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Linking the lab to the patient
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,Dissolution Plus PBPK*“ Approach UNIVERSITAT
in vitro in silico in vivo

QC tests Deconvolution

-entration [ng/mL]

Plasma conc

' Biorelevant Biorelevant

| testsin B tests in fed PEF’I.K IVIVC |

1 fasted state state moaeling e % % B 3 b
H- T — Time [h]

Picture of

dog

Picture of girl i

at computer

=y

The aimis to
—> reduce the number of PK studies and
—> accelerate formulation development
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QC or Biorelevant dissolution tests? RIS

For some formulations, there is little dependency on GI
physiology................

e.g. Imnmediate release dosage forms containing highly soluble drugs
e.g. simple osmotic pumps.

soeg®
[Osmotically active core ] ° :. ©® ..‘—
. [ Drug delivery orifice ]
: NS [Semipermeable membrane]

[ Gastrointestinal Fluids ]

For such formulations, media such as water, dilute HCI or phosphate buffer should
be sufficient and a simple apparatus (Paddle or Basket) can be used
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QC or Biorelevant Dissolution Tests? ONIVERSITAT
.......... while for other formulations, release may be highly dependent on Gl
physiology

e.g. Inmediate release dosage forms containing poorly soluble drugs
e.g. enteric coated pellets
e.g. matrix tablets for modified release

A Adalat® XL B Adalat® Eins
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osmotic pump matrix tablet

For such formulations, aspects of Gl physiology that are key to release
should be accounted for and an apparatus that facilitates media
change should be used
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The Dissolution Media Pyramid FOAN O M

A Biorelevance & complexity Applications

+  proteins, enzymes, - few dosage forms

viscosity effects, (e.g. lipids)
+ osmolality, bile components,
lipids, lipid digestion products
Level 1l most dosage

[ forms and APIs

+  buffer capacity

Level | _

+ pH - few dosage forms,
Quality control

Level O

Markopoulos, Andreas et al. In-vitro simulation of luminal conditions for evaluation of
performance of oral drug products: Choosing the appropriate test media
Eur. J. Pharm. Biopharm. 93: 173-182 (2015)
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Linking the Lab to the Patient with
Dissolution + PBPK

some case examples
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Case example 1: Relationship between
dissolution and PK of Danazol (a poorly
soluble but highly permeable drug)
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Case example: danazol NV ER
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OH
$7s] _c=cH
CHj
I\l\
O
Aqueous solubility: 1ug/ml D:S 200 liters H,O
Dose: 200 mg 20 liters FaSSIF
pKa: neutral 6 liters FeSSIF

log P: 4.53



Danatrol dissolution profiles in —
various media at 100rpm  seseaon

DANATROL® DISSOLUTION PROFILES
IN VARIOUS MEDIA AT 100 RPM

-o— water
=&~ Sif,
=O—- FaSSIF
—o— FeSSIF

% release

0 20 40 60 80
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Danazol’‘s food effect reflects its
dissolution characteristics
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Plasma profiles of danazol after administration in the
fasted (@) and fed (O) state (from Charman et al.)
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Linking the Lab to the Patient
with Dissolution + PBPK
case example 2
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Case example 2: predicting the in vivo behaviour ;opry: §3
of poorly soluble bases DAY G o ALy

Poorly soluble bases may dissolve well in the stomach but then
precipitate in the small intestine, leading to poor bioavailability.

B OH
e.g. Nelfinavir mesylate ©/ : H
Y. Shono et al. EJPB 79: 349-356 (2011) @
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Case example 2: Nelfinavir mesylate UNIVERSITAT

BCS Class 2 (low solubility and high permeability)
PK, : 6 and 11 (highly pH dependent solubility)

Cs : 2.16mg/mL in SGF, (pH1.2)

: 0.003 mg/mL in SIF, (pH 6.8)
LogP :40
Paop : 3.4x10° cm/sec (Caco-2)

Mean plasma plofiles of nelfinavir 1250mg
(250mg tablet x 5)

5000
4.9-fold increase in AUC
4000 | —8— Fasted/in vivo
3 —®— Fed/invivo 4.4-fold increase in C,,,
€ 3000 }
NG
eTi]
e
S 2000 f
o
(@)
1000 |
Recommended to be

0 6 12 18 o taken with food
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Dissolved %

