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Definitions and theory




CMA2 or CPP2

Definition of safe space

Range of quality attributes for a drug product where all the batches
manufactured are anticipated to be bioequivalent to one another

Knowledge space

Operatingrange

CMA1 or CPP1

NASDAQ: SLP

Knowledge space: Range of product QAs
tested in the clinic

Operating range: Range of product QAs
normally used for routine batch production

Clinical reference: DP Batch(es) used for
pivotal studies

Edge of failure: Max QAs beyond which
batches are not BE to clinical reference

Critical Biopharmaceutics Attribute (CBA):
QA (CMA or CPP) which impacts exposure

&8 SimulationsPlus
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Benefits of PBBM

Mechanistic understanding 2> Limitations to drug absorption (solubility, permeability, dissolution
increase product value rate...) 2 guide formulators for 15t time right or LCM, Acceptable
= = content of excipients,

Edge of failure for Critical Material Attributes and Critical Process
Parameters

I '

VSRR VR el el 8o EWiileE IO Engbles the establishment of CRDPS

Support PACs At submission, only a limited # of batches are manufactured. Product
and process performance my deviate from initially filed specifications

Change in specifications : Flexibility granted within the safe space

Regulatory flexibility
Reduction of unnecessary human testing. Best use of clinical resources

Biowaivers . A . . .
combined with modelling and simulation

l I

PBBM does not remove the need for clinical trials but allows to optimize the clinical
resources/timing, increase mechanistic understanding and allows informed decision making

SimulationsPlus
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How to establish an in vitro in vivo link

In vitro

IR product with rapid dissolution is rapid
>80% in 15 min

BCSlorlll

package
convincing

MR product envisaged ﬁ
Develop formulation variants n=3 with different release (
profiles

Clinical study with variants: If variants BE, safe
in vivo human evaluation with IV microdosing, markers of space = clinical
gastric emptying, pH probe in stomach. knowledge space

Prototype dissolution using
Preclinical method(s)

Use PBBM for QbD, safe space, specs Use vitro and vivo data + refined PK-PD or PK-Tox to maximize

Clinically relevant dissolution

: ustificati issoluti DS PSD). virtual
justification (dissolution and DS PSD), virtua T A

BE, support changes within safe space

therapeutic index, define best commercial formulation or LCM
opportunities through PBPK

NASDAQ: SLP
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How to integrate dissolution

MR :
Direct input A\
Weibull QD

IR :

Weibull A
Tabulated @
Z-factor QD
Johnson...etc @

‘:‘ Start Simulation Check

Controlled Release
() Don't Use Controlled Release

Tabulated Data:
(' Load Tabulated data from File ~..200ParacetamolG+\650 mg ER (tylenal).crd

O Load Tabulated Data From Matching .dsd File

() Use Tabulated CR Profile Already In Memory

Chemical Degradation
@® Don't Use Chemical Dearadation
O No .cdd file found
O Use Chemical Degradation Profile Already in Memory

Precipitation Time vs pH
® IJse Fixed (Constant] Precipitation Time
O No .tpd file found

Plasma Concentration-time Data File

Weibull Parameters:
® Load Weibull Params from File ~_20\ParacetamolG +4650 mg ER [tylenol) crd

O Load Weibul Pajameters From Matching .dsd File

' Use Weibull CR Profile Already In Memary

Solubility vs pH
@® Use Built-in pKa-based Solubility Model [don't use interpolated data)
O Mo .spd file found
O Use Solubility-pH Profile Already in Memory

Dissolution Rate (Z-Factor) vs pH
® IUse Fixed [Constant) Z-F actor
O No .zfd file found

Cancel

|”..us July 20200NParacetamolG+\650 mg ER (tylenal).opd

NASDAQ: SLP
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Dissolution integration: How methods compare

Less
Mechanistic

Direct input

Weibull fit

Z-factor vs pH

Fixed z-factor

P-PSD

More mechanistic

Assumptions/conditions of use

Solubility/dose/volume is not limiting dissolution, hydrodynamics
in vitro is not impacting release
Formulation controls release (e.g. MR or eroding formulations)

Z-factor should not depend on pH, Check inputs if it does.
Could mask issue with pH-dependent wettability. Cannot use
with surfactants since lumped factor

All DS particles are equal to thescalar (sphericity, aggregation,
wettability, attrition during process, excipient effects...)

