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Modified release formulations in
PBBM : The smart choice!




Outlook

* Some definitions & why develop PBBMs for MR formulations
e Case study 1: MR oral diltiazem formulation: Impact of
physiology and determination of a biopredictive dissolution

method

e Case study 2: Long acting injectable: Is a USP4 method
biopredictive ?
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Definitions

PBPK Model: Physiologically-Based

Pharmacokinetic model

Describes the software tool. Agnostic
to the use
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PBPK & dissolution
specification(s)

Annual number of publications
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PBBM: Physiologically-Based
BlopharmaceUtICS MOdeI ‘}2;3:_1 10:2 2013 ECIL'I. 2{;5 2016 201-_." 2018 2019 2020 2021 2022 2[;3

Fit for purpose application: Focusses e
on the use of the model to support https://doi.org/10.1021/acs.molpharmaceut.4c00202

biopharmaceutics/drug product quality
applications

SimulationsPlus
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https://doi.org/10.1021/acs.molpharmaceut.4c00202

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

s— . . : content of excipients,

Edge of failure for Critical Material Attributes and Critical Process
e : — Parameters

Enables the establishment of CRDPS

At submission, only a limited # of batches are manufactured. Product

Support PACs
and process performance my deviate from initially filed specifications

Regulatory flexibility Change in specifications: Flexibility granted within the safe space

Reduction of unnecessary human testing. Best use of clinical resources

Biowaivers . : . . ;
combined with modelling and simulation

PBBM reduces the need for clinical trials and allows to optimize the clinical resources/timing,
increase mechanistic understanding and allows informed decision making

SimulationsPlus

NASDAQ: SLP



Dissolution methods

Biopredictive dissolution method A set of

QC release ' testing conditions for which in vitro
mest_h°|ds dissolution profiles are capable of predicting
imple 2 q 2 .

USP appartises pharmacokmetuc profiles. Thgsg are typically
Often automated based on classical or mechanistic IVIVC or
High throughput PBBM.

Single pot or open

systems - . : Al
d Clinically relevant dissolution specifications

A set of in vitro dissolution testing conditions

Biopredictive / and acceptance criterion(ia) that can identify
clinically relevant ? and reject drug product batches that are not
expected to be bioequivalent to clinical
pivotal product batches.

Going further : Heimbach, T, et al., Dissolution and Translational Modeling Strategies Toward
Establishing an In Vitro-In Vivo Link—a Workshop Summary Report. The AAPS Journal, 2019. 21(2).

https://doi.org/10.1208/s12248-019-0298-x
i // F NASDAQ: SLP SimulationsPlus



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

| In vitro additional work Check precipitation rate in physiological conditions
Lower sink to reach
I discriminant method

Fit Weibull
function to
product pH

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

Fit Z-factor
to different

PBBM input for
product dissolution

Other inputs in PBBM

Used for
|| IVIVR

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 GI compartment
pH to account for surface
solubility where relevant based
on drug substance properties
* Use physiologically relevant fluid
volumes in Gl tract model

Define maximal safe space for DS- ‘

PSD and product dissolution

|| ||
PBBM use D-efme rr\axlmal safe space for product
dissolution
Other activites Support product dissoluti | | petebasedon e
outside of PBBM uppto‘r p.ro uct dissolution p . .
specifications clinical experience

10 NASDAQ: SLP

Support product dissolution
specifications

A 4

Support DS PSD specifications ‘
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3 Models Based on Where Drug is Released

/ D u b  Stomach
* Gastric release: v l 1f l f l
e D P B v Y Duodenum
— Unreleased drug remains in stomach :t D l %ﬁ l :l: Dl
D5 p_-" i UUD Jejunum
* Integral tablet: 2 l %F l 1
— Unreleased drug remains in tablet — moves uy UUD Jejunum?
from one compartment to the next { 1% l
(e.g., erosion tablet, pulsed, multi-layer 8 UDDU lleum1
systems) $ l
D U lleum2
* Dispersed: ;'i l
up D
— Unreleased drug disperses among , . lleums
compartments 4{ l
U
(e.g., beads) 4; : l Caecum
Yo Colon
U = unreleased D = drug in solution % l
11 SimulationsPlus
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Delayed Release Technologies

 Enteric Coated Tablet —>

— the whole tablet stays in stomach for
the period of stomach transit time

— after leaving stomach the dissolution
continues as for IR formulation

* Enteric Coated Capsule —

— the small enteric coated pellets can get
distributed throughout the Gl tract

— the pellets start leaving stomach
immediately at the rate calculated as
“1/transit time”

— Only the pellets that already left
stomach will start dissolving
(dissolution as for IR formulation)

