Enabling a Healthier World

37 LONZQ

Small Molecules

PBPK Modeling for Identifying and Mitigating
Absorption Risks m Early Drug Development

Deanna Mudie, Ph.D, Senior Principal Engineer, Lonza Small Molecules
John DiBella, President, SLP Division, Simulations Plus

27 April 2023 Public




The State of PBPK Modeling

Oral Absorption Risks and Mitigation Strategies

Lonza PBPKModeling Services Overview

PBPK Case Studies

27 April2023




The State of PBPK
Modeling

27 April 2023



What Do We Mean When Describing PBPK Modeling? S+ LONZQA

Small Molecules

* Physiologically based pharmacokinetic (PBPK)models represent animals
and humans virtually as a collection of organs and tissues, each defined by
a system of mathematical equations

= . Ocular

« PBPKmodels are developed using quantitative values (“parameters”)and
equations that describe characteristics (e.g., body weight, blood flow rate,
physicochemical properties, formulation)and mechanisms (e.g.,
dissolution, precipitation, absorption, metabolism)

Pulmonary

« PBPKmodels built for animals can often be extrapolated to humans —and,
in a similar vein, models built for healthy adults can often be extrapolated
to other populations (e.g., pediatrics, disease states)
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Evolving Relationship Between PBPK Modeling and

. 37" LONZa
Pharmaceutical R&D
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Model“supported” (first questions 20 years ago):
« Willmodeling and simulation help?

Model“based” (questions 5 years ago):

* How can Imaximize the value of modeling and simulation in my development program?

Model “mnformed” (questions today):
« How do Ichange the R&D process to reflect the availability of in silico tools and techniques?
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PBPK Modeling to Support Regulatory Interactions: The Push! S+ LONZQA
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EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

13 December 2018
EMA/CHMP/458101/2016
Committee for Medicinal Products for Human Use (CHMP)

Guideline on the reporting of physiologically based

In recent years, much attention is being given to drug development strategics that use modeling &

pharmacokinetic (PBPK) modelling and simulation ThC Use Of Physiolo glCally Based imulation (M&S) based on mathematical models in an attempt to predict relationships of pharmacokinetics,
. . harmacological action, and the cfficacy or safety following administration of drug products. One of the M&S
Pharmacoklnetlc Analyses — <chniques is an analysis using a physiologically based pharmacokinetic (PBPK) model by incorporating
: ; : : formation such as human physiology, and biochemical and physi ical i ion of the drug into
o osen T—— Biopharmaceutics Applications for Oral ;
sgresd by ing ond S ng Grewp Apra 201 P pp i model. A PBPK model is a useful technique for investigating drug interactions, predicting
Oraft agreed by Pharmacokinetics Working Party Hay 201 Drug Product Development, barmacokinetis i speial population (o5, pedisvie) od detersiing dosage s rgimea.
. . .
Adopted by CHMP for release for consultation 200y 201 Manufacturing Changes, and Controls _—
3 7 S 10 0 gl C a 3 7 aS e Taking account of the recent increase in the use of PBPK analyses to support marketing applications,
Start of public consultation 29 July 201 Guidance for Industry finistry of Health, Labour and Welfare has prepared “Guidelines for Analysis Reports Involving
. . “hysiologically based Pharmacokinetic Models,” to enable a sponsor or applicant to report PBPK analyses
£nd of consultation (deadline for comments) 31 Jenusey 201
a [‘[ I ) aC O 1 [ ] e 1 C iately. We ask you to inform and sellers placed under your administration to utilize this
Agreed by Modelling and Simulation Working Group October 201 DRAFT GUIDANCE or their business operations.
Agreed by Pharmacokinetics Working Party October 201 - R
An al Ses — Form at an d [RRIS RNSCREE Gocmmentis e G HbuEtfor SHmmERE RRposes aalys This guideline provides poiats to consider and basic principles in prepariag analysis reports involving
Adopted by CHMP 13 December 201 Comments and suggestions regarding this draft document should be submitted within 60 days of "BPK models in drug development as described in the Introduction. The guideline is based on the current
publication in the Federal Register of the notice announcing the availability of the draft ) S ) ; . .
Date of coming into effect 3 Dy 201 Buidance. Submit clectronic somments to htipss/ s regulationszov. Submmit writen cientific knowledge. When a new finding is obtained through advancement in academic knowledge, science.
Ontent comments to the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630 nd technology, please take a flexible approach based on sound scientific decision together with the guideline.
Fishers Lane, Rm. 1061, Rockville, MD 20852. All comments should be identified with the

docket number listed in the notice of availability that publishes in the Federal Register.

Guldance for IIlduSt | qualification, For questions regarding this draft document, contact Paul Seo at 301-796-4874. This English version of the Japanese Notification is provided for reference purposes only. In the event of any

ad the English translati

2018 2018 2020

https://www.fda.gov/media https://www.ema.europa.eu/en/document https://www.fda.gov/media
/101469/download s/scientific-guideline/guideline-reporting- /142500/download 000239317.pdf
physiologically-based-pharmacokinetic-

pbpk-modelling-simulation _en.pdf

https://www.pmda.go.jp/files/
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PBPK Modeling Submissions to the FDA S+ LONZA
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Supplement Article Commentary

Application of PBPK Modeling and ;g;;&;gﬁ'gI‘;@;_*,';;"f""’_m'w

Simulation for Regulatory Decision Making e e g e Biopharmaceutics Applications of Physiologically Based Pharmacokinetic
L ublic domain in the USA . . . - - - .

and Its Impact on US Prescribing BOL 101002icph 1767 Absorption Modeling and Simulation in Regulatory Submissions to the U.S.