A DP batch specific 1-10 bin PSD which represents the DS particles
available for dissolution after product disintegration

SimulationsPlus
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Strategy for integration of dissolution in PBBM

Product dissolution

Run dissolution of product batches at all physiological pH with and without surfactants, in non-sink and

sink conditions covering physiological relevant conditions. 50 rpm in USP2 unless coning

Dissolution rate/extent depends on volume or pH ?

Formulation type

Modified release formulation

Immediate release formulation

‘ In vitro additional work ‘

PBBM input for
product dissolution

Other inputs in PBBM

PBBM use

Other activities
outside of PBBM

Check precipitation rate in physiological conditions

Fit Weibull
function to
product

dissolution conditions

[ [

* Use apparent DS solubility if
different from crystalline
Integrate precipitation if relevant
with most stable form DS solubility
and use physiologically relevant
fluid volumes in Gl tract model

- I

Fit Z-factor
to different
pH

Define maximal safe space for product

dissolution

Support product dissolution
specifications

o

Lower sink to reach
discriminant method ‘

[
Establish link between product
dissolution and DS dissolution or

particle size measurements
[

Fit P-PSD to drug product
dissolution data or Z-factor if
appropriate. Check prediction
ability across all in vitro data

[

* Adapt PBBM Gl compartment
pH to account for surface
solubility where relevant based
on drug substance properties

* Use physiologically relevant fluid
volumes in Gl tract model

I

Define maximal safe space for DS-
PSD and product dissolution

(B

Support product dissolution
specifications

Support DS PSD safe
space based on
clinical experience

A 4

Support DS PSD specifications

NASDAQ: SLP
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Weibull equation

>V9.7 : up to three phase-Weibull

0 — 1 —
P A(t) =P x| 1—exp A
Max % dissolved 100
120 Lag time (h) 0
A parameter 1.54986
100 b parameter 0.799337
30 / t1/2diss (min)
g o // t80%diss (min)
2
= 40
=S / /
20 / Simple to fit to dissolution data
o With 3 phases all profiles matched
T L f ? ! ? - ! Fill missing points
Time (h) : gp
. N Is not mechanistic.
Simulated measured dissolution i
Imposes release over time

&8 SimulationsPlus
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Z-factor-Takano

dXﬂf.Hﬂ'-:": fj ibD X.'-.H."H": fj *h - ‘ref.l-.u'n": fj
- = . Xl::'.\.l- /figr] b —_— . (—’.‘- — —
Takano, R., et al. (2006). "Oral absorption of poorly water- di phry Xosyiro Viitro

soluble drugs: computer simulation of fractionabsorbed in
humans from a miniscale dissolution test." Pharm Res 23(6): X, viro (1)} 2 ~ Xiire(1)
F L X t’ii'..-..ul'n' S X.'..u!.re' B — _>< f—'.-. T

1144-1156. X V

), 5 vifro vlrr

2Z-Factor =|9] x

Data File | rrd.ul;Jnmr\i | Dss:ﬁ?ﬁul Snu::y | Z
| b |Aptepant Fed Human Micronazed 1| 100 S00 00924

3D
~ phny

Z groups particle size, diffusion and thickness of UWL

cn QU » KS@a and drug density.
Z-Factor [mlL/mg/s]

M W Apreptant Fed Human Micronized

= Aprepant Fed Human Micronized-sim 5.75E-3

s e Simple to fit to dissolution data

§ Z-Factor vahue fited to ! . .

