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Overview

eNoncompartmental Analysis (NCA) In
Pharmacokinetics, PK-based Design

eStudy Designs (Types of Studies, Sample
Sizes)

eProtocol, Study Performance
eModel, Evaluation
eOpen Issues
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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

inability to USe one's own intellect 1= o i
Wlthout the dlrectlon Of anoth@ne SMuthes lieat, fich fefner obne feitung eined andecn ju

bebienen. Sapere ande! Habe IMuth, dich deines eiges

IS responsibldor this Immaturity anCeen sekemses w ssdienent it atfo der SBapipedy
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)
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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

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010 4162



Taking a Biostatistical Approach to Designing a B ioequivalence Study: Ensuring Success through Effective Planning (1/3) 0OC

History of BE

eBioequivalence

mSurrogate of clinical equivalence (1985+)
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.
\

m Single dose studies preferred

m Generally parent drug

m Widening of acceptance range exceptional
(except FDA and EMA C

max)
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Mid 1980s

eEarly methods T[R|[ TR [75%-125%

mFDA’s 75/75 Rule ; Q 2; 2;;2? yes
BE if 75% of subjects show [—Si=o22—=""" ﬁz
) O_ o .
ratios of 7_54) 12.5 0. 46674 89.2%|  yes
Not a statistic, variable 5/94|54] 174 1%
formulations may pass by 6| 97| 63| 154.0%
chance... 7170|85| 82.4% yes
8| 76|90| 84.4% yes
9|54|53|101.9% yes
255§§§rigitof75/75 Rule: 10 99 56 1768%
FlRle VIS 11{83|90( 92.2% yes

Pharm Sci 72, 98-99 (1983)

JD Haynes 12|51|68| 75.0% VASS
FDA 75/75 Rule: A Response
J Pharm Sci 72, 99-100 (1983) 75.0%
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Mid 1980s

T R | TR
eEarly methods B TR
m Testing for a significant § 23 gi -ij
difference (t-test) at a 0.05 a| e6| 74 -8
. 5 94 o4 +40
Problem: I =
m High variability in differences - 7| _70[ 85 -15
formulation will pass (p = 0.05) dn el
. of 54] 53] +1
m Low variability in differences - 10| 99| 56| +43
formulation will fail (p < 0.05) 11] 83| 90 -7
N . 12| 51| e8] -17
m This is the opposite of what mean| 751 73] 22
we actually want! SD 16| 15 23
CV% | 21.4%] 20.6%| 940%
t-table| 2.2010
t-calc [ 0.3687

n.s.
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Example

—¢- Epanutin (Acid, Parke Davis): Reference

-#- Phenhydan (Acid, Desitin): F=151% (p>0.05)

=4 Epilan-D (Na-salt, Gerot): F=139% (p>0.05)
Difhydan (Ca-salt, Leo): F=22% (p<0.01)

N
o1

N
o

[
o1

[
o

concentration [umol/l]

(631

0 4 8 12 16 20 24
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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NCA vs. PK Modeling

eNoncompartmental methods do not rely
on a pharmacokinetic model

eAlso called SHAM (Shape, Height, Area,
Moments)

mMetrics (plasma)

m Extent of absorption (EU...), total exposure (US):
AUC (Area Under the Curve)

m Rate of absorption (EU...), peak exposure (US): C_ .,

mt . (EU...)

m Early exposure (US, CAN): AUC
at population (CAN: subject’s) t

m Others: C

maxs partial AUC truncated
max Of the reference
Fluctuation, MRT, Occupancy time, t,,,...

min?
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NCA vs. PK Modeling

eNoncompartmental methods (cont'd)

mMetrics (urine)

m Extent of absorption (EU...), total exposure (US):
Ae, (cumulative amount excreted)
rarely extrapolated to t=oo

m Rate of absorption, peak exposure (US):
AAe, .., tAAe

mEU: C

max

from plasma!

max? tmax
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NCA vs. PK Modeling

ePharmacokinetic models

m Useful for understanding the drug/formulation
m Study design of BA/BE!

m Drawbacks:

m Almost impossible to validate (fine-tuning of side
conditions, weighting schemes, software, ...)

m Still a mixture of art and science.

m Impossible to recalculate any given dataset using different
software — sometimes even different versions of the same
software!