Dissolution of nelfinavir mesylate 250mg T

GOETHE
tablets in 250mL of biorelevant media UNIVERSITAT
Gastric media Small intestinal media
100 50
80
1S3
60 r 3
2
2
40 | A
20
0
0 30 60 90
Time (min) Time (min)
—® :SGFsp —@— :FaSSGF —@—:FeSSGF —o— : FaSSIF-V2 —e—: FeSSIF-V2 —e—: SIFsp
—O— : FaSSIF-old —O0— : FeSSIF-old
Dissolution profiles of nelfinavir mesylate in Dissolution profiles of nelfinavir mesylate in
gastric biorelevant media intestinal biorelevant media
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For nelfinavir mesylate, the solubility gap in the ORI
fasted state suggests precipitation could occur DNk U M

23.08.2017

Drug precipitation is likely to occur in the fasted state
due to the solubility gap between the stomach and the

small intestine.

From the dissolution results alone, it is difficult to weigh
the contributions from events in the stomach to the
bioavailability.

PBPK modeling was invoked to predict food effects for
nelfinavir mesylate, using crystal growth theory to
describe the precipitation

Shono et al. Eur. J. Pharm. Biopharm. 79: 349-356 (2011)
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Alternative: Transfer Model approach RS A

In the lab, the Transfer Model can be used to detect precipitation of
weak bases upon entry into the small intestine

Sieve
Donor phase (Stomach)

Acceptor phase (Intestine)

23.08.2017 16



Contribution of Dissolution in the Stomach and Effects of
Precipitation on the Absorption of Nelfinavir Mesylate

A in vivo (Fasted) 4500 A in vivo (Fasted)

4500 ¢ A in vivo (Fed) 4000 - Fasted simulation (No precipitation)
»é ——No dissolution in the stomach o === keg (x0.2)
204000 i —No precipitation %n 3500 ¢ keg (best fit)
~3500 ——FeSSGF/FeSSIF £ 3000 - === keg (x2)
g = Fasted simulation (Quick precipitation)
= o
3000 = 2500 -
= =
52500 g 2000 -
S =
52000 S 1500
=
21500 % 1000
- ~

1000 500

500

Time (h)

Results with the model indicated that invoking drug precipitation in the small intestine is
necessary to describe the in vivo performance of nelfinavir mesylate in the fasted state.

In the fed state, the dissolution is higher under intestinal than under gastric conditions: no
precipitation is expected.
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Linking the Lab to the Patient with
Dissolution + PBPK

case example 3
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Nifedipine— API and formulations

API

* indication: hypertension
« BCSclass

« pKa = neutral

« logP =22

* light-sensitive
« Halflife: 2-4h

Formulations
« Adalat XL (extended release)
« Adalat Eins (extended release)

23.08.2017
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Picture of Adalat
XL

Picture of Adalat
Eins

Andreas et al., 2016
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Nifedipine— research question UNIVERSITAT
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ig Can the dosage-form dependent food effect be predicted
® using in vitro tests?
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Nifedipine — Adalat XL ONIVERSITAT

Release characteristics: .a .
 osmotic pump
* approx. 2 hour lag time

.o ° zero-order release rate

o

D
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=

<

c

= [nvivo data :

é « Cmax Fed-to-Fasted ratio: 1.21

r AUC Fed-to-Fasted ratio: 1.03 o~ Fatsine

80

Plasma concentration [ng/mL]
3

ap-19e)

Andreas et al., 2016 5 i % 0 40 50 60
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Nifedipine — Adalat Eins UNIVERSITAT
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Release characteristics:
« coat core formulation
« slowly eroding coat, fast disintegrating core
o * holagtime
@)
y°)
=
=
%
: Il
= Invivo data :
S ¢ Cmax Fed-to-Fasted ratio: 2.24 L
;s ¢ AUC Fed-to-Fasted ratio: 1.20 2 o
;l g 80
Q) £ w
)
Q = 20 A
m 0 T T ¥ T o )
Andreas et al., 2016 ' ’ B Ti,:z[h] ® v ”
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Nifedipine — Biorelevant dissolution results UNIVERSITAT
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Drug dissolved [%]

100 ~
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(2]
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L

—@— Adalat XL fasted Level Il
—O— Adalat XL fed Level Il
—w— Adalat XL fasted Level |
—4A— Adalat XL fed Level |

Time [h]

Drug Dissolved [%]