Information: An Update on the 2018-2019
Submissions to the US FDA’s Office of
Clinical Pharmacology

Food and Drug Administration for New Drugs

Fang Wa, 3¢ Hcta Shah,” Mm Li! Pcng Duan,’ Ping Zhnn. * Sandra Suarez,” Kimberly Raines,' Yang Zhao,"*
Meng Wang. 7 Ho-pi Lin," John Duan.” Lawrence Yu,® and Paul Sco'”

Xinyuan Zhang, PhD, Yuching Yang, PhD, Manuela Grimstein, PhD,
Jianghong Fan, PhD, Joseph A. Grillo, PharmD, Shiew-Mei Huang, PhD, Hao Zhu, PhD,
and Yaning Wang, PhD § 1

Disease

DATA SET: 2018-2019, N= 116
5%,

; -2019, N= 74
. Others
6 4
54
] DDI-enzyme
40%
a%—— ’ 3 1
HL ]
4% 24
Food effect
2% 14
A D .

DDI-transporter

Number of Submissions from January January 2008 to
December 2018
-

- 16%

4% 4 Dissolution Particle size Effect of Effect of food SUPAC Oral absorption Predict

Figure 3. Distribution of physiologically based pharmacokinetic sub- ificati seting gastric pH change  inpediatrics  Bioavailability
missions by application areas (2018-2019). DDI-ARA, acid-reducing
agent-mediated drug-drug interaction; DDI-enzyme, enzyme-mediated

Applications of PBPK absorption modeling and simulation

drug-drug interaction; DDI-transporter, transporter-mediated drug-drug Fig. 2. Applications of PBPK absorption modeling and simulations in the new drug applications submissions*.
interaction; HI, hepatic impairment; peds, pediatrics; PGx, pharmacoge- Abbreviations: SUPAC, scale-up and post-approval changes. *Note that in some cases, the same model was used for
nomics; RI, renal impairment. multiple purposes, e.g., setting of both particle size specification and dissolution acceptance criteria

Zhang et al. JClin Pharm 2020 Wu etal. AAPS J2021
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Examples of Approved Drugs Supported By PBPK Modeling
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\éALECENSA

alectinib 33555..
pH-dependent DDI

@ FARYDAK'

(panobinostat) capsules
10mg/15mg/20mg

pH-dependent DDI

.
Opsumit

macitentan 1ablets 10 mg

drug product specifications

‘ Invokanas-

(canaglliflozin) tablets

drug product specifications
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*BRAFTOVI - MEKTOVI

(encorafenib) 75 mg capsules (blnlmetlﬂlb) 15 mg tablets

metabolic DDI

Ve Inlyta.

aX|t| ni blmgandSmgtablets

transporter DDI
4

Mekinist

(trametinib)

¢  PIQRAY’

(alpelisib) tablets

50mg - 150 mg - 200 mg

food effect

¢
CALQUENCE

(acalabrutinib) 100 mg capsules

drug product specifications / pH -
dependent DDIs

?KISQALLI

200 mg

ribociclib oo

pH-dependent DDI

Tamiflu
0Seltamiir phosphate

Prescription for flu

drug product specifications

= ZURAMPIC

lesinurad tablets

pediatric dose support



Common PBPK Modeling Industrial Applications
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FIHdose selection and clinical Support for optimal formulation
development plans based on selection based on preclinical
preclinicaldata data

Precinica “post Approva
Y I_

Metabolism-based DDIs

Drug Product Specifications

]

Special Populations grgs|
Food/pH-dependent DDI Effects
A T
CMC Changes/Oral BE
CMC Changes/Complex BE

27 April2023 Public

Predictions of DDl liability; DDIstudy design
support and biowaiver plans

Development of
biopredictive dissolution
methods and drug product
specifications

Simulations to support dose
adjustments in special
populations and related
product labelling

Design studies and
biowaiver plans

Design of BE studies and
biowaiver plans for oral
route of administration

Design of BE studies and
biowaiver plan for complex
products



PBPK Modeling to Support FIH Exposure Predictions:
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Clinical Pharmacokinetics
https://doi.org/10.1007/540262-019-00741-9

Predicting Concentration vs Time Profiles in Man From In Vitro and - REVIEW ARTICLE ®

- Check for

Pre-clinical Data - An Evaluation of PBPK . =l
Physiologically Based Pharmacokinetic Modelling for First-In-Human
Predictions: An Updated Model Building Strategy lllustrated

