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Imagining the Future




Patient-Centric Approach

« Children!!!

« Parents

« Caregivers

« Healthcare providers
* Payors

* Regulators

* Health authorities

* General public

I » Pediatric Quality Target Product Profile




CMC-Centric Approach

 Formulator in “driver seat”!

 Partner with clinical
pharmacology

— Progress in modeling and
simulation

— Dose, dosing, age-groups

Cross-Functional
Team Management

Walsh et al. Br. J. Clin. Pharmacol. 2021 (C4C Expert Group)

Schaufelberger in “Pediatric Formulations — A Roadmap”
Springer; Batchelor & Rose, Eds. 2026




Imagining the Future

Therapeutic/indication focus

Formulation focus

Innovative NMEs & FORMULATIONS

» Small molecules

» Large synthetics

» Biologics: mAb, mRNA
» Biologics: vaccines

» Gene, cell therapies

This Workshop

Next Workshop?

Innovative formulations off-patent products




Oral Peptide Delivery — GLP-1 Agonists

TIME

* Critical role of excipients!!
* Model for other therapeutic

classes?
. Consequences for pediatric e locs
. Transform
formulations? Sicait




SNEAK PEEK
E p H A R M»/\ From Intermediate Results of the

Which technologies will have
the greatest impact on formulation

development by 2030?
(Select up to 3)
()  Livid-based formulations 51.5%
& Oral biologics 47.0%
B Gapesions (ASDS) "
§ RNA delivery systems eoss—" 27.3%
@ 3D printing ——— 24.2%
,0‘ Long-acting injectables e— 21.2%
® fyc;rl\zrr:lsled release —— 19.7%
o Hot melt extrusion —es— 16.7%
Nanomilling — 16.7%
u Spray drying e ——s 15.2%

https://www.linkedin.com/pulse/future-pharmaceutical-
exci plents—20262030—ph i“ppe-tSChOpp-Cnge/ .g We're collecting insights from formulation

development experts across the industry.

Stay tuned for the full report coming soon!
Accessed 12 June 2026




Pivotal Role of Excipients - Vision for Innovation

Inactive -> . Irpprovi_ng 3
Improve -> blo'avanllab.lllty |
* Delivering increasingly

Transform complex molecules
« More effective and
e S differentiated drug
@= — = products.
— « Enhancing patient
& - convenience and
adherence
e =——= * Delivery = core
— strategy, differentiation,

i‘-‘i’“‘if creating intellectual

- e property

Ref: Philippe Tschopp, PE The Excipients Week, Feb 9, 2026
(1) Advanced Drug Delivery Platforms: The Next Frontier in
Precision Therapeutics | LinkedIn

FOR PEDIATRICS:
Existing Excipients:
> “Accelerate to Zero”
> Expand age-ranges
> Set boundaries

New Excipients
> Enabling, not inhibiting innovation

Design of New Excipients

— API and formulation specific
Pre-competitive collaboration
& Al supported processes &
systems



Pediatric Oral Extended-Release Products
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Pediatric ER formulations: US market landscape

= FDA Pediatric Labeling Changes database (1998-2023)

= N=42(16%) of 266 ; >1/3 for ADHD, > 1/10 for seizure

= 89% minimum age = 6 (or higher)

Ong et al. J. Pharm Sci 115 (2026) 104319

https://doi.org/10.1016/j.xphs.2026.104319

hong02@amgen.com (H.J. Ong, Drug Product Technologies,

Amgen Inc.)

TRENDS

* More pediatric ER products
* Increase in therapeutic scope
 Go below 6 y of age

* Innovation delivery systems, e.qg.
mini-tablets, gastric retention

CALL for ACTION

* More pre-competitive collaboration

» Pooling resources, sharing data,
standardizing procedures



Age-appropriate: School Day
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CONCERTA® (methylphenidate hchl)
I Prescribing Information (FDA)




“Blood Thinners”: Age-Appropriate Dosing Flexibility

Oral Solid Dosage Form: Oral Liquid Dosage Form:
Dabigatran etexilate Xarelto® rivaroxaban

Oral Pellets 20, 30, 40, 50, 110, Oral Suspension 1 mg/ml

or 150 mg/packet From birth

>3 month

& CERTADOSE
Simply do no harm,

Parenteral:

AbelaCimab (FXl) “Concentrate for Inspired b Broselow pediatric emergency tape
dilution” s.c., i.v.