m Not acceptable for evaluation of BA/BE studies!
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NCA (Methods )

eSingle dose

mCalculation of Moments of Curve (AUC, MRT))
m Linear trapezoidal rule, loglinear trapezoidal rule, or
combination (lin-up, log-down).
mCalculation of half life (t,,) from elimination rate (A1)
m Unweighted (!) log-linear regression
mIf necessary, extrapolation from time point of last
guantified concentration to infinity

N

AUC, = AUC +% or better: AUC, = AUC +%
mC__ [/t . directly from profile
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NCA (Methods )

eSingle dose

mMethod of estimation of A, stated in protocol!

m One-compartment model: TTT-method
(Two times t, tot)

m Maximum adjusted R?(Phoenix/WinNonlin, Kinetica)
e oy QR)ON-D) s o o
’ n-2
m Multi-compartment models: starting point = last inflection
= Minimum AIC  AIC = n{jin(27) + 1] + nOn(RS$ i+ 20
m Visual inspection of fit mandatory!

*) Scheerans C, Derendorf H and C Kloft
Proposal for a Standardised Identification of the Mono-Exponential Terminal Phase
for Orally Administered Drugs
Biopharm Drug Dispos 29, 145-157 (2008)
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NCA (Methods )

plasma profile (linear scale)

100 -
80 1
C -
9 .
T 60 N
= ]
s o
c 40 n
= ]
O -
20

O|llll|llllllllllllllllllllllll

0] 4 8 12 16 20 24
time
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NCA (Methods )

plasma profile (semilogarithmic scale)

100

10

concentration

1 r it lrlistitirinlgérrrryrrrrrrrrrrrroeord

0] 4 8 12 16 20 24
time

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010 15+162



Taking a Biostatistical Approach to Designing a B ioequivalence Study: Ensuring Success through Effective Planning (2/3) 0OC

‘OAC
NCA (Methods )
eSingle dose
mUnconventional parameters describing
the shape of the profile
mC__J/AUC
m HVD (Half value duration: time interval where C(t) = 50% of
Cma)

m .., (Plateau time: interval where C(t) = 75% of C_ )

m Occupancy time, t >MIC (time interval where C(t) is above
some limiting concentration)
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NCA (Methods )

plasma profile (linear scale)

100 -
80 1
C -
9 .
T 60 N
= ]
: o]
c 40 n
= ]
o 1.
20

O |--l v ¥y vy § v 9y vy §y v ¥y Yy v 99T Oy Yy "y vV

0] 4 8 12 16 20 24
time
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NCA (Methods )

eMultiple dose

mCalculation of AUC, (dosage interval 7);
AUC, »4if more than o.a.d. and chronopharmaco-
logical variation)

mNo extrapolation!
8Cy ma Css mindirectly from profile

mPeak-Trough-Fluctuation: (C
where C ,,= AUC,/ T

mSwing: (C Cos.min 1 Cs

Css,mir) / Cs

SAUEYE s,av

SAUEYE s,min
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NCA (Methods )

eMultiple dose

mAssessment whether steady state is reached (in
a linear PK system: AUC, = AUC,)

m No recommendations in GLs (except EU/US Veterinary)
m Not required according to comments to EMA BE-GL

= MANOVA-model (sometimes mentioned in Canada, rarely
used)

m t-test of last two pre-dose concentrations
m Hotelling’'s T2

m Linear regression of last three pre-dose concentrations,
individually for each subject/treatment

m Only the last method allows the exclusion of subjects being
not in stead state. Other methods give only a yes|no result!
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plasma profile (linear scale)
200 ]
150 -
C -
0 .
IS ] ~
= ] .
. 100 ] ~ c.
3] .
c
S Yo
50 ] ™ slope: +0.04593
. 95% Cl: [-0.35266 | +0.44452]
i steady state demonstrated
O T 0 L | L L | T 0 L | T 0 L L L T L
0] 24 48 72 96 120 144
time
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Some Problems...

eMissing values |

mProcedure for Imputation must be stated in the
Protocol: recommended:
m in the Absorption Phase (t<t_ . ) by
linear Interpolation of two adjacent values

m in the Elimination Phase (t =t ) by
log/linear Interpolation of two adjacent values

m estimated value must not be used in calculation
of the apparent half life!

mDon’t rely on softwares’ defaults!

m Phoenix/WinNonlin interpolates linear — unless lin-up/log-

down trapezoidal method is used
m Kinetica interpolates log/lin within descending values

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010
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Some Problems...

eMissing values |

25 -+ original value: 3.805
linear interpolation: 4.966
EZO —lin/log interpolation: 3.850
IS}
=15
-
9
®© 10
% Bias of AUC,,: +3.49%
las o g, 73.49%
3
O ) ) ] ) ) ] L) L) ] L) L) ] L) l\ L) L) ] L) L) ]

0 12 24 36 48 60 72 84
time [h] Bias of AUC,,: +0.14%
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Some Problems...