3 s dua YIRS Mechanistic (dose, pH, volume)

S 309 o

22 g & % ShowZinGraph

e ¥ Show Legend ) '

= 0] e | May not match all profiles (multimodal)
54 Z-Factor = .76E-3 mL/img/s
0 Export Z-Factor

P Gmem — Cannot differentiate diffusion of micelles from free drug
@ Cannot integrate hydrodynamics over time @0 SimulationsPlus
10 Particle:size constant (OK for early stages)  cognigen DiLisym Services Lixort
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P-PSD 2

1

Fartiche Sirs Distribubion Data

U 1 AT Ty s st st s o Wt Mo o e,
- W bE el il pesd

A

a: https://doi.org/10.1016/j.ejpb.2019.07.014

NASDAQ: SLP

1- Use of one dissolutiondata to
extract the P-PSD

2- Verification that P-PSD is
predictive of other dissolution
conditions for same batch

3- Use of P-PSD as inputin PBPK
model

Simple to fit to dissolution data
Mechanistic (dose, pH, volume, surfactant)

Basic model comprises hydrodynamics
with Johnson assumption

&8 SimulationsPlus
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% dissolved

Example for P-PSD extraction

Step 1 : 100 mg acalabrutinib capsule batch W027180

(o)}
o
J

[4)]
o
L

N
o

w
o
L

N
o
L

—_
o
L

o

Phosphate pH 6.8, USP2, 900 mL, 50
rpm, 37°C

distribution

NN W oW B
c o o O o
o o o o o

15.0
10.0

Percent w/w

o
o

o
o
||

05 1 15 2

Time (h)

NASDAQ: SLP

P-PSD for batch W027180

36.2
124 0o 103 114
73
5.4
2 34 I
i "M |
2 10 20 25 30 50 B0 70 80 90
)

Particle radius (um

&8 SimulationsPlus
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Example for P-PSD verification

Step 2 : Predicting other conditions for 100 mg acalabrutinib capsule
batch W027180

100 = =) 100 cEEE = B
2 =3 P-PSD able to reproduce
2 | ] o 5
g i the observed dissolution
= 50 | * 20 rates in other conditions
0.1N HCI 0.01N HCI . .
L1 I R B P BT IR of pH with and without
Time (h) Time (h)
100 - b surfactant
8o 4 T
2e0 L.
a 2 50
T 40 1 5 40
=® X 30
20 A 20
pH 2.5 phthalate 10 0.001N HCI
°o o2 1 s 2 0 ' Use of surface pH
| Time (h) ’ 0 S A 2 P
100 | i 100 - Different UWL thicknesses
3% : 3% (if micelles)
2 60 - 2 60 -
é 40 é 40 -
* 20 A EUIII ® 20
o /@ . pH 4.5 Iacetate 0 pH 6.§ phosphate + 012% SD§

0 05 1 15 2 0 05 1 15 2 SimulationsPlus

Time {h) Time (h) NASDAQ: SLP Cognigen | DILIsym Services | Lixoft



Other alternatives to predict dissolution
(DS-PSD or bulk solubility)

100
90

DS-PSD underestimates
dissolution

Bulk solubility and
P-PSD overestimates
dissolution

\ 4

100 -
90

80 -
I - 70

2 60

@ 50
2

T 40
E T

I 20 |
10 -

Surface solubility and P-
PSD is the way forward !

14

™

=
(=

0.1N HCI

1 15 2

=

0 05 1 15 2
Time (h)
- m
m
!
,
!
{
!
s il
i
pH 4.5 acetate
[} 0‘.5 1I 1?5 é
Time (h)
NASDAQ: SLP

3]

0.01N HCI

05 1 15

0.001N HCI

0.5 1 1.5

100 mg
capsule
batch
W027180

2

05 1 15
Time (h)

* @8 SimulationsPlus
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Why do we need P-PSD
Could we use DS PSD instead ?

DS-PSD : laser diffraction (or other methods)

DS is anintermediate to the product

Product manufacturing process = attrition? = Asurface or consolidation = N surface

Real particle shapeis not spherical and can be aggregated = surface underestimated x
Poor wettability = Laser will overestimate dissolution rate and extent

P-PSD
Integrates excipients, process parameters, wettability issues
Is based on the product that we give to patients.

Is extracted from dissolution:link to in vitro performance (integrates hydrodynamics using
same hypothesesthaninsilico tools)

Provides a size distribution using spherical morphology : adaptedto in silico models

a: https://europe.compactionsimulation.com/effect-of-fragmentation-on-dissolution/ @ SimulationsPlus
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https://europe.compactionsimulation.com/effect-of-fragmentation-on-dissolution/

Wettability of drugs : not all particles are equal !