PIP: >1 mo Goldenberg et al. 2026 — J. Thromb. Haemost. DOI: 10.1016/j.jtha.2026.04.003
“Development of new antithrombotic drugs for children (part1)”




Changing Routes of Administration

Parenteral-to-Oral
* GLP-1 agonists

— BA enhancers ok for children?

Oral-to-Parenteral

« Anti-retroviral agents
— e.g., lenacapavir long-acting injectable (6 mo)

« How long is “long”?

»Consequences for pediatric products?




Emerging Technologies: Minitablets

e 2-3 mm diameter

« ODS or dispersible

* Uncoated, coated \

 Sprinkle capsule or stick -
pack

* Dosing devices?

* Neonates?

» Terminology?

www.ondosis.com

(example)




Taste Masking
REALLY BAD: bitter blockers?

BAD: coating techniques

OK: sweeteners/flavors

Al/ML-based
predictions?
Monell Chemical Senses Center www.monell.org




(Re-)Emerging Technologies: Oral Dispersible Films

Klingmann et al. 2020 — Eur. J. Pharm. Biopharm. “Acceptability of an orodispersible film compared to syrup in neonates and infants. A
randomized controlled trial in neonates and infants”

Purdy et al. 2025 — AIDS Care. “Maternal and health care worker preferences for paediatric antiretroviral formulations in neonates
exposed to HIV”

Zuplenz® (Ondansetron) 4 mg, 8 mg Oral Soluble Film, MonoSol Rx® Technology; Children > 4 years; Prevention of nausea, vomiting
associated with cancer chemotherapy



Emerging Technologies: Needle-free Injection

Liquid Jets Microarray Needle Patches (MAP)

r\
- ®

2.0 ml high viscosity (50 cP) mAb

Fine jet stream, SC administration
Comparison to needle/syringe SC and IV
(pig skin model)

“A microneedle vaccine printer for
Josowitz, Manoj et al. thermostable COVID-19 mRNA vaccines”

Bioeng Transl Med. 2025

Vander Straeten et al. 2023, Nature

Biotechnology
https://doi.org/10.1038/s41587-023-01774-z

PRIME® needle-free platform
www.portalinstruments.com




Emerging Technologies: 3D Printing

» Devices, components of delivery systems
« Commercial: SPRITAM® up to 1000 mg (Aprecia Pharmaceuticals)
+ Potential for patient-centered delivery, individual dosing

.Convermonul sized tablets B Chewable tablets

o éw ‘%0

st saguiad L LU S b L T
B Orodispersible tablets
B sprinklets

Review article on 3D
Printing in Paediatrics
Supposilones

Couti, lurian et al.
Pharmaceutics 2025 nn“

Figure 2. The distribution of papers reporting paediatric medicines manufactured by FDM 3D
printing expressed as percentages as a function of dosage forms: conventional-sized (a) [39], (b) [40];
minitablets (c) [41], (d) [42]; pastilles; chewable tablets (e) [43]; orodispersible films; sprinklets (f) [44];
and suppositories (g) [45].

I Minitablets

B Pastilles




Emerging Technologies: Temporary Tattoos?

* Drug-loaded temporary tattoos

* Inkjet-printed; NIR hyperspectral imaging

* Personalized pediatric treatment

« Example: pain treatment, lidocaine, prilocaine

B e | e [ T it | pettibin 3;

<, 7, 7$%,

3131%%% i Eder et al.

!& %% | | University Graz/Research Center
%R [ & ddlandd” 4 Pharm. Engineering GmbH

ASHINYS Sl L LE Int. J. Pharm 685 (2025) 126188

https://doi.org/10.1016/j.ijpharm.2025.126188

B Base layer + [ skin adhesive |+ ] Formulation + [l Protective film

I Printed motive




Future Technologies? a —

New Delivery? v
* Gastric retention 4

(LYNXTM)

Stomach, bottom module
Stomach, antrum module

Gastric pH/temperature probe

m O N0 e »

Gastric PVP (pecistaitic valve pump) train
Small intestine module 1

G Small intestine module 2

Small intestine pH/temperature probe
Hollow fibre filtration membrane

Small intestine level sensor

X Small intestine sampling port

Small intestine absorption port

™~ Stomach sampling port

Lopez et al 2026 Mol Pharmaceutics

- Oral BA

— Learning from nature:
> “Sucker fish”

> Cattle fish

New Methodology?

