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EARLY EXAMPLES AND PROPOSED APPROACHES
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Table 1. Relationship Between Food Effect on the Extent of Absorption (AUC) and BCS Classification of Compounds

Food Effect/BCS Class 1 Class 2 Class 3 Class 4 Total
Negative 9(30%) 0(0%) 14 (61%) 1(9%) 24
No effect 20(67%) 8 (29%) T (30%) 2(18%) 37
Positive 1(3%) 20 (71%) 2(9%) 8(73%) 31
Total 30 28 23 11 92

The number of compounds in each BCS class for a specific food effect category is listed and the percentage is provided in the parentheses.

* 67% of Class | drugs had no food effect.
 71% of Class Il drugs had a positive effect.
* 61% of Class lll drugs had a negative effect.

* 73% of Class IV drugs had a positive effect.

* Based on maximum absorbable dose (MAD), dose number, and logD(7.4)
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Table Il. input data used for clinical food effect simulations

Predicting Pharmacokinetic Food
Effects Using Biorelevant Solubility

Media and Physiologically
Based Modelling

Hannah M. Jones,! Neil Parrott,' Gerd Ollenbusch® and Thierry Laod!

1 Drug Metabolism and Pharmacokinetics, F. Hoffmann-La Roche Lid, Basel, Switzerland
2 Pharmaceutical and Analytical R&D, F. Hoffmann-La Roche Ltd, Basel, Switzerland

)

Parameter CPD1 CPD2 CPD3 CPD4

MW (g/mol) 566 579 632 293

Measured logD at pH 7.4 6.5 6.5 6.6 2.5

LogP 6.5 6.5 6.6 27

Measured pKa 4.1 base 6.5, 2 base 4.2 base 5.7 base

SGF(FA) solubility at pH 1.7 (mg/mL) NA NA NA 0.0895

SGF(FE) solubility at pH 5 (mg/mL) NA NA NA 0.0137

FaSSIF solubility at pH 6.5 (mg/mL) 0.0062 1.03 0.0013 0.0085

FeSSIF solubility at pH 6.5 (mg/mL) 0.0375°, 0.047 135 0.011 0.053%°

FeSSIF{HF) solubility at pH 6.5 (mg/mL) 0.182 1.549 0.051 NA

SCF | solubility at pH 5.2 (mg/mL) <0.00005¢ 0.158 <0.000054 0.0112

SCF 1l solubility at pH 7.0 (mg/mL) <0.00005¢ <0.00005¢ <0.00005¢ 0.005

Particle radius (um) 415 277 12 129

Formulation Capsule Capsule Capsule Tablet

Effective human permeability (10~4 cm/s) 1.7 0.22 0.35 432

Disposition data 3-comp. fit¢ 2-comp. fit? 3-comp. fit" 2-comp. fits

Human clearance {L/h} 154 20.1 530 462

First-pass extraction in fasted state (%) 26 32 10 9

First-pass extraction in fed state (%) 20 24 7.5 7 22 10 m g d ose

Human fi* 0.00095 0.0033 0.0007 0.075 0.021

Human B : P ratio' 0.65 0.69 06 0.55 075 0.0001 -} . . . . ,

Diffusion coefficient (cm2/s)™ 0.55 0.54 0.52 0.66 053 '

Particle density (g/mL)" 1.2 12 12 1.2 1.2 12
30 30 30 30 30

Diffusion layer thickness (pm)"

[0 Fasted state (observed)

B Fed state (observed)

O  High-fat state (observed)
- - - - Fasted state (predicted)
@ —— Fed state (predicted)
‘o, ------- High-fat state (predicted)

.....

\
opirg © -
- Bt R O o o o

.
-

[EDmDoe T e

Jones H, Clin. Pharmacokinet. 45(12):1213 (2006)

50 mg dose.

1.5- to 2.4-fold increase in AUC under fed conditions due to increased
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Utility of Physiologically Based Absorption Modeling in Implementing Quality
by Design in Drug Development

Xinyuan Zh-&mg,1 Robert A. Liﬂrrll:m:rge-r,1‘2 Barbara M. DE“’“,I and Lawrence X. Yu'

