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Answering the Question:
What Is Enlightenment?

Beantivortung der Frage: FWag ift Vufflirung?

i Enlightenment IS man’s emerger
from his selfimposed immaturity fm;ii"f“&ww ift dev Ausgang Des Mens

n aug feinec felbjt vevrfhuldeten iln:

Wthh he hlmself was responS|b|e mindigfeit. UnmandigPeit ift Das Unpermds

gen, fich feines Verftandes ofme Leitung eines andern

Immaturity and dependenage the uswinm seio verrourses if disje tnmins

Digfeit, mwenu bie Urfache derfelben nicht am Tlangel

Inablllty to use One’s Own Inte”eCt bed Bevftanded, fondern Per Entfdlieffung und des
Wlthout the dlrectlon Of anoth@ne SMuthes lieat, fich fefner obne feitung eined andecn ju

] ] I . bebienen. Sapere ande! $Habe Muth, didh deines eiges
IS responsiblgor this IMMaturity N s w s i i v wfipesd
dependence, if its cause is not a lack
of intelligence, but a lack of determination andiame to

think without the direction of anothe®aper e aude!
Have courage to use yoown understanding! is therefore

the slogan of Enlightenment.” Immanuel Kant (1784)
informa
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To bear In Remembrance...

Whenever a theory appears to you as the
only possible one, take this as a sign that
you have neither understood the theory nor
the problem which it was intended to solve.
Karl R. Popper
Even though it’'s applied science we'’re
dealin’ with, it still is — science!
Leslie Z. Benet
Statistics — A subject which most statisti -

cians find difficult but in which nearly all
physicians are expert. Stephen Senn

iInforma
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Bioequivalence Studies

e Defining study objectives
e Selecting CROs

e Protocol development

e Ethical considerations

e Assessing clinical and
safety laboratory facilities

e Selecting subjects

e Adhering to guidelines

iInforma
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Bioequivalence Studies
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Overview

eBioequivalence
m Surrogate of clinical equivalence or
mMeasure of pharmaceutical quality?

eTypes of studies
m Pharmacokinetic (PK)
mPharmacodynamic (PD)
mClinical (equivalence and/or safety/efficacy)

iInforma

life sciences Bioavailability/Bioequivalence and Dissolution Test ing, Pre-Conference Workshop | Budapest , 16 May 2011 629



1/4 | Overview & Introduction ]

‘BAC

Overview

eTypes of studies (cont'd)
mHealthy Subjects
m Patients
mSingle dose
m Multiple dose
mCross-over
mParallel

mReference product (another modified release
formulation, IR, solution)

iInforma
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Overview

eTypes of studies (cont'd)
mFood effect
mPK interaction

eDesign Issues
mDose regimen
mFasted / fed state
m Type of standard meals

eBioanalytics (not GLP!)
mParent drug / metabolite(s) / enantiomers / pro-drugs
mValidation / routine application

iInforma
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Overview

eEthics (GCP!)
mDose levels / number of administered doses
mNumber / volume of blood samples
mDrug and/or adverse effects

eClinical performance (GCP!)
mCRO selection

mResponsibilities of sponsor / investigator
m Audits / monitoring

iInforma
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Overview

eNCA / PK (PD)

mSampling schedule
mMetrics (AUC, C_..; AUEC, Ae

max?

mDesign, methods, evaluation

eSample size

m Estimation from previous and/or pilot studies,
literature
mHighly variable drugs

eBiostatistics

mModels & assumptions
mProtocol, evaluation, report

max"'-)
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Overview

e‘'\What if’-scenarios
m Common pitfalls
mBlind review
m‘Failed’ studies
mDeficiency letters

iInforma
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Assumptions

N

Model ‘Data’ — Theory ‘Reality’

iInforma
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Terminology

relative BA

Bioavailability Comparative BA

absolute BA

Bioequivalence

Food effect

PK interaction

Pilot study

informa
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Definition

eEMEA NfG on BA/BE (2001)

‘A bioequivalence study is basically a
comparative bioavailability study designed
to establish equivalence between test and
reference products.’

mComparative BA,

mdesigned to demonstrate BE,
mreference = innovator’s product.