Summary of IV profile prediction accuracy

FoRGEILE L] o with Challenging Industry Case Studies
l APPROACH Weighted sumof | . | % within 2-fold error | ;. | % within 2-fold errar I
i Ll Bl LY (B il Raiial i Neil A. Miller'© . Micaela B. Reddy® - Aki T. Heikkinen® - Viera Luk *. Neil P. 3
; = T g 1 e ST x i 5 e . er - Nicaela b. Rel . . Re nen” - Viera Lukacova™ - Neil Parrott
GastroPlus : g bR G bR Bt B e 20100y« o160 B0.(85). |
PKSim -6.4 (2) 1.7 70 (90) 1.6 80 (B5)
Current Pfizer Approach -3.8 (3) 1.6 75 (B5) 16 BO (85) ©The Author(s) 2019
SimCYPF — him 5.6 (4)* 15 80 (85) 2.5 58 (74)
SImCYP = rhCYP 7.8 (5)* L i B0 (95) 2.4 55 (B65) ]
ChlogPK 8.5 (6)* = = 1.7 70 (80) : | Understand compound based on an in silico assessment(QSPR + human PBPK model) |
Summary of Oral profile prediction accuracy AFE-> Average Fold Eror W ; .
PROEILE AUC Crmax Use BCS'/BDDCS?/ECCS® to Use ECCS* to determine
APPROACH Weighted sum of P 3% within 2-fold error — 6 within 2-fald £rror compound type? determine arameters clearance mechanism
squares (RANK) (3-fold emror} (3-fold emror) Hydrophilic?
| T coomme. | e8al. |27t | soem | [ee | Termmyo o] St Weakly e sk etioc? g
Current Fiizer Approach -5.3 (2) 39 33 (56) 2.5 44 (61) Amphoteric? EE::IIIIIIT:; Permeability? Hepatic uptake?
SIMCYP - thCYR -3.7(3) 3.0 56 (67) ) 81 (72) Neutral? Very lipophilic? Transporters? Hepatic uptake or Renal?
SImCYP - him 5.7 (4)° 36 41 (53) 27 53 (58) — -
‘ = PBPK Parameter Sensitivity Analysis
e atey a4 i o BT SR Foracd Tubility | h.Forb iderth f Gl tract binding & 1 Tpartitioni
= or acids assess solubilityin stomach, For bases consider the impact of enterocyte Gl tract binding & lysosomal partitioning
ChloePK 7.0 (BJ 2.8 39 (50} 2.4 50 (61) For BCS Class || & IV compounds solubility likely to be an issue so assess impact of aqueous and biorelevant solubility
o \ pos i | . 1 - ' For compounds with a Dissolution No. (Dn)* warning an assessment of the effect of particle size will be required
%:l — ——— 5 ] n L] For basic compoundsif precipitation ispredicted in the small intestine then precipitation kinetics likely to be critical®
Time post-dose (hy For BCS Class 111 & IV compounds permeability likely to be an issue so measure in vitro permeability in an assay with an
established conversion to in vivo permeability
+ For low permeability compounds transporters could have an impact, especiallyif QSPR classifies compound as a substrate
To predict systemic distribution measure log P, pka and Fu,, and in addition, for bases, measure BPR
For metabolically cleared compounds establish an IVIVE usi reclinical species
Cole etal, 2008 — Asian ISSXMeeting
Jones et al. 201L Clin. Pharmacokinet. 50(5): 331 Miller et al., (2019) Clin Pharmacokinet 58(6):727-746
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Pharmaceutical Risk Assessment Strategy:
Proposed by Roche mn 2006
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EUROPEAN JOURNAL OF PHARMACEUTICAL SCIENCES 27 (zo006) 9199

S EURDFELN JOURMAL OF

available at www.sciencedirect.com PIL“M“UE[“[I“J
SUEVCES

sctﬁncﬁ@n|nﬁc-f. E:mlmrm

o

journal homepage: www.elsevier.com/locate/ejps

A strategy for preclinical formulation development using
GastroPlus™ as pharmacokinetic simulation tool and a
statistical screening design applied to a dog study

Martin Kuentz*, Sonja Nick, Neil Parrott, Dieter Rothlisberger

F. Hoffmann-La Roche Ltd., Pharmaceutical and Analytical R&D, Bldg /Lab. 072/338, Grenzacherstr., CH-4070 Basel, Switzerland

Key takeaways:

1y 2y
Activities 1]2]3]4[5]6|7[8[o]101112

-
[ %]
w
-
o
o
-~
(o |

Lead optimisation and pharmaceutical profiling

Early pharmacokinetic studies. Modeling and
simulation of the animal data

Clinical candidate selection

Formulation development for GLP studies H
or IV compounds |
Decision point for clinical formulation concepts | /

Clinical formulation development
(standard and/or specialised formulations)

New additional assessment program for BCS class ILIIl |
Clinical manufacture, packaging and release |

First human dosed following regulatory time slot ‘ ‘

Two step assessment program:

(1} Insilico model (in view of human situation)

(2) Invivo studies (animal model) where experimental formulations (maximal
biopharm. difference targeted) are tested in a statistical design

Fig. 1 - Gantt chart of the relevant formulation development activities including the new additional biopharmaceutical
assessment program.

* Relevant formulation development activities should include additional PBPKmodeling step

* Meaningfuldevelopment resources can be assigned one year before the first-in-human study

Kuentzet al. Eur. J. Pharm. Sci. 2006.27:91-99
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Pharmaceutical Risk Assessment Strategy:
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0.3 - i 1 00_[} —t 'IOU.OI
| Drug absorbed ! s @& B_=3_ = um
—a
|| a -ai 7504
0244 f Solubility in SGF at 2 -
5 T b z
=) Q Drug dissolved n i 3 5004
E 0.184¢ 2 Bioavailable drug =
z < 50.0 N\ g
= g o 25.0
£ 0.124 2 |
& . E
Solubility in T ar 0 — ' . . |
0.06 FaSSIF at RT g’ 05 50 50.0
/ E Partice size (um) [light squares]
" . . ] ‘ .
0.0 } ! , ' : ' : 0.0 4 T T I T 0.002 ' ' 0.02 ‘ ' 02
00 20 40 60 B0 1.0 120 14.0 0.0 3.0 6.0 9.0 12.0 Solubility (mg/mL) [dark squares]
pH Time {h} Fig. 6 — Parameter sensitivity analysis of the oral
bioavailability (%) as a function of reference solubility at pH
Fig. 3 - Drug solubility vs. pH profile used as lower limit of Fig. 4 - Simulated drug amounts (%) for the 160 mg dose of fafif;g"(:g F:l::: ::::zz}’;:“;i:?)m: g:::;le
the solubility values of a set of computer simulations. R1315 in human. )