Table III. Comparison of Predicted vs. Observed Mean Plasma PK Parameters g 2600
=]
Suspension IR tablet XR tablet XR capsule - =
% = 2000
Parameters Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. : £
B
Dose (mg) 200 400 400 300 o 0
-]
Conax (ng/mL) Fasted 3066.7 2914.6 3610.1 3713.7 3005.2 3105.2 2066.1 2120.8 ~ 0
Fed 2580.0 2506.9 5920.0 5501.2 3329.9 3786.6 2661.9 2798.5 )
AUC, (pgxh/mL) Fasted 166.6 163.3 279.8 301.6 270.4 263.7 1943 190.2 Time (hr)
Fed 165.2 1529 4013 348.6 286.1 288.6 21.1 2222 b
AUC,¢ (pg*h/mL) Fasted 179.8 177.3 298.6 330.0 285.8 2722 2264 203.8 = 3000
Fed 180.7 166.2 444.9 379.3 304.7 2975 246.7 237.0 £
Trax (hr) Fasted 1 1.45 24 16 24 289 26 20.98 - S—
Fed 4 3.66 12 4.8 24 16.4 15 17.8 $E ©PartRad =lum
POTx (hr) Fasted [0.6.8.5] [0.8,10] [3.7.41] [2.9.40] [10.42] [13.44] [8254] [8.9.48] £z s *PartRad =10.28um
Fed [1.1.16] [1.4.16] [3.5.28] 23.19] [8.1.42] [10.34] [73.44] [8.8.39] S FPartRad =48.62um
F, (%) Fasted N.A. 99.9 N.A. 93.0 N.A. 71.6 NA. 76.6 = BPartRad =105.7um
Fed N.A. 99.9 N.A. 998 N.A. 782 N.A. 89.0 ~ L2 3 % s & 1 15
Correlation ) Fasted 0.956 0.975 0.974 0.977 Time (br)
coefficient (R%) Fed 0.940 0.876 0.954 0.991

Fig. 7. PK profiles sensitivity to the mean particle radius is different
under fasted and fed state. a IR suspension, fasted state: b IR
suspension, fed state. Legend in (b) is also applied to (a)

POTx peak occupancy time, time span over which the concentration is within 20% of Cpax: Fi fraction absorbed; N.A. not available

7 Zhangetal. AAPS J. 13(1) (2011) PBPK Symposium 2018 — April 4%, 2018 SimulationsPlus
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Construct the PK model: (1). If human PK data arc available,
deconvolule PK data from 1.v. adminisiration (ideally) and / or p.o.

Collect drug information: formulation information,
physicochemical properties, gut and liver extraction
ratio, and etc.

i . administration of the fastest dissolving formulation to obtain
BUIId/ validate disposition model; (2). If no human data, predicted from in vitro or

models under animal data.

fasted ] \ /

conditions Fix the parameters with high confidence in the ACAT model and optimize the parameters

with high uncertainty to fit PK data obtained trom another formulation.

Predict = l

. WValidate the model with different PK data set(s): different dosing regimens,
d bSOI’ptlon/ PK different formulations, and different food conditions, ete.
exposure :
Na Does the model predict the trend? Do we have enough
under fed I_ confidence about the model? Yes
conditions v
Model exploration: (1) perform PSA to identify the key parameters in the formulation under different conditions to guide the
next formulation design to achieve the target PK profile: (2) deconvolution of PK data to obtain in vive dissolution profile and
to identify biorelevant dissolution conditions by comparing with ir virre dissolution profiles; (3) simulate different dosing
regimens; (4) conduct virtual BE study; (5) connect the PK model with a PD model; ete.
Fig. 1. The flow diagram shows a general process of using a physiologically based absorption model in ObD-based drug development
8 Zhang et al. AAPS J. 13(1) (2011) PBPK Symposium 2018 — April 4t, 2018
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FASTED VS. FED STATE MODEL DESCRIPTIONS —
WHERE ARE WE TODAY?
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E GastroPlus(TM): AZDO865-VL.mdb (C:\Doc..\Viera1\Des..\GPv..\GP8.0\GP8..\...\)
File Edit Database Simulation Setup Controlled Release Tools Modules (Optional) Help

Compound T Gut Physiclogy-Hum I Fharmacokinetics T Simulation T Graph
~Compartmental Parameters
I Hum P 1 mok soin Fraset All Valuss | [ Excrete all un-absorbed drug at the end of gut transit time
: ' [ Zem-order gastric emptying
Compartment Data Enzyme and Transporter Regional Distributions
Transit | Volums] Length | Radi Bj It| Pore R | Poros/L | Comp. | 3A4 | 3a4
EE ) e ) PH | ime th)| (mi) Nom) | fem) | S5F /N | () | (om™1) | Type | Ewpr | Tum
i] D.D\ 4,90 1.00 10000 juij 10,00 1.000 / oo \ 2200 2580 Stomach 0.0 5.0E-4
Duodenum i] 2 B30NG. 40 026 48, 15.00 1.60 4235 J|14.44 1041 4364 Intestinal | 2.09E-3 |5.0E-4
Jejunum 1 i] 2EB16  |Bd0 i 1783 g2.00 1.60 35845 1202 640 33,90 Intestinal | 3.26E-3 |5.0E-4
Jejunum 2 i] 2615 |BOD 07e 1344 g2.00 1.34 3.485) |10.46 400 26.09 Intestinal | 3.26E-3 |5.0E-4
lleum 1 0 2534 |EED 059 1085 g2.00 1.18 3029y |7.280 60 16.46 Intestinal  |1.03E-3 |5.0E-4
lleum 2 0 2574 |E90 0.43 7948 g2.00 1.0 25869) |5.990 920 9540 Intestinal  |1.03E-3 |5.0E-4
lleum 3 0 2813|740 0.3 BE.29 g2.00 0.85 2109 % |0.730 4 680 4 896 Intestinal  |1.03E-3 |5.0E-4
Caecum 0 1416  |E40 450 5292 13.758 360 1.790 \|C0.0 3920 2915 Calan 31E-4  |B0E-4
Asc Colon 0 3044 |E8O 13.50 hE.98 29.02 280 2.480 0 / 3600 3220 Calan 31E-4  |B0E-4
Main changes between Fasted and Fed state (default = moderate-fat meal): |ewm: 7 %
. Colon: |1D
- Higher stomach volume
- Changes in pH (stomach and upper Sl)
. . 7
- Longer gastric emptying 5
- Higher bile salt concentrations 9
. A
- Increased liver blood flows
11 PBPK Symposium 2018 — April 4th, 2018 SimulationsPlus
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E GastroPlus{TM): AZD0865-YL.mdb (C:\Doc..\Viera1\Des. \GPv. \GP8.0AGP8..\...\)
File Edit Database Simulation Setup Controlled Release Tools Modules (Optional) Help