Limiting contact angle for spherical particle spontaneous wetting
dueto gravitation.pS=1.2 g/mL, pL=1g/mL, nL=1 mPa.s

Size of particles determines
spontaneous wetting
Small particles wet less easily

than large particles

1490
120
100 .
o Poorly wettable material
% 20 A
m
E B0 A
3
4|:| -
SRPOMTANEDUS WETTING
=0 Highly wettable material
0 ‘ T T T .
0.1 1 10 100 1000
Fartideradius [pm]
16 NASDAQ: SLP

10000
SimulationsPlus
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Issue of DS morphology and aggregation

FP000180

ACP-1%6
FP-000180, Unmilled

C657/1

FP000264

ACP-195. 201600427 1716 D22 xI.0k 100 um
Acalabrutin, ) FP-000264 CMIL

C657/2

FP000298

ACP-195.
Acalabrutib, FP-000298 CML

C657/3

Measured SSAzer (M2/g)

ACP-196
ces72

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Laser under-estimates

surface area esp. if
particles are aggregated

Closed = laser
Open = P-PSD (dissolution)

CB57/1 8- CB57/3

C657/2

FP000298 e 4312B.151

/- FP0O00180
-------- al

1#5000221

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Calculated Specific Surface area (m2/g)

Dissolution of DP reveals

“more” surfacethan laser
diffraction on DS

SimulationsPlus
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Figure 9. Trospium chloride (Spasmex® ) immediate release tablet dissolution in viscous media, fitted (for 1% HPMC) and predicted for all other conditions with a single P-PSD with

dmsolid = _ Du 1- fu D

P-PSD with hydrodynamics

Same base model and equation
b 1 . .
OO (CS,u - Cu(t)) h (Thickness of UWL) depends on agitation

u
2r 1/2 0
100 100 100 1/3
90 90 o ] 20 h e Sh == 2 + OGREP/ SC / SC —
80 80 80 Sh
0 70 7
% 60 T 60 T 60
§ 50 g 50 o g 2r <V
MY a0 3z av -
=0 0.5% HPMC 0 0.25% GG = B 0.5%GG REp e o7 fav If K=1
fz n=1 mPa.s jﬁ n=6.25 mPa.s :3 n=15 mPa.s j§ D n=48 mPa.s
0 oH 0 0
o 05 1 15 2 0 0s 1 15 2 0 05 1 15 2 0 0s 1 15 2
Time (h) Time (i) Time (h) Time {h) 21’ 4/3 X 81/3
100 100 100 100 R = j K ]
L 20 %0 90 BP -~ 9 lf <
0 | 1% HPMC o 20 4 0.75% GG o | 1.4% HPMC o | 2% HPMC 1
70 {n=100 mPa.s - ©1Nn=154 mPa.s 0 { N=169 mPa.s 70 { N=1300 mPa.s
e =) 2 zg oo 2 60 4 3
§ 50 2 EE) § so
tu 2w ie ) Erp, = | 6nrvpe, + 57 (s — o )8 ) X 2r
30 2 30 30 ! 3
20 = 20 20 o
10 10 10 10
0 0 0 4
0 05 1 15 2 0 05 1 s 2 0 05 1 15 2 0 05 1 15 2
Time (h) Time (h) Time (h) Time (h)

2
Ec, = §3'1'1’3' PsViav

the HD model. Labels show medium apparent viscosity (mPa.s). Footnotes to Figure 9: GG = Guar Gum, HMPC= Hydroxypropyl methyl cellulose, SIF = Simulated Intestinal Fluid.
Symbols represent measured percent dissolved, solid lines represent simulations.