EMEA Human Medicines Evaluation Unit / CPMP
Note for Guidance on the Investigation of Bioavailability and Bioequivalence (2001)
http://bebac.at/downloads/140198enfin.pdf

iInforma
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Bioeguivalence

eComparative BA

mtrue experiment; no bibliographic comparison
eDesigned to demonstrate BE
mvariability,
mdeviation of test from reference,
mdrop-out rate, ...
210 be able (statistical power!) to demonstrate BE

eReference = Innovator’s product

#1: BE [90%—125%)]

#2: BE [80%—110%]

#3: not BE [76%-103%)]; (but ‘BE’ to #2)

iInforma
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Bioequivalence ...

eEMA GL on BE (2010)

“Two medicinal products containing the same
active substance are considered bioequivalent
If they are pharmaceutically equivalent or
pharmaceutical alternatives and their bioavalil-
abilities (rate and extent) after administration
In the same molar dose lie within acceptable
predefined limits. These limits are set
to ensure comparable in vivo
performance, i.e. similarity in terms
of safety and efficacy.’

iInforma
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Global Harmonization?

eIn almost all regulations two metrics are necessary to
demonstrate BE, namely
mextent (AUC, or AUC,) and
mrate (C,,,,) of exposure.

e One exception: US-FDA (where AUC, and AUC_, must
demonstrate extent of exposure)
m Although stated in the GL, such a requirement &
IS statistically flawed.
o Multiplicity issues (what is the patient’s risk?)
o Impossible a-adjustment (interdependence)

iInforma
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History of BE

eBioequivalence

mProblems first noticed with NTIDs (Narrow
Therapeutic Index Drugs) in the late 1970s

mIntoxications (and even some fatallities!) were
reported (warfarin, digoxin, phenytoin)
m Warfarin, digoxin: Patients switched between

formulations which were got approval solely based
on in vitro data (innovator - generic)

m Phenytoin: The innovator’s APl was changed from a
microcrystalline to an amorphous form resulting in
10times higher plasma concentrations in steady state

iInforma
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History of BE

eBioequivalence

mSurrogate of clinical equivalence (1980+)
m Studies in steady state in order to reduce variability
m Studies based on active metabolite

m\Wider acceptance range Iif clinical justifiable
(not FDA!)

mMeasure of pharmaceutical quality (2000+) E.
N

m Single dose studies preferred
m Generally parent drug

m \Widening of acceptance range exceptional
(except FDA HVDs and EMA C__, of HVDs)

iInforma
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Early 1980s

eFirst method

mFDA’s 75/75 Rule
BE, if 75% of subjects
show ratios of 75%-125%.
Not a statistic, variable
formulations may pass by
chance...

BE Cabana

Assessment of 75/75 Rule: FDA Viewpoint
J Pharm Sci 72, 98-99 (1983)

JD Haynes

FDA 75/75 Rule: A Response

J Pharm Sci 72, 99-100 (1983)

Bioavailability/Bioequivalence and Dissolution Test ing, Pre-Conference Workshop | Budapest , 16 May 2011
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T|IR| TR |75%-125%
1/71|81| 87.7% =)
2(61| 65| 93.8% yes
3(80[94| 85.1% yes
41 66( 74| 89.2% =S
5(94|54(174.1%
6|97(63|154.0%
7| 70| 85| 82.4% =S
8| 76|90| 84.4% yes
9]54]|53]101.9% yes

10| 99| 56| 176.8%
11| 83| 90| 92.2% yes
12| 51| 68| 75.0% yes
75.0%
2029
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Mid 1980s |

eEarly method

m Testing for a significant
difference (t-test) at a 0.05
Problem:

m High variability in differences
— formulation will pass (p = 0.05)

m Low variability in differences
— formulation will fail (p <0.05)

m This Is counterintuitive and
the opposite of what we actually
want!

iInforma
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0 R T-R

1 71 81 -10

2 61 65 -4

3 80 94 -14

4 66 74 -8

5 94 54 +40

6 97 63 +34

7 70 85 -15

8 76 90 -14

9 54 53 +1

10 99 56 +43
11 83 90 -7
12 51 68 -17
mean 75 73 2
SD 16 15 23
CV% | 21.4%] 20.6%| 940%
t-table| 2.2010

t-calc [ 0.3687

n.s.
2129
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Example

25 i —¢- Epanutin (Acid, Parke Davis): Reference
. - Phenhydan (Acid, Desitin): F=151% (p>0.05)
] -4 Epilan-D (Na-salt, Gerot): F=139% (p>0.05)
20 A Difhydan (Ca-salt, Leo): F=22% (p<0.01)
E ]
S
c -
Q i
© i
< 10 1
[5) .
(&)
= i
o i
U -
5 -
0

time [h]