LCarmpaumnd T Gut Phyziology-Hum

~Compartmental Farameters

I Pharracakinetics T Simulation T Graph

| Hurn PO 1 ripk. zaln.

[ Excrete all un-absorbed drug at the end of gut transzit ime
[~ Zero-order gastric emptying

Reszet &l alues |

Compartment Data Enzyme and Tranzporter Regional Distributions
Tranzit |Yolume | Length | Hadius Bile Salt| PFore H | Poros/L | Comp. 3A4 A4
Compartment | Peff | ASF | pH Ao "mi) | (em) | em) | OFF | A | &) | (em™1) | Type | Expr | Tum
u oo 430( |10 10000 (3000 [1000 [1.000 /00 \ [2200 |2580 Stomach | 0.0 ROE-4
Duodenum |0 2630|540 L5~ 4875 (1500 [1.60  [4.235 [[14.44 \[10.41 |45E4 Intestinal | 20963 |G.0E-4
s e e iSEGemiaog (150 (3043 [ (1202 | 9640 (3890 Irtestinal | 3.26E-3 |5.0E-4
- : : 734 [3483] (1045  [8d400 2609 Irtestinal | 3.26E-3 |5.0E-4
GaStI'IC emptylng IS expected resna
118 [3029| (7280 |70 (1646 Intestinal |1.03E-3 |5.0E-4
to vary between h|gh_fat’ 107 |2669| (5990 [|5920 (9540 [Intestinal |1.03E3 |5.06-4
h . h I . d I' h I 0.85 2109 0.730 4. 580 4 o5F |ntectingl A1 03F-3 (5 0F -4
Igh-caloric, and light meals 380 (170 \j00 |3 o N
’ -
A S N U The fat in high-fat meal may aid in

dissolution of highly lipophilic compounds

T
C1-C4: 006344 |0.43028 {02147 |0.48632 Qh [L/min): | 1.4
Physiology: [FEam - LI Percent Fluid in 51: |4E| Colon: |1D
ASF Model: [Opt logD) Model S4/V 6.1 |
All properties are predictions from ADMET Predictor 6.0 -~
Changed pk.a from AP value of 5.7 to B.1 from Carlert-PharmB es-201 0-27-2119-Predicting |ntestinal Precipitation W |
Changed log P from AP wvalue of 2.44 to 4.2 from Carlert-PharmBes-20010-27-2113-Predicting Intestinal Precipitation -
Changed aqueous salubility fram AP value af 19 ug/ml ta 1.9 ugdml at pH 8. fram fram Carlert-PharmB es-2010-27-2115-Predicting | ntestinal Precipitation.
L
pk.a Table | logD: Stuct-6.1 Dizz Model *Wang-Flan  PartSize-5ol O | BileSal-Sol: OK | Ditf: OM H Conztfad OFF | Precip: Time Ppara: Zhim ‘ EHC: OFF | 4
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POSITIVE FOOD EFFECT PREDICTIONS —
INPUT REVIEW
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AAPS Pl S Tech (10 2004)
DOL 10 206 224901400751

Research Article e Lipophilic (log P > 4) and moderate base (pKa 3.2 and 6.2)
3Z?:“.;:'.:i:;:.::'.,'f":.-‘;‘;'".:'“'-"é‘::'.!!;‘-.lﬁ;i”t‘l? Ferabiity Weak Baie, Methnaitl e Low (0.001 mg/mL), pH dependent aqueous solubility
S e Moderate intestinal permeability (1.48 x 104 cm/s)
by e e Estimated bioavailability of compound is ~30%

Reveved 2 Ocaobet 2005, accepeed 23 Dhecesnher 2013 shang of al.