* BCS assessment suggested solubility enhancement would improve oralbioavailability

* Mechanistic Parameter Sensitivity Analysis was performed to assess the impact of changes to particle size and solubility:
e 0.5um < particle size < 50 um

* 0.002mg/ml<solubility<0.2 mg/ml

Simulation results indicated that particle size reduction or solubility enhancement by technological means may not lead to improved
bioavailability
Kuentzet al Eur.J. Pharm. Sci. 2006.27:91-99
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Pharmaceutical Risk Assessment Strategy:
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E E
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=

& 200/ g 2004 | |

Q o c |

S 150 m, S 150 Is |

gﬂ}[}-é‘l , 5100' ||I'q:.l_

§ o "35\% g o) RRe

o 0 = L - o = — -—

0 5 10 15 20 25 0 15 20 25
Time (h) Time (h)

Fig. 7 - Plasma levels of individual dogs that received a Fig. 8 - Plasma levels of individual dogs that received a
solution. Diamonds hold for profiles of 2mg/kg dose, capsule. Diamonds hold for profiles of 2 mg/kg dose,
whereas those of the 4mg/kg dose are represented by whereas those of the 4mg/kg dose are represented by
squares. The light symbols hold for the fasted condition squares. The light symbols hold for the fasted condition
and the bold symbols for fed dogs. and the bold symbols for fed dogs.

 Based upon the predictions from GastroPlus®, in vivo dog PKstudies were performed using two different formulations
* “Best”formulation: Cremophor vehicle solution

* “Worst” formulation: Pure drug substance in capsule

 While variability is high, there is no significant difference m AUC between the two formulations

Kuentzet al. Eur.J. Pharm. Sci. 2006.27:91-99.
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Formulation Screening and Dissolution Method Selection in
Preclinical Species
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Baseline modeldevelopment for

» lacidipine: rat and dog IV and PO
@Eéﬁ%’%ﬁ suspension studies

RSC Advances

PAPER View Artici Oniine i, oy e :
CrossMark Interspecies prediction of oral pharmacokinetics of P . :
different lacidipine formulations from dogs to - g

crens AR 2B BH T human: physiologically based pharmacokinetic B R I

modelling combined with biorelevant dissolution

= Rat po-Predicted
O Rat pa-Observed

Chunnuan Wu,? Longfa Kou,” Pangin Ma,” Lifang Gao,? Bo Li,” Ran Li,* Cong Luo,®
Jianzhong Shentu,® Zhonggui He? and Jin Sun**

20

Daog plasma concentration (ng/mL)

Rat plasma concentration{ng/mL)

o 2 4 & & 10 12 ®

Time (h)

Time (h
o Fig. 4 Simulated and observed (N — 4} dog plasma concentration—
Fig.3 Simulated and observed (N — 4) rat plasma concentration—time  time profiles after iv bolus administration of a 0.5 mg kg ' dose of
profiles after iv bolus administration of a 0.05 mg kg ' dose of laci- lacidipine (A) and oral administration of a 2 mg kg~ dose of lacidipine
dipine (A) and oral administration of a 2.5 mg kg™ dose of lacidipine  suspension (B) the observed data were collected form literature??).
suspension (B) {the observed data were collected form literature™).
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Formulation Screening and Dissolution Method Selection in
Preclinical Species
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Dog PK data after PO administration of different tablet formulations was used to select the biopredictive in vitro
dissolution experiment 100

—#— Formulation A-FaSSIF
=0 Formulation A-FaSSIF-V2

Table 1 Compositions of blank FaSSIF, FaSSIF and FaSSIF-V2 g —k— Formulation B-FaSSIF
= 60 =& Formulation B-FaSSIF-vV2
) L. - P P 2 —&#— Formulation C-FaSSIF
Composition Blank FaSSIF  FaSSIF  FaSSIF-V2 £ ~&= Formulation C-FasSIF-V2 Table 3 The Z-factor values in different dissolution media for the
g o ; iy -1 .—1
Sodium taurocholate (mM) 3 3 £ 40 three lacidipine formulations {unit mL mg™ s™)
Lecithin (mM) — 0.75 0.2
Maleic acid (mM) — — 19.12 20 Formulation A Formulation B Formulation C
NotlarO, (M) g g I ST —
NaCl (mMm) 52.87 52.87 68.62 FaSSIF 0.010 0.059 0.021
NaOH (mM 4.35 4.35 34.8 0 T T T T T | i -
. (mM) a3 435 .8 S S A FaSSIF-V2Z  0.012 0.199 0.045
Time (min)
Fig. 1 Dissolution profiles of three lacidipine formulations in bio-
o i relevant dissolution media (data are mean + SD., n = 3).
‘ -
04 B
~ - = 14 C
=) o =L [
2 FaSSIF = — — FaSSIF = = = FaSSIF
B g =+ = FaSSIF-V1 o 16 — - —FaSSIF-V2 e — - —FaSSIF-V2
B " Observed - ®  Observed £ e
B b g = = Observed
=] ] = =
- g 12 g .l
£ E I E :
s 20+ 2 i s !
g z ! g I
= =4 8 ~'. 2 4
L= = . e Iy \
= E J E i .
E 10 A = =l = -
z B 4 *‘E - s 1_‘ @ N
= ~L 3 I . ] E | - e
3t ~_ = === 2 =
—_ 3 R S [ ] 5
= 0 T r i T e __I_ L ] 1 0 T T T T 1 ] T T T T 1
0 5 10 15 20 15 1] 5 10 15 20 25 0 5 10 15 20 15
Time (h) Time (h) Time (h)
Wu et al. RSC Adv. 2015)5;19844
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Dog ACATI and PKmodeltranslated to human