Nitsche V, Mascher H, and H Schiitz

Comparative bioavailability of several phenytoin preparations marketed in Austria
Int J Clin Pharmacol Ther Toxicol 22(2), 104-107 (1984)
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Mid 1980s I

T R T-R
el ater method T et
? 2 61 65 -4
mFDA'’s 80/20 rule e
m At least 80% power to be able 4 66| 14 8
5 94| 54|  +40
to demonstrate a 20% s 9l 63 32
difference (t-test) at a 0.05 I gg =
m Essentially the 75/75 rule in of 54] 53 +1
more statistical terms. 10f 99] 96] +43
11 83 90 -7
m Power 71.5% < 80! (not BE) 2 51l e8| 17
= In any study (even at ‘true’ T=R) gga” 12 12 ;g
with variability EEE 0
S /2/n > 6.44 t-calc | 0.3687

i n.s.
It is impossible to show BE! power | 71.59%
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life sciences Bioavailability/Bioequivalence and Dissolution Test ing, Pre-Conference Workshop | Budapest , 16 May 2011 2329



1/4 | Overview & Introduction ]

‘BAC

eTOST (Two One-Sided Tests) —————+———
m First formulation of the prob- -
lem based on equivalence i e8| 74 8

] 5] 94 54 +40

rather than a difference o I

m Two One-Sided t-tests 7|70 8 -15

. . . g] 76| 90 -14

m Bioequivalent if ol =l 53 1
P(<80%) + p(>120%) <0.05 100 99] 56]  +43

= Equivalent to a 90% confidence -
interval within an acceptance p(<80%)| 0.0069

range of 80% — 120% p(>120%)| 0.0344

DA Schuirmann (tOtaI) 0.0414
A Comparison of the Two One-Sided Tests Procedure and the T/R | 103.32%
i\c;gzg:p;gcg;m;cgzln/—\yssessing the Equivalence of 90% Cl (lo)| 88.35%
J Pharmacokin Biopharm 15, 657-680 (1987) 90% Cl (hi) | 118.30%

iInforma
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Human Guineapigs |

eBE studies as a surrogate for clinical efficacy /
safety (‘essential similarity’)

m\Ve want to get unbiased estimates, i.e., the point
estimate from the study sample ...

X Sy
PE = = %
X Reference ?

m... should be representative for the population of
patients.

1’ ' "
F - ILITeSt d\&—\/ﬁ’
Pop — - < ._.{\“{/ \
Hreterence N’/
informa

life sciences Bioavailability/Bioequivalence and Dissolution Test ing, Pre-Conference Workshop | Budapest , 16 May 2011 2529




1/4 | Overview & Introduction ]

‘BAC

Human Guineapigs I

eBE studies as a special case of documented
pharmaceutical quality

mThe in vivo release in the biostudy ...

X et “»
PE = X v\ %
Reference i ’;

m... should be representative for the in vitro
performance.

100

J S RM-TOT
1

+ t=1

f, =5000g

n
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Science - Regulations

e\We can’t compare bioavailabilities in the
entire population of patients

m Scientific Reductionism (based on assumptions)

m ‘Similar’ concentrations in healthy subjects will
lead to ‘similar’ effects in patients.

m Equal doses and inter-occasion clearances!

AUC. = 2, 05 ,AUC, = D, e
T R
[D; =Dg,CL; =CLg]
Fo (BA) = b - AYG,
F. AUC,

iInforma
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Models vs. R

Mouth

iInforma

life sciences Bioavailability/Bioequivalence and Dissolution Test ing, Pre-Conference Workshop | Budapest , 16 May 2011 28 29



1/4 | Overview & Introduction ]

‘BAC

Another reminder

Rose
IS a rose
IS a rose
IS a rose.

Gertrude Stein (1913)

Guidelines
are guidelines
are guidelines.
Henrike Potthast (ca. 2004)
In advanced engineering, you expected failure; you learned
as much from failures as from successes - indeed if you
never suffered a failure you probably weren’t pushi ng the

envelope ambitiously enough.
Stephen Baxter; Transcendent, Chapter 36 (2006)
informa
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