Tuble I1. Physicochemical Parameters, Default Physiological Values, a soo e
and Pharmacokinetic Parameter Used in the Simulation at Various — P e ,soc'é'r":;“';::;‘;”
Doses = - Obs. 200 mg fed
2 800 —_——— Sim 200 mg fed
Parameters Value(s) - f
Compound parameters g
M g/mol =475
cLogP: =4 . . §
o .y 2 sl
pK, (base): 32, 62 Are the different (fitted)
Dosage: IR capsule

Sn'»luhilily (mg/mL‘ ) l.t:).((l)::—: (I':.'_;).(‘:J;‘H 2).. pl"ECipitatiOn and gaStriC
. , SOHLNA A . _
e ———— emptying times under fasted &

Mean precipitation time () :

=4 ] < : v C s)
Particle radius of APIL (pm): 19 .. . 1200

Physiological parameters - Obw 400 Tdd
Stomach plHl 1.2 (Fasted): 1.2-49 (Fed) fEd Cond Itlons maSkI ng — sm: 400 r’l‘!‘glc:‘!
Duodenum/jejunum pH 6.0-6.4 (Fasted): 54-6.0 (Fed)

e I 6.6-7.4 (Fasted): 6.6-7.4 (Fed i i ?
cum p 3 (Fasted); 6.6-7.4 (Fed) something else in the model-:
Stomach transit time (h) 2.0 (Fasted); 5.4 (Fed) I

1000 - ) Obe. 400 myg fasted
}ﬁ — S 400 My fasted
R
¥ g

STL LTIy D

Plasma concentration (ng'ml) ©

Cecum transit time (h) 4.2
Ascending colon transit time (h) 12.6
Pharmacokinetics
First pass extraction (%): 9.0
Blood/plasma ratio: 0.68 0
lflusnm unbound (% ): 1.6 0 = 7°71"2'7"*_7—7_7é'4_7 7"72—3"67' 4_‘5
Clearance (L/Wkg) 0.070 T
V, (L/kg) 0.4 Ime (h)
Kk (1/0) 0.64 Fig. 1. Mcan clinically observed (solid clrcles with standard error) and
kay (1/h) 0.17 model-simulated plasma concentration versus time profiles of opd X
V, (L/kg) 1.5 after asingle oral dose of 2 200 mg or b 400 mg epd X under fasted and
fed condition

15 Zhang et al. AAPS PharmSciTech 2014 January 17 PBPK Symposium 2018 — April 4, 2018 ~— —séé&ée—-s&ﬁ/:ﬁégﬂgss
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Frofriptyline
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ysosom Plasma .. 469 1100 27
R-NHz+ )
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pka>6 _>~ x> 7 g 3.81 8.52 15

Nortriptyline 4.46 9.65 7.8

H Henderson-Hasselbalch equilibrium

— Rapid passive diffusion

Fig. 1. The basis of pH partitioning of lipophilic amines into lysosomes. The
diagram illustrates the mechanism by which lipophilic amines (i.e., CADs)

accumulate in lysosomes. From plasma (pH 7.4) and cytosol (~7.2), a lipophilic C\EL /CP(F
[ =
= o s
i

Fluoxetine

4.39 9.82 7

amine (logP > 1, pK, = 6.5) will readily diffuse across membranes in its unionized
form (RNH,) while maintaining Henderson-Hasselbach equilibrium with its ionized
form (RNH;*, which cannot readily diffuse across membranes). After diffusion into

the acidic environment of the lysosome (pH 4-5), the equilibrium between charged Chloroquine

and uncharged species shifts in favor of the ionized form of the lipophilic amine, ~ g 5. 11 9.86 6
limiting diffusion of the drug back into the cytosol and, in effect, trapping the drug w“\/\/l\ull\@

in lysosomes. For highly permeable lipophilic amines, the concentration of - .

unionized drug (RNH,) at equilibrium is assumed to be the same in all three
compartments (lysosomes, cytosol, and plasma). The figure is not to scale; lyso-
somes make up about 1% of the hepatocyte volume.

16 KazmiF., Drug Metab. Disp. 41(3):897 (2013) PBPK Symposium 2018 — April 4, 2018 SimulationsPlus
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Concentration (ng/mL)
- 88EEHEEEREEEES

]

I Default precipitation

e &

0 10 20 30 40
Simulation Time (h)
a0of \ 1 — —
sl [T 1T I Optimized precipitation
Se]| |
sm
§
= 2004
.
8
c 100+
(<
o

S

Hum 200 mg IR Cap - Fasted

Simulation Time (h)

¥ Amount Dissoled-Hum 200 mg IR Cap - Fasted
Ird Ameount Portal Vein-Hum 200 mg IR Cap - Fasted
Ird Amount Abzorbed-Hum 200 mg IR Cap - Fastec
[w Tot Entered SC Hum 200 mg IR Cap - Fasted
130- .
— Dissolved
120-
1104 Absorbed Enterocyte
100- = Portal Vein
o5 % Systemic Circulation
£ 80
2 70
@ 60
= 50
40
au o . . ’
204 |° Precipitation can’t account for delayed onset alone
10 * Hence, need to optimize gastric emptying time
Gl"'l" L L L L L L L
0 5 10 15 20 25 30 35 40 45
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Baseline fasted state model

w/optimized precipitation

Tmax (hrs)