Enteric coating — not user specified pH range

U = unreleased D = drug in solution

12
12 NASDAQ: SLP
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Stomach

Duodenum

Jejunuml
Jejunum?2

lleum1

lleum?2
leum3
Caecum

Colon
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Differences in simulations with various

If drug is subject to first pass

CR mOdEIS degradation, the Cmax and AUC will

depend on absorption site

Human-CR-Slow - Absorption & Dissolution Human-CR-Slow - Compartmental Absorption
[ — Resut-AmtDiss—1 [~ Result-AmtAbs1 | —— Resub-AmtPV4 [ —— Total SCA [ 250 ] .
500 200
Integral Tablet
450 350
400 gsoo- 55.3 %
350 =
_ E 250 |
=
E £ 200 |
% 250 | << 150 ]
=
200
100 17.6 %
150
050 §
o0 259% 3% 38%  27e g
oool 00% - N k)
050 o = = =
g2 g £ £ g g g g I3 =
H = = £ £ E 2 2 E
o0 HHfrroo - ey F| 2 H s 3 3 3 2 o
0 2 4 6 B 101214 16 18 20 22 24 26 25 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 687072 =3 H] 5 5 - ~ “ El El E
Time (h) 5 = =) S
Human-CR-Slow - Compartmental Absorption Human-CR-Slow - Compartmental Absorption
380 §
500 973 % 360 4 70.7 %
- 340 H
450 d
Gastric Release e Disperse
400
H 280
260 (6 hr retention) o
= S 240
E 300 | E 230
E = 200 38.8 %
= 250 ] Z 180
E 41.7 % E 160 |
<< 200 ] =T 440 ]
120 §
150 100 17.8 %
100 ] oeo ]
E 040 §
050 020 § 3.1% 382 33%  gsep g geg
000 oon L 2.0%
e £ = £ £ f E § & 3
Fl 2 E E 3 3 3 H o E
E§ § § § = =~ = 5 £ =z
3 = ] H
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Case study #1

Diltiazem MR

Transfer from plant A to plant B of a modified

release product, BEQ failed despite comparable
dissolution using QC method. Can PBBM be

used to understand root causes and make
recommendations for future BE study ? .

“CH,
| i
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Transfer from plant A to plant B

Extended release formulation of diltiazem comprising a mixture of IR and ER pellets
* ERtechnology : coating with Eudragit RS/RL polymer

* BE study failed on Cmax

B/AC

max
-l 0.84 [0.78-0.90]
SE‘ 120 1 N B/A AUCO'“ 120 4 —— Balch B al releass
2 100 - 0.94 [ -0.99] #— Batch B + 3 months
= a0 100 +— Balch A al redeass
5 60 Batch A + 18 months
a 40
& 20 80 K
a T -]
1] 10 20 an 40 50 &0 70 ;2 60
o Time (H) ul:-';
* Invitro pH 1 data 2 40
* Slight difference between batches but within specs E
) o |
* (Questions =
*  Why did the BE study fail ? 0 & , . .
»  How can we avoid similar failures in the future ? 0 10 20 30 40

Time (H)

o NASDAQ: SLP SimulationsPlus



Biopharmaceutical properties

* Phys-chem properties oL (8 /
— Log P =2.89 @s V ,f"'l
— pKa 8.02 (Base) A CH, e
o O 40 \
— Permeability NFJ -
HSC; "SE Dnoo 20 40 slo e’o mn

3 oH

e Scaled from Caco2 data

Compartment pH fasted Papp fasted Peff fasted

Stomach 1.3
Duodenum 6 119.2 3.35
Jejunum 1 6.2 149 3.86
I 6.4 17838 435 Good solubility and permeability down to
lleum 1 6.6 2086 4.81 the lower sections of the Gl tract
lleum 2 6.9 253.3 5.46
lleum 3 74 327.8 6.47
Caecum 6.4 178.8 4.35
Asc Colon 6.8 238.4 525

European Journal of Pharmaceutical Sciences 24 (2005) 333-349
European Journal of Pharmaceutical Sciences, 14, 281 —291 (2001)
Pharmaceutical Research, 14(9), 1210-1215, (1997)

16 SimulationsPlus
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Methodology : top-down analysis of PK to
extract in vivo dissolution

* Use of 2-phase Weibull equation in GastroPlus®

In vivo
[~

Cpin vivo Kensas 300 mg M 0O Cpanvive Kansas 300 mg Obs
¥ I Cpinwo Kensas 300 mg B