18

Ec
K==2
Erp
hb _ 3 Db
hy — \/ Dy
a: https://ipharmsci.org/article/S0022-3549(21)00549-9/fulltext &8 SimulationsPlus
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https://jpharmsci.org/article/S0022-3549(21)00549-9/fulltext

P-PSD with coning

,.
& w
4
5w
{os)

-~

& v
(@)

i

& 1m -
4 £ i I o
35 35 35 80
s §s ! |
Fas 25 E2s T
2 60 |
g 3 $ 2
15 15 15 »
1  § 1 “‘: ‘0 ) I
05 05 05
0 0 0 201 0 |
25 -2 415 -1 05 0 05 1 15 2 25 25 2 415 -1 05 0 05 1 15 2 25 25 2 45 4 05 0 05 1 15 2 25
horizontal axis {cm) horizontal axis (cm) horizental axis (em) o I
T T
Figure 3. Vertical section of sedimentation spaces (orange lines) for simulations A (w=50rpm, r=20zm), B (w=50rpm, r=50#m), and C (@=150rpm, r=50z¢m), in USP2 apparatus. o 0S5 1 15 2
Time (h)
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Equation utilizes excipientamountand
properties to predict sedimentation or DS Model able to predict the impact of coning on
properties to predict sedimentationin the dissolution as a function of agitation in USP2
absence of excipients \

SimulationsPlus
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Case studies

1) Priadel® 200 mg
2) BMS-663068
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Priadel 200 mg: Post approval justification for a
dissolution specification change

* Lithium carbonate 200 mg —Priadel ®
* |Issues of dissolution testing at end of product shelf life
« Formulation with magnesium stearate, maturation process during storage
» Old data in the dossier
» Current large specifications for dissolution with no issue of safety
Approx. 3 batches per year were destroyed (since not meeting dissolution
specs) + complex management of batches at the plant

* Question to be answered by PBBM
» Can dissolution specifications be changed to avoid product losses without

impacting drug efficacy and safety ?

Ref: Heimbach T, Suarez-Sharp S, Kakhi M, Holmstock N, Olivares-Morales A, Pepin X, Sjogren E, Tsakalozou E, Seo P, Li
M, Zhang X, Lin H-P, Montague T, Mitra A, Morris D, Patel N, Kesisoglou F. Dissolution and Translational Modeling
Strategies Toward Establishingan In Vitro-In Vivo Link—a Workshop Summary Report. The AAPS Journal.2019;21(2). @ SimulationsPlus

NASDAQ: SLP Cognigen DILIsym Services Lixoft
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Biopharmaceutical properties of Li**

* Lithium carbonate Li,CO, —2Li" +CO¥

D50 30-50pm

* Solubility
* In water at 37°C = 12 mg/mL
CO; +2H" = H,CO,
_A

H,CO,+H" —> H,0" +CO,

» Dissolution not pH dependent . Existence of CO, bubbles which
can reduce dissolution rate (isolation of the tablet)

Need to increase HCL molarity to
0.025M to buffer carbonates

NASDAQ: SLP

SimulationsPlus
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Biopharmaceutical properties of Li**

Fluxes transformed in Peff

* Permeability

« Was measured in man 40 years ago !

J.M Diamond et al. J. Membrane Biol. 72, 153-159 (1983)

(VR

K
jejunum @
ileum -

-

calan

ini i+
2.0 — jejunum, Li

K, jejunume
b ileurn, Lit

outflux (millimoles /hr, 20cm)

- ‘/x".. ealon
[ o—-—‘_‘—'_Jﬂ_ —_SL colen, LI+

| ! | ' 1 N ! ' I
o 2 4 € a n

{Li*)or (K*), mM/1

M _sp.c using radii from ICRP89 &

dt ..
lengths perfused in vivo

Flux/Concentration (cm3/h)® radius cm length cm Peff x 10* cm/s

Jejunum 228.7 1.38 20 3.66
lleum 134.5 0.98 20 3.03
Colon 14.7 241 20 0.13

Good solubility and good
permeability exceptin the colon

http://www.icrp.org/publication.asp?id=ICRP%20 Publication %20110

&8 SimulationsPlus
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GastroPlus model setup

Priadel 2 x 400 mg profile used to set up the PK model

GastroPlus™ V7, ASF model 6.1, Human fasted physiology
Lithiumis excreted by the kidneys with no metabolism
Fit of Vd, k12, k21 & CLR to observed PK profile