PSA Hum 200 mg IR Cap - Fasted

| —a— FuEnt-Hum 200 mg IR Cap - Fasted |

114

104

0

34

24

14

Fu, Enterocyte ~3.6% necessary
to predict observed Tmax

1.0e-2

Fraction Unbound in Enterocytes of Hum 200 mg IR Cap - Fasted ()

1.9¢-2 37e-2  72e-2 041 044 019 027 037 052 072 1.
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¥ MembranePlus(TM]: C\Users\Public\Simulations Plus, Inc\GastroPlus9.5\Werkshops - San Diego - Feb 2017\Ex...

File Edit Database SimulationSetup Tools Modules Help

Compound X

I~ Compound X-Conc Apical Total I3 Compound X-Conc Basolateral Total

I~ Compound X-Conc Cells I3 Compound X-Conc Lysosome

I~ Compound X-Conc Cytoplasm

101.f

Lysosome

3
S— D .
c " Apical
:E
£ Cytoplasm
Q
s Basolateral

1074

1 2

Simulation Time (h)

" Batch Simulation

B->A Papp [cm/s]: ) Km [Basol) [pM]:

~Single Simulation Input

Compound T Experimental Setup T Simulation! T Graph
Compound X
Simulation Mode ~Observed Yalues
& Single Simulation = PSA A->B Papp [cm/s]: D— Km [Apical] [pM]: D—

5t Start — —
o | | Mem. Ret [Z] 0. TEER [ohms]: 0.

—Single Simulation Output

Simulation Time Elapsed [hrs]: I ® Papp [cm/s]: I 3.018E-5 Loss to Plastic [¥]: LB

Heceiver zide conc [pM]: Im Perm-Para [cm/s]: ID— Loss to Evaporation [Z]: M2

Membrane conc [pM]: IW Perm-Trans [cm/fz] Im Loss Non-5pecific [%] N/

Donor side conc [pM]: I 0.47332 Perr%ulzttt?;zn;g::;\sei: I 5.833E-5 Sample #:
100,

Drug In/Efllux [umnl]:l N Total Donor Sampled [mL]:
A,

Fu cell [¥] I 3.4743 MetSholized Drug [umul]:l N/ Total Receiver Sampled [mL]:

:

111

Percent 0 Mannitol Papp o
Simulation Length [hus]: I 2 Recovered [X]: [em{s]:
2

Mechanistic simulated Fu,
Enterocyte = 3.47% matches close
to the value determined from the
GastroPlus™ PSA predictions

MHotes -
FPpara: OFF BSa: OFF Lozs: OFF Sampling: OFF y
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Hum 200 mg IR Cap - Fasted

I

Ird Cp-Hum 200 mg IR Cap - Fasted
¥ O Cp-Hum 200 mg IR Cap - Fasted Obs
[¥ —_1__ Cp-Hum 200 mg IR Cap - Fasted Err
]
4004 .. e .
Optimized precipitation &
= 3901 simulated Fu, Enterocyte
E A1
5, 300 fu\
< 250 7oy
c
2 200
E -
= 1
£ 1504 |
2 100
o
O 5.
i
04!
o 10 20 30 40

Simulation Time (h)

Hum 200 mg IR Cap - Fasted

2 Amount Dissohred-Hum 200 mg IR Cap - Fasted
v Amount Portal Vein-Hum 200 mg IR Cap - Fasted
v Amount Abzorbed-Hum 200 mg IR Cap - Fasted
Ird Tot Entered SC Hum 200 mg IR Cap - Fasted

1204
1104
1004

Mass (mg)

— Dissolved

{ Absorbed Enterocyte
= Portal Vein
Systemic Circulation

5 10 15 20 25 30 35 40 45
Simulation Time (h)

The lag between absorption into enterocyte and basolateral clearance into portal
vein captures the extended Tmax

No changes to default Gl physiology required

PBPK Symposium 2018 — April 4t, 2018
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mg dose mg dose

Hum 200 mg IR Cap - Fasted Hum 200 mg IR Cap - Fed Hum 400 mg IR Cap - Fasted Hum 400 mg IR Cap - Fed
R R b e e e S
3 T éﬁ g 2w
= i = i
£ 1= 2 ¥
3 3 e § m
0.6 10 20 30 40 016 10 20 30 40 0‘6 10 20 30 40 .m‘é 10 20 30 40
Simulation Time (h) Simulation Time (h) Simulation Time (h) Simulation Time (h)
* Optimized precipitation from low dose/fasted state PK data
+ simulated MembranePlus™ Fu, Enterocyte input
* Default ACAT™ fasted/fed physiology parameters
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Is there an optimal combination of formulation parameters that allow us to
reach our target endpoint (e.g., Fa%, Cmax, AUC)?