3.5
Data from biopredictive /n vitro dissolution

experiment used to successfully predict human PK

Formulation A-Predicted

O Formulation A-Observed
= = Formulation B-Predicted
=+« = Formulation C-Predicted

Human plasma concentration (ng/mL)

- B Formuikation A&
“ B Formulation B
2 - rm—e
L:f 40
m k h J ------- Dq' -------------- —
.:l [~ mi S J] | | I :
1 : A 15 20 25
fﬁw ﬁﬁf # ﬁ*‘? fins

Fig. 8 The simulated and observed human in vivo PK profiles for the
three lacidipine formulations using the Z-factor form FaSSIF-V2
dissolution media.

Fig. 10 Human compartmental absorption of the three lacidipine
tablets.

Wu et al. RSC Adv. (2015)5;19844
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The GastroPlus® PBPK Platform Is Validated Throughout Your Drug

Product’s Lifecycle

(1000+peer-reviewed journal articles reference GastroPlus® applications)
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Evaluation of the Success of High-Throughput Physiologically Based
Pharmacokinetic (HT-PBPK) Modeling Predictions to Inform Early
Drug Discovery
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Professional Development:
What a Great Time to be a PBPK Modeler
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DMPK Modeler
C4 Therapeutics s 2 reviews
Watertown, MA 02472

Apply now Q

Director, DMPK

Praxis Precision Medicines, Inc.
Charlestown, MA 02129 + Remote
Full-time

Apply now Q

Associate Director Modeling & Simulations
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PBPK Modeling Saves Resources in R&D and Regulatory Interactions

37 LONZQ

Small Molecules

Prioritize and Integrate data to Eliminate
make better tell a compelling unnecessary
investments story animal/human

studies

Improve
productivity to be
the first to

market

Reduce Improve patient
regulatory lives
burden

27 April2023



‘onza

}Small Molecules

Oral Absorption Risks and
Mitigation Strategies

27 April 2023



Solubility and Permeability are Key Underlying Mechanisms of
Poor Oral Absorption

3% LONZA

Small Molecules

Increasing Solubility

—_—

 Marketed Products —30% « Marketed Products —35%
e Candidates —60-70%  Candidates —5-10%

Iv I

Increasing Permeability

e Marketed Products — 10% » Marketed Products —25%
e Candidates —10-20%  Candidates —5-10%

Reference 1-Rene Holm (Lundbeck)2010 Improving Solubility, Reference 2 — Pharma A —Internal Data; 2004 —2008, Reference 3 — M.E. Brewster 3™ Annual Congress on Strategies to
Enhance Solubility and Drug Absorption 2008, Reference 4 — Pharma B —Internal Data; Oncology and Antilnfectives
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Solubility and Permeability Depend on Drug Physicochemical

| | 37" LONZa
Properties and GIPhysiology

Small Molecules

Drug Properties Physiological Properties

Image source: daviddarling.info
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Poor Solubility and Permeability can Negatively Impact in Vivo
Oral Absorption and Plasma Exposure

37 LONZQ

Small Molecules

Potential oral exposure risks @ With form/formulation mitigation @
g Low bioavailability
g
275
o 2
o O
= 8
= 2 Without ARA/Food
a ..@’i\* —— —— S
Time ®
& With ARA/Food
ARA effect Food effect 8
E € | Fasted e
. S Fed (positive)
o0 '8 Without ARA =
SO £
o £ 5 S Fed
3 % e (negative)
[ )
S =
Time a) Time Time
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Several Formulation Strategies Exist for Mitigating Poor Oral
Absorption Through Solubility Enhancement

37 LONZQ

Small Molecules

Solid-State Alteration: : : :
Form, Particle Size New crystalline compound Solvation, Complexation

& Polymorphs & Co-crystals @ Co-solvents
@ Amorphous solid dispersions 9 Salts @ Surfactants
& Micronized drug @ Cyclodextrins
@ Nanocrystals @ Lipids

< y 8

H.D. Williams et al. “Strategies to Address Low Solubility in Discovery and Development,”PharmacolRev,652013)315-499

27 April2023 Public



-

Shza

g Mmall Molecules

Lonza PBPK Modeling
Services

27 April 2023



Lonza PBPK Modeling Services Key Outputs for our Clients S+

LONZA

Small Molecules
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Identify drug absorption risks

Recommend absorption risk mitigation
strategies

Inform/De -risk preclinical/clinical study
outcomes

Public

e.g.solubility, dissolution rate, permeability, food effect, pH-
dependent ARA effect

e.g.salt, cocrystal, amorphous solid dispersion

o
- S
<%0

e.g.dose, formulation, food, pH-dependent ARA impacts on
exposure



Lonza PBPK Modeling Services Key Components S+ LONZA

Small Molecules

: : @ : : : .
Established ADMET Predictor® and A GEpOnShie 56t GRcustiom ond ke Vast experience in APIsynthesis, solubility