Cplasma {mMoliL)

0.7 q

0.6 A

0.5

044

—— Cp-Priadel 500 mg (mivioll)
» Measured

Time (H)

ao

B Gastrop Lus(TM): Z:Alithium\ithium. mdb

Els Edt Datsbass Smulation Sstup  Controlled Release  Tools  Modules (Optoral)  Help

=lofx|

Ermmer )i Pty T | ErEh
“PK P - Observed Values
PK Model: [Compartnenal =
acet JLompannents Fa%: [ CMax (ng/mL): [
Body Weight (kal: ] FDp %: i TMax (h): 0

FPE (if fixed) [2]
(Ulal:| 0 Intestinal:] 0 Liver| n|

Blood/plasma concentration ratio: 1

Fx: | 0 AUC (ng-h/mL: 0
Hepatic Clearance (L/h): 0

= Use Exp Plasma Fup [X]: 100

" Use Adj Plasma Fup [%]: 94,264

Renal Clearance CLifLth/kg): | 003221

ceum:[ 0 o (Lihkgl: [ 0
VelL/kg): | 032628

T 172 (h): 16.42

Ki20/m): [ 015128 kim0
K2101/h): [ 015518 Km0
V2 (Lskak [ 031604 V3(ke: [ 0

[ Friadel 600 mg

i Metabolism/Transporter Scale Factors

1

Gut Liver

¥maxSF: [ 1 1
KmSF: [ 1 |
[eutt Apical Basolateral
Influx ¥max SF: [ 1 1
InfluxKmSF: [ 1 |

Efflux Ymax SF: 1 1
EffuxkmSF: [ 1 |

Transter SFs to Enz/Trans

Liver Enzyme Tumover Rates

Notes

Doses in mg represent mmoles of lihium present in the drug formlation (here 21.65mmal correspand to 800 mg of thium carbanate). The units for PK profiles are

rabloles pe lter but captured in G+ 55 ma/liter

SolModel: 6.1 |logD Modek Emp6.1 | Diss Model: Johnson | SabPartSize: OFF

SobBileSalk OFF | Dif-BileSalk OFF

=
4

NASDAQ: SLP
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GastroPlus model validation

Direct IVIVC: Dissolution data integrated with a Weibull function

All 5 formulations below were tested in the clinic

Some are IR with one MR : Assumption for BCS1 = In vitro dissolution is
representative of in vivo dissolution

100 ~ 50

By chance a slow release
formulation of lithium that was
evaluated in human in 2001 !

——"DI02-0141 400 mg
—B—Litarex 564 mg
Camcolit 400 mg
Liskonum 450 mg
= Priadel 400 mqg

% Lithium released
in
L]

0 100 200 300 400 500 G600
Tirme (rin} @B SimulationsPlus

25 NASDAQ: SLP Cognigen DILIsym Services Lixoft
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GastroPlus model validation

Prediction errors were below 10% for AUC and C,, ., assumption for CRD is verified

Calculated Cmax (mEgq/L)

e © ©o o o o o
w » @0 o N ® © =

@

[Camcolit
*

*

Stds3-2

Litarex
&

@ Liskonum

-

o

m

D

YDIO2-01

Liskony

YDID2-01A1

0.1

0.2

03

0.4

0.5

0.6 0.7

Measured Cmax (mEq/L)

0.8

0.9

Calculated Tmax fh)

=

w

Litarg:

Std 832
&

$ Camcolit

Measured Tmax th)

NASDAQ: SLP

Calculated AUC (mEq.h/L)

7 <
DI02-01A1
6
(183-2
Camdolit ¢@
5
@ Liskonum
Litargx
4
3
2
1
0
0 1 2 3 4 5 6 7 8

Measured AUC (mEq.h/L)

@B SimulationsPlus
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GastroPlus model use