 Can we “design out” the food effect?

-_— . & e s

| Compound: [Hum 200 ng I Cap - Fasted

=

A

%= Parameter Sensitivity Analysfsgét;[;

SCAT Compound

Marvdactiae
Hum 200 g |
"0 - Fahed

1™ Paticle Shage
T~ Pat Radss SO
¥ Pk fladus
™ PucpRade
[ Paticls Derviy
™ Oial Resdercel
™ OralLag Time
- .

Spacing of Param Values

Dose of Hum 200 mg IR Cap - Fast
Mean Drug Particle Radius of Hum

Select
Parameters

v Run 3D PSA
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38888°

Fraction absorbed (%]

Eraction absorbed (%)

Fasted

L]
38888°

Parameter sensitivity analysis was run across dose and particle size together

API particle size reduction may be useful to mitigate the food effect

— But, only if nanoparticle formulations are options
Zhang et al. AAPS PharmSciTech 2014 January 17
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PBPK Population Simulation
Approach:

1.

Run ‘x” subject
population simulation
applying systemic PK
variability only

Load subjects from trial
#1 and apply variability
to fasted state ACAT™
model

Load subjects from trial
#1 and apply variability
to fed state ACAT™
model

Calculate virtual BE

24

Population Simulation: Hum 200 mg IR Cap Fasted

=¥ W ——ean Cp [~ = (%] T Probiabat G Protutvily 25 %
E Probabibty 10% W P —Mean Cp v r r i' Lahr r
I~ Probabisty 5% T Probabdity 10 %

(C:\users\lohn\Des.
(C:\Users'John'Des.

101.26-->113, %4 93 242

0% CI
101.27-->113.73 93, 226-

TEST(T): Mum 200 IR Cap - =gs.;ed ZSSobj‘e;:ts
REF(R): CurrentvT-wum 200 nq IR ca@ #ed stb)ectg

Result Coax ALC
24 MeanT 1,549 40,86
Neanf 1.439 41.02
GeonmeanT 1,524 40.12
GeoaMear® 1.420 40.27

""""""""""""""""" CI_(MearT-wearm)
->106. 95,073

(GeomMeanT,/GeosMeanik)
->106.5 95, 05 >105. 65

Plasma Concentration (ug/mL)

200 mg IR capsules:
d(50) PSD =10 nm
Yellow = FASTED
Green = FED

0
01234567 89101112131415161718192021222324252627282930313233343536373839404142434445464748
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NEGATIVE FOOD EFFECT PREDICTIONS -
IN VITRO CONSIDERATIONS

PPPPPPPPPP ium 2018 — April 4, 2018 SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



BIOPHARMACEUTICS & DRUG DISPOSITION
Biopharm. Drug Dispos. 33: 403416 (2012)
Published online 11 August 2012 in Wiley Online Library
(wileyonlinelibrary.com) DOIL: 10.1002/bdd.1798

Mechanistic investigation of food effect on disintegration and
dissolution of BCS class III compound solid formulations: the
importance of viscosity

Asma Radwan®, Gordon L. Amidon®, and Peter Langguth™"
“Institute of Pharmacy and Biochemistry, Johannes Gutenberg University, Mainz, Germarny
®College of Pharmacy, The University of Michigan, Ann Arbor, MI 48109-1065, USA

Trospium HCI
— BCS Class Il

O 1
— Hydrophilic (log P =-1.22)

— High (~700 mg/mL) 4 0
— Low intestinal permeability (0.07 x 104 cm/s)

— Not Metabolized

— Estimated bioavailability of compound is ~10%

26  Radwan et al. Biopharm. Drug Dispos. 33:403 (2012) PBPK Symposium 2018 — April 4t, 2018 %g’ceugﬂggsmﬂgss
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Table 2. Physicochemi
were performed once.

Media

SIF

0.1 N HCI

0.5% HPMC (pH=6.8)
1% HPMC (pH=6.8)
2% HPMC (pH=6.8)
Acetate buffer

0.5% HPMC (pH=4.6)
1% HPMC (pH=4.6)
2% HPMC (pH=4.6)
0.25% guar (pH=6.8)
0.5% guar (pH=6.8)
0.75% guar (pH=6.8)

ND, not determined.