GastroPlus® modeling and simulation ..
. & “ shelf in-vitro performance tests

software T

enhancement, &formulation
development

15+

Regulatory agencies
with reviewers
trained on software

200+

Companies licensing
worldwide

> 10ASDs developed that have
progressed to market

300+

countries with access
to software

120+

Services projects
executed over past 12
months

« >20 patent families in ASD/SDD
space

700+

Scientists received
software training
over past 12 months

80+

Peer-reviewed
journal publications
over past 12 months

« > 230 therapies in clinical
development in 2022

e ~140 commercial scale small

molecule projects supported in
2022

fSimulations Plus, Lancaster, CA (Simulations Plus | Modeling &
Simulation Software (simulations-plus.com))
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Lonza’s Custom and Off-The-Shelf in Vitro Bioperformance

Toolkit

37 LONZQ

Small Molecules

Dissolution

Amorphous solubility

* Amorphous “solubility” * Dissolution rate
* Precipitation risk * Precipitation rate

* Speciation

Formulation and Development Strategies for Amorphous Solid Dispersion Drug Products | Confidential |3 September 2020

27 April2023 Public

Membrane flux Controlled transfer

dissolution
* Impact of dissolved species on e Impact of dynamic pHand
diffusion transit on dissolution

- Rate-hmiting step to precipitation rate

absorption



PBPK is Part of a Suite of Lonza Services that Streamline Drug
Development

37" LONZa

Small Molecules

|

Drug Substance

‘ Preclinical

Solid Form Services PBPK Modeling Services Particle Engineering O’ ““““

G U ‘

Drug Product

&
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Early APl Absorption Risk Assessment — Model Drug Posaconazole S+ LONZA

Small Molecules

Posaconazole
™~ Inputs Outputs
OH N-._/ @ O
* APIstructure * Barriers to
F F absorption
* Crystalline
solubility * Percent dose
. - absorbed
 Azole antifungalagent « Amorphous
solubility . Potentia'l
« Brand name NOXAFIL® food/acid-
reducing agent
e Oraldosages of 100 —400 mg per T (ARA)effects
administrationt
tMultiple daily dosing
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Posaconazole 1s a Lipophilic Weak Base with Solubility-Limited
Absorption

37 LONZQ

Small Molecules

In vitro solubility Developability Classification System (DCS)

T lla
~ 1 0000 Dissclution rate limited
g 1251
o
= 1000
=, —
> 100 ® Aqueous 5 . _
2 : S el 50 500
3 ° crystalline S ﬁ .j .F”b
= 10 solubility o Salubility limited
2 ° ° © 6.7 mM bile salts E
o 1 & 054
& ) = ¢
> 041 ° 5
= ' £
0 5 10 2
pH T oap
T
oo i ikely e v
° pH-dependent SOIUblhty 0.02 Fe:rm:u:la:t:l:o:r:]}unl:ke:l&:t:c?:?:c}fect:ex:p:o:s?:r::l b HHH
° POtCl’ltlal fOI. pI'eCIP 1tat101’1 01 1 10 100 1E+03 1E+04 1E+05 1E+06
* High extent of bile salt micelle partitioning Dose/solubility [mL]

Ref: Butler & Dressman JPharm Sci, 2010
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Projected Percent Dose Absorbed m Fasted Humans is Low and
Sensitive to Key Variables
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Parameter sensitivity analyses

) Gastric pH Precipitation
* Fasted human physiology
50 | 50 [
 IRtablet o | 2 |
e 25 um particle radius = 40 : = 40 :
. - - o 5
S+P.;=2X10"*cm/s § 30 : 100 mg §§ 30 :
= | o = |
) o, o
2 20 < & 20
O 8 < |
Q' <
Dose <10 1\\ 400 mg 'é 10 |
= | . |
100 = o | 2o !
'(% 1 2 3 4 5 6 0 25 50 75 100
75 Gastric pH Mean precipitation time (min)

| |
| |
| |
| |
| |
| |
50 | |
| |
25 N !
| : NOXAFIL OS (crystalline oral suspension)
| |

0 bioavailability: ~8%—47%*
0 200 400 600 800 1000
Dose (mg)

Simulated perent absorbed

*Ref: Lipp, Mycoses. 2008
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Posaconazole has Potential for pH-dependent DDIs with ARAs
and Food-Drug Interactions

37 LONZQ
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Change in % absorbed with ARA-induced Change in % absorbed with fed-induced
physiology (100-mg dose) physiology (100-mg dose)
With acid reducing
30 | Fasted agent (e.g. ARA) %, 40 L7 X 15 X
= |
S | % ~ 30
= 5 20 ar:
22 | 2 S 20
93 ' = o
2@ I s < 10
s<S10 | g -2 X
= | o
£ | 0 —
A : Fasted Increased With gastric Increased
0 gastric fats gastric pH
1 2 3 4 5 6 residence
Gastric pH time
NOXAFIL OS: exposure | 30% w/ARA* NOXAFILOS: exposure 1 2.5-to 3-fold with a meal**

*400 mg single dose, ref: FDA label *100 mg, single dose, ref: Krishna et. al. Antimicrob. Agents Chemother., 2012
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Evaluatimg Amorphous Form of Posaconazole to Mitigate

Absorption Risks S -+ LONZA

Small Molecules

* Measure posaconazole amorphous solubility

pH6.5 w/6.7 mMbile salts

100

30 X

10

.