- Lab -> organ on a chip -> “baby on
a chip”?
- In vitro models, e.g., TIM® InnoGl

Prof. G. Traverso — presentation CRS-IC, February 2026

I Arrick et al. Nature 2024



Rebirth of Praziquantel — Arpraziquantel - Schistosomiasis

q Pediatric Praziquantel
»  Consortium nominated for
< PrixGalien Bridges Award

Racemic praziquantel ->
Pure (R) enantiomer

Tablet -> Dispersible Tablet

O

@

T

O MERRCK

www.pediatricpraziquantelconsoritum.org

Public-Private Partnership (PPP)

=» Active enantiomer
=» Reduced bitter taste

=> Age-appropriate



Commercial Challenges

@
Challenges:

Small patient populations
Difficult to develop

Not enough incentives?
Low volume forecasts

Supply chain: multi-use facilities,
# SKUs, obsolescence

Pricing, reimbursement?

Deliver the prescribed
dose at the right time,

every time
ALKINDI SPRINKLE® (hydroc:
granules is the first and ol thydocon

1 tmetd signed to help provide accurt
sing for newb orns and children with adrenal
fﬁcl iency.'

=4
Ref: www.alkindisprinkle. M&e&sed 2 2 026

A ‘7' 'f“ \
@ .

Opportunities:

Continue PIP & PSP mandates
Market exclusivity
Public-Private Partnerships

Philanthropy -> Technology
Platforms -> Commercial
viability -> Access



Al Vision Pediatric Formulation Development

P “Canwe bringitall

Agentic Al?
together for kids?”
Al/ML assisted 4 FDA:ELSA4.0, “HALO”
PK modeling | :

FDA: IID next version?

v

Virtual Assistants

. . 1
(for illustration) ! Proposed Enhancement
! Collaboration Al/ML?

1
! EuPFl & NIH (US) PERA ?

STEP

15th Annual Congress EuPFI September 19-21, 2023

“STEP-AI"




Trends Pediatric Formulation Development

« Towards younger children

« Age-appropriate oral solid
dosage forms

 Enhanced oral delivery

« Long-acting injectables

* Needle-free injections

» Central role of excipients
« Al will change everything
« Strong COLLABORATION

I:> YOUR IMAGINATION AT WORK!

PAEDIATRIC >
MEDICINES

uuuuuuuuuuuuuuuuuuu

Review 2020: Innovative
Delivery Systems for
Paediatric Medicines —
Technology Landscape —
UNITAID/WHO 2020

Link: Innovative delivery systems

for paediatric medicines:
technology landscape

Hannah Batchelon
Wl Hose Fufinors

“Pediatric Formulations” —
H. Batchelor, K. Rose, Eds. Pediatric
Springer, 2026

Pediatric Formulations: A Roadmap |

Formulations

Springer Nature Link




References

Arrick G, Sticker D, Ghazal A, Lu Y, Duncombe T, Gwynne D, Mouridsen B, Wainer J, Jepsen JPH, Last TS, Schultz D, Hess, K,
MedinaDeAlba E, Min S, Poulsen M, Anker C, Karandikar, P, Pedersen HD, Collins J, Egecioglu NE, Tamang S, Cleveland C,
Ishida K, Uhrenfeldt AH, Kuosmanen J, Pereversina M, Hayward A, Kirk RK, You S, Dalsgaard CM, Gunnarsson SB, Patsi |, Bohr
A, Azzarella A, Frederiksen MR, Herskind P, Li J, Roxhed N, Rahbek UL, Water JJ, Buckley ST, Traverso G. “Cephalopod-
inspired Jetting Devices for Gastrointestinal Drug Delivery”. Nature, 2024 https://doi.org/10.1038/s41586-024-08202-5

Couti N, lurian S, Porfire A, Casian T, lovanov R, Tomuta |. “Three-Dimensional Printing in Paediatrics: Innovative Technology for
Manufacturing Patient —Centred Drug Delivery Systems”. Pharmaceutics. 2025, 17, 1364
https://doi.org/10.3390/pharmaceutics17111364