Adalat XL
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. no indication of food effect
with either Level 1 or 2 media
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—@— Adalat Eins fasted Level Il
—O— Adalat Eins fed Level Il
—w— Adalat Eins fasted Level |
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T T T T T 1
2 4 6 8 10 12
Time [h]

Adalat Eins

* no indication of food effect
using Level 1 media

»  bile salt/lipid containing media
(Level 2) were necessary to
predict the food effect

Andreas et al., 2016




Nifedipine — Biorelevant vs. compendial

dissolution results
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biorelevant

100 ~

—@— Adalat XL fasted Level Il

—O— Adalat XL fedLevel Il [8 DPM]
—w— Adalat XL fedLevel Il [12 DPM]
—A— Adalat XL fedLevel Il [16 DPM]
—&— Adalat XL fedLevel Il [20 DPM]

80 -
60 -

40 A

0' T T T L4 1

Drug dissolved [%]

Time [h]

0 2 4 6 8 10 12

14

Dissolved drug [%]

100 A

80

60

40 -

20 A

—@— Adalat XL QC

compendial

10 15 20 25
Time [h]

Adalat XL (osmotic pump)

dissolution methods

no impact of hydrodynamics on dissolution rate
significantly higher dissolution rate in compendial media

different dissolution rates in biorelevant vs. compendial (1% SDS)

Andreas et al., 2016
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Nifedipine — Solubility profile DNk U M

Fed state

100 1 —e— Adalat Eins fasted Level Il
—O— Adalat Eins fed Level I

—w— Adalat Eins fasted Level | 340 +
—&— Adalat Eins fed Level |

stomach small intestine colon 5

80 A

60

40 A

20 A

6 !
EXIN
Time [h] A

«  pH-independent solubility profile
»  bile-salt/lipid mediated solubility enhancement
* excessive solubilization in compendial media

*  biorelevant media show much closer solubility values to intestinal aspirates
(HIF)
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Nifedipine — Adalat XL - IVIVC ONIVERSITAT
0.5 — p —a— compendial 1297
_ —&— biorelevant —e— Fasted State
4 —— unity line __ 100 ~ —O— Fed State

0.4 — T\El
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3

= * IVIVC indicated that dissolution rates were more physiological

8 using the biorelevant setup

~+ - compendial setup: release rate = dissolution rate

% - biorelevant setup: release rate # dissolution rate

Andreas et al., 2016
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Nifedipine - summary ONIVERSITAT

Food effects

« most likely caused by better solubilization of the API in the fed state
« Adalat XL (osmotic pump):
- Effect is limited due to the 2 hour lag time and slow release from the

Q osmotic pump combined with slow dissolution rate of the suspension
© ° Adalat Eins (matrix-type):
f_DI_ - Positive food effect due to solubility enhancement of the APl in the
= fed state
%
o
= Accuracy of generated in vitro data
¢<D *  biorelevant dissolution method:
P - successful identification of dosage-form dependent food effect

-  complex composition (Level 2) media necessary
= in vitro input resulted in more physiological IVIVC
« compendial dissolution method:
- 1% SDS overestimated the dissolution rate
- indication of food effects not possible with QC media

apjge}



Decision tree for most appropriate media
selection for predictive tests (MR Dosage Forms)
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consider
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single
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Biorelevant dissolution media UNIVERSITAT

Using ,,instant” powders to make the biorelevant media:

,»otudy of a Standardized Taurocholate—Lecithin Powder
for Preparing the Biorelevant Media FeSSIF and FaSSIF*

Dissolution Technologies

; 1 3. ;
QesPRE ToN
puFfeR °:f§m'”
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source: www.biorelevant.com
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What are the benefits of combining Biorelevant
dissolution with PBPK? UNIVERSITAT
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« Better understanding of exactly which factors really
affect the PK profile

 Fewer (no?) animal experiments in the pharmaceutical
development phase of R&D of new drugs

» Easily able to predict PK profile in patients with non-
standard Gl physiology (pediatric, geriatric, PPl users
etc.) => reduce the number of clinical studies necessary

* Predict food effects on the PK profile => recommend
dosing

* Predict whether a SUPAC change will be BE with the
predecessor formulation (predict outcome of bridging
studies)

23.08.2017 Dressman 30



Let's all work together to provide optimal  corrx i3
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therapy for the patient! o

Picture of elephants kissing
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Thank you for your attention!
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