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Narrow Therapeutic Index (NTI) Drugs

* An NTl drug is one where small differences in dose or
blood concentration may lead to therapeutic failure
and/or adverse drug reactions (FDA)

— Also drugs that require PK or PD monitoring

Drugs that have less than 2-fold difference in the
minimum toxic concentration and minimum effective
concentration (NC BoP)
— Wide intra-patient variability that requires blood-level
monitoring

e A drug where the ratio of the lowest concentration at
which clinical toxicity occurs, to the median
concentration providing therapeutic effect <2 (Health
Canada)

Levetiracetam

e Anticonvulsant (Keppra®) introduced in 1999

— Also used for bipolar disorder, anxiety disorder, and
neuropathic pain

— Introduced as a generic in 2008

» Adverse effects: somnolence, hematologic
abnormalities, dermatologic reactions,
psychiatric reactions, weakness, respiratory
depression

 TDM is utilized for management of this drug
— HPLC, LC-MS, immunoassay are all available
— Reported target interval: 12-46 ug/mL
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Objectives

* Retrospective analysis of archived clinical data
— TDM data, surgical pathology, clinical notes

e Evaluation of variability
— Intra-individual variability
— Characterization of variability within a population

e Data-based Tl for levetiracetam
— PK data evaluation (3 sites)
— PK-PD modeling (2 sites)

Data Extraction Methods — drug levels

* Raw data were exported from the clinical
database — these include every result and record
that was electronically stored

The raw data were filtered with common sense
criteria: the record had to contain a results (not
re-test records), results had to be from a patient
with a valid MRN (not QC/PT runs), the collection
time and date had to be recorded for every
record

“Negative” results recorded as below the LOQ
had to be encoded as numbers; rather than “<1
ng/mL” these are preliminarily stored as 0.5 ng/
mL.




PK Analytics Approach

Levels of each drug represent single or multiple
data points from numerous patients.

Simple histograms are a useful first tool to
understand how drug levels are present
throughout a population.

After simple histograms, it is necessary to see
how much variance there is within drug-level bins
— for example at high drug-levels are the
concentrations distributed narrowly or broadly?

For patients with multiple levels, a plot of drug
levels over time provides intra-individual variance

Coefficients of Variation for Single Individuals
with Multiple [Levetiracetam] Measrurements
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Data Extraction Methods — clinic notes

* After production of a consistent drug level dataset, the
medical record numbers were queued to an in-house
telnet/Expect/Perl program that emulated human
interaction with the electronic medical record repository

Pertinent clinical records were chosen on the presence of
seizure relevant text

The plain text of pertinent clinical records was screen-
scraped from the electronic medical record

To facilitate recognition of granular data the non-
standardized dictated free-text clinical report, html
annotation was used to find areas of the clinical notes that
were candidate text areas for containing useful
information.

The annotated clinical notes were imported into a
Filemaker based graphical user interface for manual review
and the population of the granular database
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PK-PD Analysis

After html annotation and manual review, the
database contains clinical correlates for drug
measurements, so it is possible to plot and model

which drug levels actually correlate to the best and
worst clinical outcomes.

For narrow therapeutic index drugs, the drug levels for
the “good” and “bad” clinical outcomes may be close
together, thus, it is necessary to determine how
reliably therapeutic drug monitoring is expected to
separate these outcomes.

By incorporating intra-individual, population, and
analytical variance into an overall model of the error

on drug levels, the confidence of drug levels can be
seen by running a Monte Carlo simulation.
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Sample Data

Distribution of Detectable Levetiracetam values
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Future analysis

e Complete levetiracetam analysis including
data from Mayo Clinic and ARUP

Additional PK variability analyses for
tacrolimus and sirolimus with data from JHH,
Mayo, and ARUP

PK-PD analyses for tacrolimus and sirolimus
with data from JHH and Mayo
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