Bl weibull Controliod Relaase Profile (=] |
e
180 o | =
=
o 1604 Record. I vivo Kansas 300 ng " - e - \\
- Total sinsstion tine (1) 50 iDsabensed w3er 1= frogt =TE | gy ol 20TV —c
| \ | i w /
E 140 y Recut Cbsery Semud - /
Ba { Fa (%) 0 2635 Waibull Paramatars = 50 J
C 1204 FOp (%) 0 763 . _n /
=1 F (%) o 763 L time o pestfi L E ! .
g 1004 e (ginL ) 158 128067 a Mo [sotal vebeasod) ()37 r %
Tmax (W) 16 158 =0 ’
2 et - s 5 deconvolution i
g 080 AUC 02 (ng-ninLy __ 29624 23493 DosbloWaibull —~ Phossl 5 Phasw2 g || £ ,/'u “
< 560 il i 1 Duscionk: [Fa8 - [ise &
el A (tme veale) b [13208 [ [2zEes &
c y blshaget (503 s o/
o 040 [}
O LT ] 600 1200 168 00| M0 o
020 Feud i | Euweb | Gl | = | T s
0004 [ el defa n memory [ el \
- v . - v .
ENE N | In vitro pH 1
Simulation Time (h)

Significantly quicker in vivo dissolution

compared to that measured at pH1 q
- NASDAQ:SCP - - Simulationspll)s
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IVIVC with pH 1 dissolution data

-
L]

—— % Dissclved in viva (B)
—— % Dissclved in vivo (A)
® B % dissolved (pH 1)
+ A% dissaolved (pH1)

15 20 25
Time (h)

In witro % relaasad

¥ = 09232 &
R*=0,873
*BpH 1 o
whpH 1 ali il
R =tEres
i '&
L +*
A=
3
'\.FI-. "
l.q‘-
-
40 &0 a0 100

im witd T released

No IVIVC: In vivo dissolution is ~6h quicker

than in vitro dissolution

SimulationsPlus



Root cause identification for lack of IVIVC with pH 1 data

Reasons for failure Reduced hydration
Eudragit RS/RL contains chloride anions. of Eudragit RS/RL
with Cl-

Eudragit® RS/RL pH independent
prolgnged release

active

HCL 0.1N not adapted

to the product !
Sugar pellet 2
O Average hydration % w/w @ t=5h
é 45 - B Average hydration % w/w @ t=125h
£ 40
5 35 A
©
S 30 -
CH CH; o 25 -
xxxxxxx N 5 50 |
& 7]
{%n fhn o g 15
LR S 10 .
Lo Lo Ly =0 |—. Recommendation to use
£l z 0 : , : pH6.8 without NaCl
e e = NaCl  NaH2PO4, HCl Water

2H20

o 19 NASDAQ: SLP SimulationsPlus
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% dissolved

100
Q0
80
70
=1
50
40
30
20
10

IVIVC with pH 6.8 dissolution data

——% Dissolved in vive (B)
— % Dissolved in vivo (A)
+ A% dissolved (pH 6.8)
® BY% dissolved (pH 6.8)

10

15 20 25 30
Time (h)

In witro % released

100
a0
80
TO

«BpHEAS
mApHGES | ;f

G0

50
40

30

20

10

40 =11] &0 100
I wive % released

Good IVIVC: New dissolution method at pH 6.8 is biopredictive

NASDAQ: SLP
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Diltiazem extended release
Impact of gender on BE study

Majority of the drug absorbed in - A LA AO—
o caecum and ascending colon 3200

3,1504
3,100
-~ 30504
-l 3,000
§ 2,950
2,9004
2 2,850
= 2800 /
E 2.7501
g
6504
8 2500
< 2550
2,500
2450{
2,4004
2,3504

013 015 017 02 023 027 031 037 043 05
Stomach Transit Time (h)

4H more transit time per large intestinal segments
for females vs males @

e Males CTT estimated at 12h Fomaleimale) Fermea smmale Longer transit times in lower intestine
Anticipated with fermale CTT = 16h 1,08 1,06 H

g Females CTT from 16h to 20h Anticipated with fermale CTT = 20h 113 1,10 COUId explaln female Iarger exposure
Measured 1,12 1,14

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

CTT = Colon Transit Time = <
21 & NASDAQ: SLP SimulationsPlus
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Case study #2

Drug X

Long acting injectable : Dissolution in burst
followed by prolonged release. Can the in vivo
prolonged release be informed from USP4

dissolution?

NASDAQ: SLP
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P-PSD (Classic) A !.\I DDDPlus 2

Fartichs Sure Distributicn Data
_ " = § |
g oty W e P T [T e e bt sl B e P ks
e ——— = |
' f .
'

=

.l D
. = :
- ) 1- Use of one dissolution data to
: extract the P-PSD

R gr— I

- — 2- Verification that P-PSD is
- predictive of other dissolution
EAN I== 1 conditions for same batch
WA ==

- 3- Use of P-PSD as input in PBPK

dmsolid Du 1~ fu Db
e R (R e o) R CIRNC) oge)

i Cu(t) h
ol

A: Pepin, X.J.H., et al., Bridging in vitro dissolution and in vivo exposure for acalabrutinib. Part I. Mechanistic modelling of drug product dissolution to derive a P-PSD for PBPK model input. European Journal of Pharmaceutics and Biopharmaceutics, 2019. 142: p. 421-434.

