predictor
of febrile neutropenia
« this motivated a safety analysis in the entire
clinical database and ultimately provided the
justification for a 25% dose reduction In
patients with elevated hepatic enzymes

Bruno et al., J Clin Onc, Vol 16, No 1 (Jan), 1998: pp. 187-196
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Population PK/PD:

Considerations for Implementation




Obtaining Concentration (and Associated)
Data for Population PK

- Potential Barriers:
« 100 difficult and too expensive

« Clinics reluctant to change;
Investigators don’t understand what is
Important and/or why

« Unclear, poorly stated rationale results
In a lack of appreciation of the benefit

« Isn’t this just to check a box?
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The Ammunition

- In addition to the previously stated
penefits ...

- FDA Guidance on Exposure-Response
Relationships — Study Design, Data
Analysis, and Regulatory Applications

« “EXposure-response information is at the heart
of any determination of the safety and
effectiveness of drugs.”

- This guidance (in addition to others) point
to a pivotal role for population PK/PD
analysis in development and regulatory
decision-making
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Population Pt Assessmen

» Common Problems:
« Lack of advanced planning

« Non-informative blood sampling
strategies

« Dosing history data inadequate or poor
quality

« Protocol non-compliance

« Data management plan lacking
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Population PK/PD Assessments
In Clinical Trials

» Cconsequences:

« Forced model simplification

« Difficult resolution of discrepancies
« Spurious results from outliers
« Delayed availability of results

« Inconclusive results
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Prospective Planning

- #1 - Start Yesterday!

« Need to plan for availability of results in regulatory
submission; get it on the critical path

» Include PPK/PD in protocol and data
analysis plan - implications for:
x Case Report Form design
« Data management plan
« Inclusion/exclusion criteria and sample sizes
« Use of other data, other trials

- Plan and allow for on-study adjustments, if
possible
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What to Collect and When to
Collect It?

- Study Design Issues

« Consider objectives when selecting a population
sampling strategy
v Single trough
v Multiple trough
v Full Population PK
v Sampling on more than one occasion

- Carefully consider implications of design on
PPK data collection

- Carefully consider analysis plan and
consistency of results with statistical and
efficacy/safety analyses
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A Balancing Act:
Get as Much as Possible vs.
Practical Considerations

- Too much flexibility can be good or bad

- Sampling windows can work

- Appropriate and adequate dosing history

collection — many options
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Garbage In = Garbage Out

Plan for and prioritize data cleaning and
communicate with data management

Standardize select Case Report Form pages

Use Real-Time Data Assembly to clean data in
real-time (and perform safety monitoring or dose
adjustments)

Provide training and education for all team
members prior to study initiation

Role of EDA and interim analyses
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Assembly of the NONMEM®
Dataset

» What’s so special about population PK data?
Don’t | already have data management
covered?

- Data for population analysis may never be
addressed for statistical analyses

« Dosing history, deviations
x PK sample info and times
« Relational nature of data and edits

x Time-ordered sequence of events for each
individual is the goal

» Data edit and correction strategy
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To Outsource or Not to
Outsource?

Strategic considerations; longer-term
view of the program and best utilization of
resources

Outsourcing : losing control

Consider experience, especially with
likely regulatory issues

Check with references

Working relationship, communication and
trust




Timeline Issues to Consider

Planning * _ kkkkk

Data cleanup and
management kL kkkkk

PK Model development AR

Evaluation of covariate
Influences * | kkkkok

PK/PD model development * - *****
Simulation studies * _ kkkkk

Report writing X KkAAK
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Why Am | Paying for?

» Remember what the results will be
used for

« On critical path to the NDA

« Addressing critical issues re: PK, E-R,
or the basis for simulation analyses to
guide the next phase
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Why Am | Paying for?

- Difficult to predict what issues will
emerge and some can result in
considerable effort and time to

address adequately
« Data quality iIssues and salvaging data

« “We know the PK are linear”
« Complex models can require lots of time
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Why Am | Paying for?

- Requirement for expedited results
can sometimes be addressed with
$$%, up to a certain point ...

« Resourcing plan, size of team

« Processor speed and number of
processors allocated

44 ©2003, Cognigen Corporation




Why Am | Paying for?

- Reporting and documentation

« Reports are long and detailed to provide
sufficient evidence to a regulatory
audience for a complicated analysis

« Appropriate and adequate
documentation of data cleaning and
analysis Is not insignificant — see FDA
Guidance and 21 CFR Part 11
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Measuring the Impact of
Pop PK/PD on Drug Development

©]

O

Traditional PK study burden
Data discard rates
ROI for data management and analysis

Availability of results to support regulatory
submission

Integration of results into regulatory submission
Outcome of the regulatory review
Minimization of post-approval commitments

Implications for marketing activities
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Strategies for Optimizing
Population PK/PD in Drug Development

- Prospective analysis . Prioritize error checking

plan development - Real-time monitoring of

- Use of simulations critical data elements

. Prospective CRF « unblinding data
development analysis CRO
Training of key players  ~ cleaming selecst

’ CRF pages

- Standardization of . ongoing data entry
databases and logic checks

- Accurate and timely - Exploratory data
communications analyses
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Review of Benefits and
Considerations

- Consider the implementation of a PPK/PD
strategy as early as possible in the
program to take full advantage of the
possible benefits

- Remember PPK when designing Phase Il
studies, sampling strategies, and CRF
pages

- Utilize PPK strategically to make efficient
use of existing data
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Review of Benefits and
Considerations

- Consider all of the possible uses for
PPK/PD models

« addressing unknowns about efficacy and
safety relationships with exposure

« as a basis for simulation studies of untested
dosing regimens, designs, and potential
outcomes

« as a guide for future study planning

« address the clinical impact of various patient
differences
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For more information contact:

Jill Fiedler-Kelly
Vice President Pop PK/PD
Cognigen Corporation

Jill.fiedler-kelly@cognigencorp.com
716.633.3463 ext 228




Thank You
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