100
- Reference
Test
80 ‘ — LLOQ =10
[
2 60
©
c
3 |
Q |
S 40 -
(&) -
.S
20 -
0 v v ] v v ] v v ] v v ] v v ] v v ]
0 12 24 36 48 60 72
time
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Some Problems...

100
- Reference
Test
80 ‘ — LLOQ =10
[
2 60
©
c
3 |
Q |
S 40 -
(&) -
.S
20 -
0 v v ] v v ] v v ] v v ] v v ] v v ]
0 12 24 36 48 60 72
time
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eMissing values Il Reference Test

] ] time | conc |AUC,,| conc |AUC,,
mLast value of T MISSINg 0] BLQ 0| BLQ 0
) 0.25 | 28.57 4| 2714 3
(e.g., vial broken) 050 | 4857 13| 461a| 13
- AUCtIaSt (48) T — 2407 0.75 62.50 27 59.38 26
1.00 | 72.15 44 | 68.55 42
AUC,. . (72) R=2984 15| 8326 83| 7910 79
T/R = 80.67% 2| 8814 | 126| 83.73| 119

. 3| o0. 2 85.63 | 20
= Using AUC to t where C2LLOQ e
for both formulations (48) 6| 8407 | 477 | 79.86| 453
AUC48 T — 2534 9 77.11 719 73.25 683
12| 7071 | o940 | 67.18| 893
AUC,s R = 2407 16 | 63.00 | 1208 | 59.85 | 1147
T/R = 95% v 24 | 50.00 | 1660 | 47.50 | 1577
_ _ 36 | 3536 | 2172 | 33.59 | 2063
> Not available in software 28 | 2500 | 2532 | 23.75 | 2407

> Regulatory acceptance? 2] 12.50 | 2984 NA
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Some Problems...

100
- Reference
Test
80 — LLOQ =10

(=
S 60
© C,,setto 0
c
O -
8 \
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eMissing values Il Reference Test
] ] time | conc |AUC,,| conc |AUC,,
mLast value of T missing 0| BLQ| 0| BQ| 0
5 0.25 28.57 4 27.14 K]
(e.g., vial broken) 050 | 4857 | 13| 4614 13
m Setting the first concentration 0751 02501 271 59381 26
) ] 1.00 | 72.15 44 | 68.55 42
in the profile where C<LLOQ 15| 8326| 83| 7910 | 79
to zero. AUC,, ‘invented’ by 2| 8814 | 126| 8373 | 119
: K] 90.14 215 85.63 204
PharSIth 4 88.70 304 84.26 289
AUC,, (72) T =2692 6| 8407 | 477 | 79.86 | 453
AUCa" (72) R =2984 9| 7711 | 719 | 7325| 683
— 0 12 70.71 940 67.18 893
TR - 90'22_ % : 16 | 63.00 | 1208 | 59.85 | 1147
> Avalilable in Phoenix / 24 | 50.00 | 1660 | 47.50 | 1577
WinNonlin K|net|ca 36 35.36 | 2172 | 33.59 | 2063
’ 48 | 25.00 | 2534 | 23.75 | 2407
» Regulatory acceptance? 72 | 1250 | 2984 2692
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Some Problems...

100
-+ Reference
Test
80 ‘ — LLOQ =10
c
2 60 .
© C,, estimated from C,,—C,q
5§
8 |
S 40 A
&) d
k.
20 -
0 v v ] v v ] v v ] v v ] v v ] v v ]
0 12 24 36 48 60 72

time
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eMissing values Il Reference Test
time | conc |AUC,,| conc |AUC,,
mLast value of T missing 0| BIQ| o BIQ[ 0
. 0.25 28.57 4 27.14 3
(e.g., vial broken) 050 | 4857| 13| 4614| 13
m Estimating the missing value 0.75| 62°0] 27| °938| 26
. ) . 1.00 72.15 44 68.55 42
from elimination phase. 15| 8326| 83| 79001 79
AUC72* T =2835 2| 8814 | 126 | 83.73| 119
- 3 90.14 215 85.63 204
AUC;, R =2984 4| 8870 304| 8426 289
T/R =95% v 6| 8407 | 477 | 79.86| 453
. . 9 77.11 719 73.25 683
> Not available in software ST 701 o0 515 83
> Regulatory acceptance + 16 | 63.00 | 1208 | 59.85 | 1147