SimulationsPlus
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100
90
80
70
60
50
40
30
20
10

% dissolved

o -+

Profile fitted to extract P-PSD

el e

USP4 dissolution modeled with Product-

Particle Size Distribution

pH 5, 4 mL/min
AFE AAFE AAPE
1.04 1.04 1.41
5 10 15 20
Time (h)

20h release profile fitted with P-PSD

Good prediction performance of

same batch in other dissolution

conditions

100
90
80
70
60 -
50
40
30
20
10

0

% dissolved

g

90
80
70
60
50 -
40
30
20
10

% dissolved

4 EEEE N N I O S S B EaE B s B s .
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P-PSD used to verlfy other in vitro dissolution conditions

90 +
80 -
70 +
60 -
S0 A
40 -

100
-
2
) 2
pH 5.5, 4 mL/min e
| AFE | AAFE | AAPE | 30
0.92 1.09 5.71 20

10

g 0
5 10 15 20

Time (h)

% dissolved

pH 5, 8 mL/min
30
20
10

[ AFE | AAFE | AAPE |
| 105 | 105 | 256 |

5 10 15 20
Time (h)

pH 4.5, 4 mL/min

| aFe | AAFE | AAPE |
1.11 1.11 5.95

5 10 15 20
Time (h)

pH 5, 16 mL/min

[ aFe | aAFE | AAPE |
| 107 | 107 | 640 |

5 10 15 20
Time (h)

G5 SimulationsPlus
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Application to preclinical data

Formulation 2

204
30
. 184
a
E 25 lati 164
> Formulation 1 14]
=20 © 121
5 E
L] ;
] 15 ﬂ
= -]
e =
o 10
c
o
O 5
0 T T T T T
(] 500 1,000 1,500 2,000 0
Simulation Time (h)
40
354
a
E 301
2 Formulation 4
~— 254
s
'g 20
E 15
8
£ 10
£ 10 %,
° i
& b .
ojﬁ o P
0 500 1,000 1,500 2,000
Simulation Time (h)

500 1,000 1,600
Simulation Time (h)

Formulation 3

500

1,000 1,500
Simulation Time (h)

/mL)
W & B W On

G S

Concentration (ng
L5,

-
=

)

&

Formulation 5

o

2,000

P-PSD obtained on 5 different

formulations enabled PK profile
prediction for the main release phase

13

0 500

1,000

1,500

Simulation Time (h)
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Conclusions

PBBM offers a physiologically relevant modeling framework
PBBM is adapted to modified formulations
PBBM is applicable to all routes of administration

The link between in vitro release and in vivo exposure can be
mechanistically interogated

NASDAQ: SLP
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Glossary S|+

ADMET Predictor®: Flagship machine learning platform for absorption, distribution, metabolism, excretion
and toxicity (ADMET) modeling

Al-Driven Drug Design (AIDD): ADMET Predictor module

DDDPIlus™: For in vitro dissolution experiment of pharmaceutical dosage forms

DILIsym®: Quantitative systems toxicology (QST) software capable of predicting and explaining drug-induced
liver injury (DILI)

GastroPlus® X: Physiologically based pharmacokinetic (PBPK) software that simulates absorption,
biopharmaceutics, pharmacokinetics, and pharmacodynamics in humans and animals

High-Throughput Pharmacokinetic Simulations (HTPK): ADMET Predictor module

ILDsym®: Quantitative systems pharmacology (QSP) modeling software for interstitial lung disease (ILD)

IPFsym®: QSP modeling software for ideopathic pulmonary fibrosis (IPF)

©2024, Simulations Plus, Inc. All Rights Reserved. 28
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MedChem Designer™: Chemical structure drawing and property prediction

MembranePlus™: Mechanistic in vitro permeability and hepatocyte modeling

Monolix™: Non-linear mixed effect model parameter estimation

NAFLDsym®: QSP software for modeling nonalcoholic fatty liver disease

PKanalix™: Compartmental analysis (CA), non-compartmental analysis (NCA) and bioequivalence studies (BE)

RENAsym: QST software for predicting and understanding drug-induced kidney injury

Simulx™: Clinical trial simulations

Thales™: A model building platform that automates and streamlines the QSP modeling process

©2024, Simulations Plus, Inc. All Rights Reserved. 29
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