Evaluation of old and new proposed specifications

Specs @ end of shelf life

100 ﬁ ﬁ
a0 - Virtual batches dissolving
a0 at the specifications were
70 used in the model
&0 4 - - - - - -
i
8 S04
L]
F 40 —a—Upper new end of shelf life
30 + Lowver new end of shelf life
a0 —s—Upper initial at end of shelf life
—a—Lower initial at end of shelf life
10~
0 T T T T T T ]
] 20 40 60 80 100 120 140

Tirme {min)

SimulationsPlus
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GastroPlus model results

Evaluation of old and new proposed specifications at end of shelf life With new proposed specs, DP at end of

0.7 1

shelf life are bioequivalent to one another
06+ .
- and ratios are closer to 1
054 —— Ini Upper @ EOSL (mMal/L)
ET —— Ini Lower @ EOSL (mMal/L)
E 04
E gl PK parameter Upper/lower Lower/upper
S oo | AUC ratio 1.01 0.99
01 Crax ratio 1.05 0.95
il . . . : - T ) Trmax ratio 0.73 1.36
0740 10 20 a0 40 a0 60 70 B0
Time {H)
064
7] PK parameter Upper/lower Lower/upper
% 044 —— Proposed new Upper @ EOSL (mMlolfL) AUC I’atio 101 099
=1 Proposed new Lower @ EOSL (mholiL)
g 09 Crax atio 1.04 0.96
“ 029 Trax ratio 0.75 133
\
0 T
0 T T T T T T T 1
0 10 20 30 40 a0 60 70 a0
Time {H) New proposed Specs,

are more restrictive !

&8 SimulationsPlus
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		PK parameter

		Upper/lower

		Lower/upper



		AUC ratio

		1.01

		0.99



		Cmax ratio

		1.05

		0.95



		Tmax ratio 

		0.73

		1.36
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Priadel 200 mg conclusion

Variation dossiers submitted to UK
and lrish authorities
Positive reply in spring 2012

Easier production,
storage, release

management

‘Safeguarding public health

Ms H McKenzie

AVENTIS PHARMA LIMITED
OME ONSLOW STREET
GUILDFORD

SURREY

GU145Y

UNITED KINGDOM

20/0812012
.

Dear McKenzie,

APPROVAL

Our Refarence: PL 04425/0322 - 0024

‘Your Reference: 04425

Product: Priadel 200

Type of Procedure: National

Submission Type: Variation

Submission Category Type I

Submission Complexity Standard

EU Procedure Number (i applicabie):

Reason: To update the limits of dissolution test at shelflife specification to limits cutside:
the approved range. Additionally, a minor change is made fo the finished product
dissolution test procadure

The Licensing Authority agrees to the above including any and of the

original that were provided with your written request
The approval date is 20/06/2012,

Please retain this letter with the formal documents relating to the Marksting Authorisation/Registration as evidence of
approval

All Marketing Autherisations/Registrations are subject to standard provisions contained in current medicines
regulations. full details of which are published on the MHRA website:
mhira. 1% i s i htm

‘Yours sincerely.

Medicines snd Healthcare products Regulatory Agency

151 Buckingham Palace Road London SW1W S52

T 0203 080 6000 wwwmhra gok An executive spency of the Department of Hesalth
PL 044250322 - 0024 Approval - Page 1 of 1
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BMS-663068 - Guide formulation design

I.  BrownJ, Chien C, Timmins P, Dennis A, Doll W, Sandefer E, Page R, Nettles RE, ZhuL, Grasela D.
Compartmental absorption modeling and site of absorption studies to determine feasibility of an
extended-release formulation of an HIV-1 attachment inhibitor phosphate ester prodrug. Journal of
Pharmaceutical Sciences. 2013;102(6):1742-1751.