24 | 50.00 | 1660 | 47.50 | 1577
36 | 3536 | 2172 | 33.59 | 2063
48 | 25.00 | 2534 | 23.75 | 2407
72| 1250 | 2984 *2835
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eMissing values Il Reference Test
time | conc |AUC,,| conc |AUC,,
mValues below the lower 24 | 50.00 | 1660 | 47.50 | 1577
- . 36 | 35.36 | 2172 | 33.59 | 2063
limit of quantitation (LLOQ) 28 | 2500 | 2534 | 23.75 | 2207
m Example as before, 2] 1250 ] 2984
but LLOQ = 12.5 (instead 10) Reference Test
- — — time | conc |AUC,,| conc |AUC,,
AUC,,: T =72, R=2984 24 | 5000 1660 | 4750 | 1577
T/IR = 36 | 35.36 | 2172 | 33.59 | 2063
AUC48; T =2407, R = 2534 48 | 25.00 | 2534 | 23.75 | 2407
T/R = 95% v/ 72 | 12.50 | 2984 2692
AUCa": T = 2692’ R = 2984 time c?ne(:ere:fJeC concTeS,tAUC
T/R =90.22% 20| 5000 | 1660 | 4750 | 1577
AUC.,.. T=7, R =2984 36 | 3536 | 2172 | 33.59 | 2063
T/R = 48 | 25.00 | 2534 | 23.75 | 2407
72 | 1250 | 2984
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Some Problems...

What would you do? ) :Q
i =125

—- Reference
Test
—LLOQ =125

concentration

5
2 60“ 20 -1
£ i
§ ‘
840 o~—m—w———FFFF—77—;
0] 12 24 36 48 60 72
] time

(@)
concey
N
(@)
Lo,

time

time
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Sampling at C, .,

e\With any (!) given sampling scheme the ‘true’
Cax IS Missed

mlt is unlikely that you sample exactly at the true
C,ax fOr any given subject

mHigh inter- and/or intra-subject variability (single
point metric)

mVariability higher than for AUCs
mIn many studies the win/loose metric!

mTry to decrease variability
m Increase sample size (more subjects)
m Increase sampling within each subject (maybe better)

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010 32162



Taking a Biostatistical Approach to Designing a B ioequivalence Study: Ensuring Success through Effective Planning (1/3) 0OC

‘BAC

Sampling at C, .,

oTheoretical (T/R)
1 6.11/4.02 (A 2.09), C,,..: 41.9/53.5 (81.2%)

max
mSampling [2 | 12] [ .,

mN=4 — R theoretical
> C 78.3% T theoretical
>t - A4 -+ R sampled

- n—5max 45 4 T sampled
> Crax 78.3%
> thax A4

= n=6 35 |
> Crax 79.8%
>tha A1

mn=/
> Cmax 81 2% 25 L v v L] T T T T T T T T

tmax A2 0 3 6 9 12
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Sampling at C, .,
e'C,__, was observed within two to five hours
after administration...’
mElimination is drug specific,

mbut what about absorption?
m Formulation specific!
m Dependent on the sampling schedule (in a strict
sense study-specific)
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Sampling at C

MaxX

am) DB
‘BAC

50

40

30

20

10

— arithmetic mean
— geometric mean
— median

k, =[0.182 | 0.260]
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Sampling at C

MaxX

50 _ — arithmetic mean
- — geometric mean
] — median

40 -
] k,=0.182

30 A
: tIag = [O | 25]

20 -

10 -

0-"'l"'l"'l"'l"'l"'l

0] 4 8 12 16 20 24
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Another Problem

eEMA GL on BE (2010)

mSection 4.1.8 Reasons for exclusion 1)

m A subject with lack of any measurable concentrations or
only very low plasma concentrations for reference
medicinal product. A subject is considered to have very
low plasma concentrations if its AUC is less than 5% of
reference medicinal product geometric mean AUC (which
should be calculated without inclusion of data from the
outlying subject). The exclusion of data [...] will only be
accepted in exceptional cases and may question the
validity of the trial.