Eder S, Wolfgang M, Zettl M, Wiltschko L, Raml R, Roblegg E, Spoerk M. “Inkjet-printed Drug-loaded Temporary Tattoos for
Personalized Pediatric Pain Treatment”. Int J Pharmaceutics 2025, 285, 126188 https://doi.org/10.1016/j.ijpharm.2025.126188

Goldenberg N, Berkowitz SD, Betensky M, Holzhauer S, Ignatovic V, Kiskaddon A, Schaufelberger D, Monagle P, Male Ch.
“Development of New Antithrombotic Drugs for Children (part1): Guidance from the ISTH SSC Subcommittee on Pediatric and
Neonatal Thrombosis and Hemostasis and the Pedi-ATLAS Group” J Thromb Haemost. 2026 DOI: 10.1016/j.jtha.2026.04.003

Josowitz A, Manoj AS, Laiacona D, Pelletier M, Moland D, Jennings S, Ng C, Antoni Ch, Chan G, Mahoney R, Patel S, Koehler-
Stec E-M, Retter M, Kantrowitz J, Rayaprolu B, Holowka E, Bhalla AS, Shameem M. “Feasibility and Pharmacokinetic Evaluation
of a Needle-free Injector for Delivering High Concentration Antibody Formulations”. Bioeng Transl Med. 2025
https://doi.org/10.1002/btm2.70063

Klingmann V, Pohly CE, Meissner T, Mayatepek E, Moltner A, Flunkert K, Breitkreutz J, Bosse HM. “Acceptability of an
Orodispersible Film Compared to Syrup in Neonates and Infants: A Randomized Controlled Trial” Eur J Pharm Biopharm. 2020,
151, 239-245. https://doi.org/10.1016/j.ejpb.2020.03.018

Ong HJ, Kiang Y-H, Bejgum B, Khorsand B, Alvarez-Nunes F. “Pediatric Extended-release Oral Formulations: A US Market
Landscape Analysis”. J Pharm Sci. 2026, 115, 104319 https://doi.org/10.1016/j.xphs.2026.104319




References (2)

Purdy C, Luke V, duToit S, Groenenald, Gagner L, Hesseling AC, Garcia-Prats AJ, Cressey TR, Bekker A, Viljoen L. “Maternal
and Health Worker Preferences for Paediatric Antiretroviral Formulations in Neonates Exposed to HIV”. AIDS Care. 2025,
https://doi.org/10.1080/09540121.2025.2592893

Schaufelberger D. “Al/ML in Pediatric Formulation Research — the Next Frontier?” Oral Presentation, 15" Annual Congress
European Paediatric Formulation Initiative (EuPFI), Glasgow, UK, September 21, 2023.

Schaufelberger D. “General Considerations for Pediatric Formulation Development: Setting Target Product Profiles” in “Pediatric
Formulations — A Roadmap” Springer; Batchelor & Rose, Eds. 2026.

Vander Straeten A, Morteza S, Daristotle JL, Kanelli M, Tostanozki LH, Collins J, Pardeshi A, Han J, Varshney D, Eshaghi D,
Garcia J, Forster TA, Li G, Menon N, Pyon SL, Zhang L, Jacob-Dolan C, Powers OC, Hall K, Alsaiari S, Wolf M, Tibbitt MW, Farra
R, Barouch DH, Langer R, Jaklenec A. “A Microneedle Vaccineprinter for Thermostable COVID-19 mRNA Vaccines”. Nature
Biotechnology. 2024, 42, 510-517. https://doi.org/10.1038/s41587-023-01774-z

Walsh J, Schaufelberger D, lurian S, Klein S, Batchelor H, Turner R, Gizurarson S, Boltri L, Alessandrini, Tuleu C.“Path Towards

Efficient Paediatric Formulation Development Based on Partnering with Clinical Pharmacologists and Clinicians, a
Conect4children Expert Group White Paper” Br J Clin Pharmacol. 2021, 1-18. https://doi.org/10.1111/bcp.14989




H
JOHNS HOPKINS

All Children’s Hospital
H B NN H B

dschaufl@jhmi.edu

all we do all for kids:
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