Il.  Stillhart C, Pepin X, Tistaert C, Good D, Van Den Bergh A, Parrott N, Kesisoglou F. PBPK Absorption
Modeling: Establishing the In Vitro—In Vivo Link—Industry Perspective. The AAPS Journal. 2019;21(2)

Define the target quality attributes of an MR formulation to reach the desired PK profile
3

crystalline

NR

1.7atpH 6.5

MR matrix tablets

IR and several MR matrix formulations

600 mg

ASF and transit time were fitted toindividual subjects using site of absorption study
USP type 1 apparatus, 100 rpm, pH 6.8 phosphate buffer

Integration of dissolution in PBBM Data fitted with Weibull

Modeloutcome PBBM was refined and used to design commercial formulation based on CBAs

Literature references
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Mechanism of absorption

Alkaline phosphatase (epithelial surface)

) N'i\&@

Pro-drug
BMS-663068 BMS-626529

Feasibility of an ER formulation (600 mg pro-drug)

to extend duration of action (Cy,,,g,) and limit C,,

31 NASDAQ: SLP

Active moiety, short halflife,

solubility limitation to absorption
ﬂ o P = 1.34 10% cm/s
OMe

Lower Gl tract absorption ?

Human Gl tract absorption study

Parameterize the ASFin
GastroPlus
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% Dissolved

Initial IVIVC study

In vitro Predictions with refined PBBM
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b 126 Initial IVIVC : Discrepancy
e e 2 between in vivo and in vitro
e I > 804 . . . .
e < ! s o - WY dissolution = large difference in
P 5 L, \ - Slow ER profle q .
- e £ % A\ - immesite ieae profiles & release mechanisms.
ol A 3 | g 20 Used to identify CBA for target
Sl e —-¥— Slow-release ER profile 8 i .
ol &7 g matrix tablets : Surface to volume
4 = 1.0 .
N ? osd ratio and drug to polymer ratio
0 :4 1; 1'2 1% z;n 24 0.0 T f————
‘ 0 12 16 20 24
iewe (h) Time ()
Table 4. Model-Predicted (Pred.) Versus Observed (Obs.) Parameters Following Delivery of 600 mg 0 |nvitro — In vivo
BMS-663068 as Fast-, Intermediate-, and Slow-Releasing Extended-Release Tablets - -
bl o
Extended-Release Tablet Formulation ® : & :
=70 P = T
Pharmacokinetic Parameter Fast Intermediate Slow i'so % ; ° § 6: o
Cmax (pg/mL)? Pred. (n =8) 2.20 (28) 1.92 (28) 1.48(28) ﬁi % : o g 2 o
Obs. (n = 15) 5.21 (29) 4.41(31) 1.81 (56) Iy u] [o &
AUCy_r) (pg h/mL)? Pred. (n = 8) 12.68 (24) 11.33 (23) 9.12 (22) » » »
Obs. (n = 15) 21.41 (34) 18.96 (29) 9.42 (50) Y 1 .
C12 (I"l‘g/mL)a Pred. (n = 8) 0’31 (40) 027 (42) 021 (42) oo:s 300500 1000 1400 1800 2200 oow 200 400 700 1000 140¢ ooocloc 3.00£.005.00 700 106
Obs. (n = 15) 0.13 (54) 0.16 (84) 0.09 (69) frerel e il
2Geometric mean (CV%) Slow Medium Fast
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C-max (ng/ml)

Definitive IVIVC study

New formulation variants centered around the commercial tablet
2 CBAs : Surface to volume ratio and drug to polymer ratio

Simulation with
GastroPlus *
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BMS-663068 : PBBM Conclusions

PBBM allowed integration of site of absorption study to refine absorption
prediction along the Gl tract (model set-up)

PBBM allowed to gain a mechanistic understanding of the in vivo release
mechanisms and difference with in vitro release

—> optimization of the in vitro release to be clinically relevant

- Understanding of the drug product CBAs

Once the link between in vitro and in vivo is established, PBBM can be used to
define formulation design space (s) and verified with justin time manufacture
for adaptative clinical trials

Data has been used to set and justify release specifications which are within a
safe space for the product

@B SimulationsPlus
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Take home messages

PBBM can be used alongside more classical IVIVC to determine safe space
Drug product dissolution can be integrated in a mechanisticway or not
(time based)
Link between in vitro performance (dissolution) and in vivo PK establishes
the clinical relevance of the dissolution method
PBBM allows to gain understanding of the failure modes of the
formulation
PBBM use can span multiple usages from specification justificationto post
approval changes.
The safe space establishmentisintegral to enablingthese changes

— Sensitivity analysis, Virtual BE maintools to define limits
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