Copyright © 2012 Johr

. Tospi ©

ag | . Spasmex®
A Spasmolyt ®

D
o
1

20 4

Disintegration time (min)
H
o

< - * * ¥ »
o e y\?“c‘;\?“‘ (P
1TB" o8P (19

F O G NG C

Figure 3. Disintegration times of various trospium chloride
products in different disintegration media. The effects of
increasing media viscosity on disintegration times were in all
cases significant (p < 0.05), whereas the effect of change of pH
for HPMC solutions at the same concentrations of VEA was
insignificant (p >0.05). *pH 6.8; **pH 4.6

Radwan et al. Biopharm. Drug Dispos. 33:403 (2012) PBPK Symposium 2018 — April 4t, 2018

lity, determinations
ms are reported

: pressure (mmol/kg)

95
188
115
125
200

74

82

0s. 33: 403-416 (2012)
DOI: 10.1002/bdd
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Time (min)

o / 7 Ry //'/
2 64 / ¢/ H /17 F =
sox d A, —
= B O S e "‘{// *—  SF
S 404 ,’ // / .//'/ s —-0— 05%HPMC
(7] Ll i
a8 I/ E/ /%./ - _m|—v— 10%HPMC
I/ /;2’ ¥ - —-v—: 14% HPMC
Wik £ BF7 T —-m— 20%HPMC
i//'/§ # i”/ —-0— 0.25% guar gum
g% ,-/d e — <4— 0.50% guar gum
0 = — — <>—  0.75% guar gum
0 20 40 60 80 100 120

Figure 5. (a) Dissolution profiles for Spasmolyt® in viscous HPMC and guar solutions at pH 6.8, 50 rpm in USP-2 apparatus. In all
cases values for f, were < 50. Mean +SD, n=3. (b) Dissolution profiles for Spasmex® in viscous HPMC and guar solutions at pH
6.8, 50 rpm in USP-2 apparatus. In all cases values for f, were < 50. Mean +SD, n =3. (c) Dissolution profiles for Trospi® in viscous

HPMC and guar solution at pH 6.8, 50 rpm in USP-2 apparatus. In all cases values for f, were <50. Mean +5D, n=3

28  Radwan et al. Biopharm. Drug Dispos. 33:403 (2012) SimulationsPlus
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Model building steps:
1. Create virtual human physiology
2. Incorporate in silico/in vitro property data

3. Utilize in vitro dissolution data from ‘fasted’ method to fit

Z-Factor

4. Build MAM/PBPK model under fasted conditions
5. Utilize in vitro dissolution data from ‘fed” method (high

viscosity) to fit Z-Factor

6. Apply baseline MAM/PBPK model to predict PK profiles

under fed conditions

o
[ ]
oA
Ay i
£ )
o2 ]
Ea440
c  °
S o |
© ' '
E3]1 o = Predicted with food
g | \ O Experimental with food
c :. * === Predicted no food
8 :. * ® FExperimental no food
@ 21
&
L
o

-
)

0 : : : £ —
Model results: ° 12 2 o ® = 12
. Time (h)
1. Capture fasted state PK profile well
2. Predict trend, but not magnitude, of negative food effect Figure 8. Simulated and predicted plasma concentration-time

29  Radwan et al. Biopharm. Drug Dispos. 33:403 (2012)

profiles for trospium in fasted and fed states in humans
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Ion pairing with bile salts modulates intestinal
permeability and contributes to food-drug interaction

of BCS class III compound trospium chloride

Qe A Yo : ;
Vs b Y @:\ Y lonenpair formation Without food
RS vft Improved
z absorption
Trospium +  Bile salt i
~ — 1 O%
ﬁ;‘, \ -._.’,: + r,l,, ,):_.\‘_' ‘ i;?:::;:"::-lf \ | ]_\ \
e, .,‘:lf%-h YT Micelle formation With food
e | Roduced
Trospium  + Bile salt  + Olive oil absorption
*Cormesponding author:
Tel: +40 6131 39 24319
Fax: +49 6131 39 25021
E-mail address: langsuthiouni-mamz de

Heinen CA et al. Mol Pharm. 2013 Nov 4;10(11):3989-96 PBPK Symposium 2018 — April 4t, 2018
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Biarelevant media for transport experiments in the Caco-2 model

to evaluate drug absorption in the fasted and the fed state and thea
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Effect of FeSSIF components on Drug U permeability

Drug U Propranolol
“ i
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S i ~2X
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- 20 » L ) 20 ° k) * -"1. ) o

- Absorptive p bility i d with increasing Drug U concentration
possibly due P-gp saturation or excessive non-specific binding

- FaSSIF/FeSSIF absorptive permeability ratio (10 uM) was ~5-8 for Drug
U and approximately 2.0 for propranolol
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Compound U: ACAT model did not predict the
negative food effect using the regular Permeability

Caco-2 Permeability Low to moderate
Papp A-B and B-A, cmix 10 5/min 25,128
Peff, cx104/s 1445
e Yoy e » Compound P displayed negative |

Fe Ty

e |

food effect in humans

» ACAT model could not predict
the negative food effect using
the original Papp data

¢ NovaaTis

GastroPlus PBPK Modeling with 8 fold lower Peff

Fasted Fed Fed Fasted

Sm Cta Em Ots Em Ota

350 343 227 180 0683 047
OTBE 9737 TiM4a 3408 04 Oas

Pan # 90 cmomn 2 50 DEpsTe———
T e | ¥ wr atinrey
mtom l 1oze.a l XTI “”