Crystalline Amorphous

Solubility (ug/ml)

Lonza custom in vitro solvent shift UV assay
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Projected Percent Dose Absorbed is Improved for Amorphous
Form Compared to Crystalline Free Base

37 LONZQ

Small Molecules

Fed physiology impact 400 mg

T
Gastric pH impact 100 12 X

Parameter sensitivity analyses 100
* Fasted human physiology

 IRtablet
e 25 um particle radius

Amorphous — 100 mg

(

Simulated percent absorbed

75

Amorphous —400 mg

1X
75
|
|
I
50
50 : 0.5 X
I
| 25
25 Crystalline — 100 mg
I .
|
0
I

Simulated percent absorbed

Dose
100
0 Fasted Increased With gastric Increased
Amorphous 1 2 3 4 gastric fats gastric pH
75 Gastric pH residence
time

50

NOXAFIL delayed release (DR) tablet (amorphous):
Crystalline « Exposure T 3fold vs. NOXAFILOS fasted*
* Exposure 1.1-to 1.5-fold with food*¥
* Exposure A with ARA**

25

Simulated percent absorbed

0 200 400 600 800 1000

Dose (mg) *100 mg, single dose, ref: Krishna et. al, Antimicrob. Agents Chemother., 2012
1300 mg, single doe, ref: Kersemaekers et. al, Antimicrob. Agents Chemother., 2015
**400 mg, single dose, ref: Kraft et. al, Antimicrob. Agents Chemother., 2014
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Posaconazole Projected to be a Favorable ASD Candidate

37 LONZQ
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1E+2 1.7
CRYSTALLINE
1E+1
— 1.6
E 1E+0 A Group I: Crystallization Challenge
) 1.5
£ 1E-1 lbuprofen o
Q
2 1E2 * NANOCRYSTALS 8¥14 |
5 Jetoconazole c x | Group II: Centerline
—g 1E-3 Indomethacin A Ritonavir I—tml.S | () Group IV:
< [ ASD _S = Posaconazole Dissolution Chal e
S 1E-4 B
S Posaconazole N 1.2 FGroup INi: High Loading
3 1E-5 = I
< v 11 f
SEDDS =
1E-6 A Itraconazole . ) ) B
Vltamln : 1 1 1 1 1 1 1 1 1 1
187 — 1 3 5 7 9 11
1 3 5 0ep 9 11 logP
g og Mol. Pharmaceutics,

Pharmacol Rev, 65 (2013) 315- 5(6),2008,1003-1019
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Posaconazole ASD Tablet Outperforms Crystalline Oral S+ LONZQAQ
Suspension In Vitro

Small Molecules

0 0 0 Add concentrated
Posaconazole ASD tablet In vitro dissolution test intestinal solution
e.g.after 30 min

* Non-sink d trati
« 75/25 (w/w)posaconazole/Eudragit® L100 ASD granulated with . 538 ;mzsoosz/iglncen rHen
HPMCAS-H * pH2 > pH6.5w/6.7 mMbile salts
* 25%drug loading in tablet
100 Gastric Intestinal
« IRtablet (I-min disintegration) ] | medium medium
I
. =) I
* Physically stable ASD g 75 I
0 |
% I ASDtablet
NOXAFIL® OS £ 50 - ;
| : i
* 40 mg per mLcrystalline posaconazole 2 25 |
S : NOXAFILOS
* IRsuspension S
0 ; T T T 1
0 30 60 90 120 150
Time (min)
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Using PBPK Modeling for Preclinical Study Design & Risk Mitigation

LONZA

Small Molecules

Posaconazole
Drug product formulations

ASD tablet | )

NOXAFIL OS

NOXAFIL
APOSACONANYE]

Image: media.empr.com
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PBPK inputs

APIstructure
Crystalline solubility
Amorphous solubility
In vitro dissolution
Caco-2 P,,.*

In vivo data (IV
bolus)**

Public

Lonza internal
calculator

T

* Hens et. al, Mol Pharm, 2017, **Nomier et. al,, Antimicrob. Agents Chemother.,2000

Outputs

Plasma exposure

Amorphous
enhancement

Sensitivity to
physiological &
formulation
variables



ASDtablet projected to outperform crystalline suspension in

fasted dogs S+ Lonza

Small Molecules

PBPK model - GastroPlus® v9.6 100 Gastric pH=2

E Amorphous
. <
 Fasted dog physiology " 10 Crystalline
100 mg single dose =2
 Bottom-up E
* No optimization 8 1
< 0 10 20 30 40 50
Precipitation time (min)
_ 100 Mean precipitation time =15 s
PSA results: ASD tablet vs NOXAFIL OS: E Amorphous
;D 10 Crystallin
| Sensitivity to gastric pH & precipitation S W
i
| S
AUC by 2-to 15-fold (gastric pH 1-2
T y (g p ) 2 ) 5 3 4 5

Stomach pH
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ASD Tablet Achieves 2-Fold Improvement in AUC in Pentagastrin-

hicves 2- me ) Lonza
Treated Dogs in Line with PBPK Projections

Small Molecules

3.5 * 100-mg (10 mg/kg)dose, n=6

3 * Crossover study, I-week washout
é 25 ASDtablet
< %
3
= 2
.2
=
*E 1.5 Crystalline
3 suspension
=
o
o

05 I\r |
0 ——e
0 10 20 30 40 50 60 70
Time, h
. AUC p-value , .
Treatment Crax (Hg/ml) AUC ;5 1, (Hg*h/ml) (relative to crystalline) PBPK simulated range in AUC
ASDtablet 2.7 82 0.008 57-63
Crystalline suspension L3 37 n/a 39-37

Mudie et al. Mo/ Pharm 2020, 17, 12
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Conclusions

Posaconazole Case Study

37 LONZQ

Small Molecules

Successfully used PBPKmodeling and in house in vitro tools to:

27 April2023

Identify poor oralabsorption of posaconazole

Forecast amorphous form as viable strategy to increase
absorption and decrease sensitivity to physiological variables

Develop robust posaconazole ASDtablet formulation that
outperforms crystallne suspension

Set expectations for dog study by forecasting exposure
enhancement of ASDtablet compared to NOXAFIL OS

Public

Milligrams of API
~lweek
no in vivo data

Grams of API
~3 months
Ipreclinical study
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Study De-risking
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Preclinical Study De-risking — Acalabrutinib Case Study S+ LONZQA
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Gastric pH - Gastric pH -

& fasting on ARAs
CALQUENCE (hours) 10

(acalabrutinib) 100 mg capsules e

= 1
Bruton tyrosine kinase inhibitor indicated for oncology £
(o)}
S
N’
£
S o1
Plasma AUC reduced by 43% when taken with PPT* 03) '
Crystalline
acalabrutinib*
Patient t avoid taking with PPIs or other ARAs 0.01
atients must avol akKmg wi Oor otner 1 2 3 4 5 6 7 8
pH
Images from www.Calquence.com (accessed June §,2021)
*Calquence FDAlabel *Pepin et al. Eur J Pharm Biopharm 2019 Sep;142
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Acalabrutinib ASD Tablet Developed to Overcome pH Effect

37 LONZQ

Small Molecules

50/50 acalabrutinib/ HPMCAS-H ASD in IR tablet

Good stability

60% smaller than Calquence capsules

27 April2023 Public

ASD tablet design Q In vivo study goals W

Mitigate pHeffect using ASDtablet

Match plasma exposure of fasted CALQUENCE® using ASD
tablet

Show pH effect with Calquence



ASD Tablets Achieve Performance Goals In Vitro S+ LONZQAQ
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100 mg dose . .
X (lmg/mldgose conc.) Gastric Compartment, pH 2 Q Intestinal Compartment
1000 - 600 -
~ Calquence capsule ~
Gastric £ 8001 b P E Calquence capsule
compartment g_> 600 - ASD g 400 -
I5-mint, pH2or6 -5 400 | iy -5 ASD
= ablet ® 200 -
€ 200 - E tablet
@ o
[&] [&]
g 0 T T T T g 0 T T T T
o 0 20 40 60 80 o 0 20 40 60 80
Time (min) Time (min)
Intestinal - .
compartment Gastric Compartment, pH 6 Q Intestinal Compartment
pH6.5 + SIF’
375 375
= -
£ 300 | E 300 - ASD Tablet
1= [s)
2 505 . ASD Tablet 2, |
S 150 | § 150 Calquence
compartment £ ! Calquence g capsule
8 ¢/~ capsule g 757
c 0 c
8 ' ' ' ' 6 0 : . . .
0 20 o 00 80 ° o0 20 4 60 80
Mudie et al. Pharmaceutics 2021, 13(4, 557 ime (min) Time (min)
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PBPK Predictions — Gain Confidence in Formulation Identified
From i Vitro Testing

37 LONZQ
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5,000
PBPK model - GastroPlus® v9.8 _
E
2 4,000
Fasted d hvsiol < ASD tablet, low pH
. asted dog physiology = A\
- £ 3,000 \ i
e 100 mg single dose = // ASD tablet, high pH
* Bottom-up %’ 2 000 Il \\\ Calguence capsule, low pH
* No optimization £~ ! .
5 1,000 1 [/ .
g e X _ Calquence capsule, high pH
I, ==
0 T T T T 1 1
2 4 6 8 10 12

Model inputst

e In vitro dissolution

* MDRI-MDCKP,*

* In vivo data (oralsolution)**

» APIstructure
* Crystalline solubility
 Amorphous solubility

tMudie et al. Pharmaceutics 2021, 13 1257, *Pepin et al. Eur J Pharm Biopharm 2019 Sep;142, ** Podollet. al, Drug Metab Dispos, 47 2019
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v' Mitigate pHeffect
v' Match exposure of Calquence at low pH
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In Vivo Data Matches Bottom —up PBPK Predictions for
Successful Pre-Clinical Study
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Overnight fast,n =6, crossover study,
1- wk washout

100 mg dose

AUC, ;s within 10% for ASD tablet at low and high
pH

5,000 -

4,000 1 ASD tablet, low pH* @ Good prediction accuracy (absolute average fold

error of AUC,, ;s <2)

3,000 - \\ ASD tablet, high pH**

2,000 +

Acalabrutinib concentration (ng/ml)

@ Overcame pHeffect on the first try using PBPK

-_—
o
o
o
0
=
a
c
o)
>
Q
o
Q
o
e,
@
=
o
=)
Q
=y
e
T
*
*

— ———
_——
-~

0 2
0 2 4 6 8 10 12
Time (h)
*6 ng/kg subcutaneous pentagastrin, ** 40 mg oral famotidine Mudie et al. Pharmaceutics 2021, 134), 557 &Mudie et al. Pharmaceutics 2021, 13 1257
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Overall Conclusions
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Sl Saving Time and

Small Scale and Earl Informed
y =gy Money
Absorption Risk Assessments Root cause analysis Reduce the need for reformulation
, - , , and/or repeated in vivo studies
 lweek assessment time * ¢.g.solubility, dissolution,
permeability limited * ~0.5-2.0M$ &6-9 months for

10 -100 mg API reformulation, clinicalreadiness

and clinical supplies
Mitigation strategies

* ¢.g. ASD, salt, cocrystal,
micronization
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