Remark: Only possible after unblinding!
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Another Problem

eEMA GL on BE (2010)

mSection 4.1.8 Resons for exclusion 1) cont’d

m The above can, for immediate release formulations, be the
result of subject non-compliance [...] and should as far as
possible be avoided by mouth check of subjects after
Intake of study medication to ensure the subjects have
swallowed the study medication [...]. The samples from
subjects excluded from the statistical analysis should still
be assayed and the results listed.

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010 38 ¢ 162



Taking a Biostatistical Approach to Designing a B ioequivalence Study: Ensuring Success through Effective Planning (2/3) 0OC

‘BAC

Another Problem

eGastro-resistant (enteric coated) preparations

m Gastric emptying of single unit dosage forms
non-disintegrating in the stomach is prolonged
and highly erratic. The consequences of this
effect on the enteric coating of delayed release
formulations are largely unpredictable.

m Sampling period should be designed such that measurable
concentrations are obtained, taking into consideration not
only the half-life of the drug but the possible occurrence of
this effect as well. This should reduce the risk of obtaining
Incomplete concentration-time profiles due to delay to the
most possible extent. These effects are highly dependent
on individual behaviour.
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Another Problem

eGastro-resistant (enteric coated) preparations

m Therefore, but only under the conditions that sampling
times are designed to identify very delayed absorption and
that the incidence of this outlier behaviour is observed with
a comparable frequency in both, test and reference pro-
ducts, these incomplete profiles can be excluded from
statistical analysis provided that it has been considered in

the study protocol.

EMEA, CHMP Efficacy Working Party therapeutic subgr  oup

on Pharmacokinetics (EWP-PK)

Questions & Answers: Positions on specific questions addressed to the EWP therapeutic
subgroup on Pharmacokinetics

EMEA/618604/2008 Rev. 2, 22 July 2010

http://www.ema.europa.eu/docs/en_GB/document library/Scientific_guideline/2009/09/WC500002

963.pdf
What is ‘comparable’? For a study in 24 subjects, we get a

significant difference for 5/0 (Fisher’s exact test: p 0.0496).

Bioequivalence & Bioavailability Studies | Munich, 2 5 October 2010 40 « 162



Taking a Biostatistical Approach to Designing a B ioequivalence Study: Ensuring Success through Effective Planning (1/3) 0OC

Case Study (PPI)
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Half lives

eDrug specific, but...

m The apparent elimination represents the slowest
rate constant (controlled release, topicals,
transdermals) — not necessarily elimination!

mAvoid the term ‘terminal elimination’ —
might not be true

mImportant in designing studies
m To meet AUC, = 80% AUC,, criterion
m To plan sufficiently long wash-out (avoid carry-over)
m To plan saturation phase for steady state
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Half lives

eDealing with literature data

m\What if only mean xSD is given?

m Assuming normal distribution:
U = o covers 68.27% of values (15.87% of values are
expected to lie outside of u £ 0)

m Example: 8.5 + 2.4 hours, 36 subjects.
0.1587 x 36 = 5.71 or in at least five subjects we may
expect a half life of > 10.9 hours.

m Plan for 95% coverage (z,os = 1.96): Ppggs = L £ Zygs X O
8.5+1.96 x 2.4 =[3.80, 13.2] hours.
We may expect a half life of >13.2 hours in ~one subject
(0.05/2 x 36 = 0.90).
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Half lives
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Washout in MD Studies

eEMA GL on BE (2010)

The treatment periods should be separated by a wash out
period sufficient to ensure that drug concentrations are
below the lower limit of bioanalytical quantification in all
subjects at the beginning of the second period. Normally at
least 5 elimination half-lives are necessary to achieve this.
In steady-state studies, the wash out period of the previous
treatment last dose can overlap with the build-up of the
second treatment, provided the build-up period is
sufficiently long (at least 5 times the terminal half-life).

m Justified by PK Superposition Priniple 2001 NfG:
} . S 3 half-lives
m ‘Switch-over Design
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Washout in MD Studies

washout vs. switch-over
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Thank You!
Part I: N oncompartmental

Analysis (NCA) in Pharmaco -

kinetics, PK -based Design
Open Questions?

Helmut Schitz
BEBAC

Consultancy Services for
Bioequivalence and Bioavailability Studies
1070 Vienna, Austria
helmut.schuetz@bebac.at
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