» Early ACAT mode! could not predict the negative food effect

using the original Papp/Peff data

> Ratio of biorelevant Papp in the FeSSIF/FaSSIF was applied

to simulate the PK under fed condition

» Update ACAT model can 1) well simulate the PK profile under

fasted condition; 2) correctly predict the negative food effect
of Drug U in humans

0 fre Vaagmg, 2 U novanrTis
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precipitation kinetics

IVIVE for

In vivo fit for

Modeling: Szeto, Poster W5237 AAPS Annual Meeting Nov., 2015
Clinical Data: Barone JA, Pharmacotherapy 1998; 18(2):295-301

Time (min)

% perRSymposium 2018 — April 4t, 2018
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Biorelevant Permeability Compounds in Biorelevant Permeability Assay
Moadified fromn Dressman el al,, (2000) EJPS, 11: S73-80

PBPK simulations food effect for Compound X

Assessment for micellar complexation

T T Using permeability difference of ~4-6 (FaSSIF vs. FeSSIF) in C2BBe1 cells
n.:‘:?n : %; Negative food ’ fg;-usgg%v:;: i: W g
o elfactpossibie e P N i) A
pH 6.5 ApicalipH 7.4 Basolateral Cumme bl & 'l“ Fasted E Fed

Incubation at 37°C. 3 hours b i: il ¢ | 1N

Absorptive permeability estimated as indicated below: Pichoer pohdeio ") ]\ 5 "_».\\

Paop = SQLMCooAran) et i»- S ; / W) e

T T ¥ o i ==

SIF: simulated gastnc fluid (lecttin, taurocholate, others) © 1 2 3 & 5 6 7 & 9 10 4 t2 13 14 16 K] ahum » ¥ & a [ B BE ”7.' » % b &
TODAY: Attempt to create absorptive flux vs. Peff correlations
FUTURE: Allow for flux input into models (dependent on
method that combines system + drug-specific parameters)

34 Heimbach et al. M-CERSI Workshop, May 2017 PBPK Symposium 2018 — April 4, 2018 SimulationsPlus
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Midazolam SubQ Dosing

Default IVIVE

Concentration (ng/ml}

Midazolam-PBPK-IV-Pecking

2 [ 10

4 ]
Simulation Time (h)

zEEcEzzE:

Midazelam-PBPK-SQ-Pecking

m

o

o

1

4 1 [
Simulation Time (h)

Congentration {ng/mL)

With

H H £ 10
Simulation Time (h)

Concentration {ng/mL)

olam

C!

45% SubQ Blood Flow Increase

zg

BREses3zsd

o3

Simulation Time (h)

35 Experimental data from Pecking et al. BrJ Clin Pharmacol 2002, 54:357

IM & SC Injeciley
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Int | Obes Relat Metab Dizord. 1992 Nowv;16(11):875-9.

Subcutaneous adipose tissue blood flow in the abdominal and femoral regions in obese
women: effect of fasting.

Enafeldt P!, Linde B.

® Author information

Abstract

Subcutaneous adipose tissue blood flow (ATBF) was measured by the local clearance of 133Xe from the abdominal
and femoral regions of nine individuals with non-endocrine obesity before and after seven days of fasting. Fifteen
non-obese individuals served as controls. In the obese group ATBF was similar in the abdominal and femoral regions,
1.7 +- 0.2 and 1.8 +/- 0.2 ml/min/100 g adipose tissue, respectively. In contrast, in the non-obese group the
abdominal ATBF was higher, 4.1 +/- 0.6 and 2.4 +/- 0.2 ml/min/100 g adipose tissue, respectively (P < 0.01). During
fasting ATBF in the abdominal region increased by 45% (P < 0,01), but it remained unchanged in the femoral region.
The mechanisms behind the differences in responses to fasting in the two regions are unsettled but may depend on
regional differences in lipolytic activity and responses to vasoactive substances. Furthermaore, the vasodilator response
to fasting in the abdominal region in combination with the higher lipolytic rate in that region may be a
pathophysiological factor behind the increased cardiovascular morbidity associated with abdominal obesity.

PMID: 1337342 [PubMed - indexed for MEDLINE]
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Conclusions & General Observations

Mechanistic modeling and simulation approaches are predictive and play
an important role in QbD for drug development and regulatory
interactions

Need to better understand impact of fruit juices/nutritional supplements
on metabolic and transporter processes

Focus on building baseline models under fasted conditions first
— Important to consider all mechanisms of your drug before predicting food effect

Continued collaborations will lead to:
— Advanced understanding of Gl (and other administration site) physiology
— Improved in vitro methods for defining model inputs (e.g., precipitation kinetics)
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— Jim Mullin: Team Leader — Simulation Technology

— Grace Fraczkiewicz: Team Leader — Simulation Studies
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Thank you for your kind attention!
Questions?
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