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i What is Stability?

= Stability is defined as the capacity of a drug
substance or a drug product to remain within
specifications established to ensure its
identity, strength, quality, and purity
throughout the retest period or expiration
dating period



i Purpose of a Stability Study

= [0 provide evidence on how the quality of a
drug substance or drug product varies with
time under the influence of a variety of
environmental factors (such as temperature,
humidity, light, desiccant, package)

n 70 establish a re-test period for the drug
substance or an expiration date for the
drug product

= [0 recommend storage conditions



‘L Statistical Objectives

= [0 estimate
« Degradation Rate
» Retest Period or Expiration Date
» Release Limits for a given shelf life

= Focus is on control of lot mean



i What is Expiration Date?

Definition of Expiration Dating (FDA/ICH) - 'The date
placed on the container/labels of a drug product
designating the time during which a batch of the
product is expected to remain within the approved
shelf-life specification if stored under defined
conditions, and after which it must not be used.’

Evaluated by ‘...determine the time at which the 95
percent one-sided confidence limit for the mean
degradation curve intersects the acceptable lower
specification limit." Focus on Potency.



Expiration Date: Graphical Method

Intersection of specification limit with 95% confidence bound on the batch mean

Stability Profile: Expiration Date
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i Expiration Date: Formula

= Regression model for potency wrt a single batch
y. =a+bxt, (wolog,b<0)

a = initial potency, b = degradation rate

= The expiration date (7,,) is the solution to the
equation

LSL=a+bXxT,, — t(a,df)\/Var(a +bXT.,)

LSl = lower specification limit

t . an 1S the (1-a)™ quantile of the t-distribution with
df degrees of freedom



i Typical Design

Randomly select containers/dosage units at time of
manufacture, minimum of 3 batches, stored at specified
conditions related to zones I,II,III,IV requirements

= At specified times 0,1,3,6,9,12,18,24 months and yearly
thereafter, randomly select dosage units and perform
assay on composite samples

= Common Factors: Batch, Strength, Storage Condition,
Time, Package

= Additional Factors: Position, Desiccant, Drug Substance
Lot, Supplier, Manufacturing Site, ..., etc

= Analytical Runs in relation to Fixed Factors




i Case Study Data

Condition| Month Batch B1 | Batch B2 | Batch B3
25C-60RH 0 99.7 99.0 99.4
25C-60RH 1 100.0 99.4 100.5
25C-60RH 3 99.1 99.2 99.7
25C-60RH 6 98.8 99.5 99.7
25C-60RH 9 98.7 98.7 99.4
25C-60RH 12 98.7 98.6 99.3
30C-65RH 1 100.4 99.9 101.7
30C-65RH 3 99.6 99.4 100.0
30C-65RH 6 99.3 99.5 99.6
30C-65RH 9 98.2 98.2 98.9
30C-65RH 12 98.0 97.4 98.5
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i Statistical Modeling

It's assumed that batches as the primary
statistical units arise from a fixed
manufacturing process. Therefore, the
necessary model parameters are :
= Process Mean at Initial Time
» Condition-specific Degradation Rate (slope)
= Variance structure

= Process (Batch-Batch)

= Analytical Variation
Measurement error, Extraneous sources
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Plot of Stability Profile by Batch and Storage Condition
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‘L Random Intercept Model

= Random batch intercept

= Condition-specific slope

= Common error across batches

= Degree of freedom for the £-guantile

controversial

s Bayes Approach provides a flexible framework
for incorporating scientific and expert
Judgment, exploiting past experience with
similar products and processes and a more
natural way to approach decision making
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Analysis of Stability Study

!'_ - Bayesian Approach
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i Posterior Distribution

X ~f160), O~ prior()
f(x10)X prior(0)
j f(x18)x prior(6) dO

o< f(x|8)X prior(0)

post(B1x)=

Posterior Distribution ~ Likelihood x Prior Distribution
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i Statistical Model
Y,=a.+p). X, +

lj
where

Yix = Assay (%label claim) for the /th batch, jth
storage condition and & th time index,
/=1tol, j=1to], k=1toK

o; = initial assay of /th batch

B, = fixed degradation rate at jth condition

X = stability time

& = residual error
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‘L Hierarchical Model
= Random Intercept Model
Yo=Wu+ta)+p5.X, +&,
Y, ~Nu+a,+p.X,,0,)

o ~N(©0,0,°)

= Add (prior) distribution on the unknown
parameters, y, 5;, 0'82 , O'az



i Expiration Date

= The expiration date is the solution to the equation

LSL :,&+,6A’><TED —c\/‘}ar(ﬂ+,BXTED)+5§

= Bayesian approach, consider LSL = u+ X Ty + 2
orTg=(LSL-u-2)/p

Z 1s independent of data and symmetrical about O,
Z ~N(0,0)).
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i Prior Distributions

= Expert opinion

= Process mean is likely between 99% and 101%
u~ N100,0.1)

= Lot to lot variance is likely between 0.1 and 0.5
o’ ~T7(10,2)

= Flat prior on the yearly degradation rates
D By ~ I(—o0,+0)

= Analytical variance is likely between 0.1 to 1.0
o’ ~T76,2)
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i Software

= R
= SAS
= WIinBUGS (Gibbs sampling)

= Future Option
= SAS 9.3 (Metropolis Hastings algorithm)
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!'_ Case Study
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i R/WinBUGS Simulation Parameters

= 3 chains
= 500,000 iterations/chain

= Discard 15t 100,000 simulated values in
each chain

= Retain every 100t simulation draw

= A total of 27,000 simulated values for
each parameter
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Parameter Estimates

Frequentist Bayesian
Parameters : 95% Confidence Mean 95% Credible
Estimate ]
Interval (Median) Interval
n 100 99.2,100.8 100 99.6,100.5
B -0.11 -0.16,-0.07 -0.11 -0.16 ,-0.06
B, -0.16 -0.21,-0.11 -0.16 -0.21,-0.11
Gy’ 0.12 0.21 (0.20) 0.11,0.38
G, 0.22 0.27 (0.26) 0.17,0.42
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‘L Prior vs Posterior Distributions

Prior vs Posterior Distribution for .
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i Posterior Distributions for Degradation Rates

Storage Condition 25C-60RH
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‘-L Prior vs Posterior Distributions

Prior vs Posterior Distribution for 1 Xci
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Estimate of Shelf Life and Expiration Date (months)

Method Shelf Life Expiration Date
Storage 25C 30C 25C 30C
Condition
Frequentist 89 62 67 51
Bayesian 94 (89) 64 (62) 65 50

Bayesian estimate of shelf life is based on the posterior mean (median)
and the expiration date corresponds to the 5% percentile.
Specification limits, 90% to 110%.
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‘L Shelf Life Distribution
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i Summary

Bayesian approach permits integration of expert scientific
judgment in characterizing the stability property of a
pharmaceutical compound

= The Bayesian credible interval can be interpreted in a
probabilistic way and provides a more natural meaning to
shelf life compared with the frequentist repeated sampling
definition

= The problem of determining the appropriate degrees of
freedom in mixed modeling can be overcome by Bayesian
approach

= Bayesian approach is more flexible and can be easily applied
to a wide family of distributions

= WinBUGS/R/SAS will make Bayesian approach more
accessible to a wider audience of applied statisticians
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