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Lab-made and scalable platforms to produce tailored products with features that meet the
specific requirements of children:

* microfluidics, prilling technology;

e direct powder extrusion 3D printing.
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The European Paediatric Translational
Research Infrastructure (EPTRI), started as
an EU-supported initiative (EU-EPTRI-ID n.

777554), is a distributed Research
Infrastructure (Rl) composed of several
research units grouped both within
Thematic Research Platforms - TRPs.

EPTRI is a non-profit research organisation
incorporated in the form of an Association
Internationale Sans But Lucrative (AISBL)

governed by Belgian law, based in Leuven.

https.//eptri.eu/
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€PTRI EPTRI - THEMATIC RESEARCH PLATFORMS (TRP)

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE

Integrated services are provided by the five
Thematic Research Platforms:
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Paediatric Paediatric Developmental Paediatric Paediatric
Medicines Biomarkers & Pharmacology Medicines Medical Devices
Discovery Biosamples Formulations
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€PTRI EPTRI - THEMATIC RESEARCH PLATFORMS (TRP)

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE

Thematic Research Platform: Paediatric Medicines Formulations

Coordinators

Catherine Tuleu Nunzio Denora Paediatric
University College University of Bari 'Aldo Medicines
London Morg’

Formulations
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€PTRI EPTRI — TRP — PAEDIATRIC MEDICINES FORMULATIONS

AR0PEAN PAEDIATIIC TRANSLANONAL RESEARCH INemaSTRUCTURE

This Paediatric Medicines Formulations TRP covers the gap in
medicines formulations tailored for children use in all
paediatric ages, facilitating the development of appropriate
age-specific formulations providing innovative technologies
for better and safer dosage forms for preterm neonates, infants,
toddlers, children, and adolescents.

# Pre-formulation advice and Pre-formulation i®  Fomulation of drug for paediatric use for
studies enteral routes of administration Paediatric
- o B _ _ Medicines
#  Forrnulation of drug foc paediatric use for (el Assessment and design of drug delivery B
non-enteral routes of administration systems tor enteral and non-enteral routes of Formulations
administration
[ Paediatric in vitro palatability assessment
i# Paedlatric Invivo palatability assessment
DEGLI STUDI DI BARI
EPTRI - General Assembly and Scientific ALDO MORO
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QRLBJ EPTRI - TRP - PAEDIATRIC MEDICINES FORMULATIONS

Funding Sources
Geographical distribution of Research Units = Private|

Both 4%
10% L —

Total Number of Research units: 29

Signed MoU: 18

EPTRI AISBL members: 3

Any type of agreement: 5
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ePTRI EPTRI - TRP - PAEDIATRIC MEDICINES FORMULATIONS

Ewsopean Pacmiataic TaANSUADONAL RESEAROH INFRASTRUCTURE

20 * Conventional APIs are more
Advanced Therapies 5 common than Biologics. The
Rare Diseases 18 most common APls —
»  Main Therapeutic areas — - L
Otolaryngology =1 _ ) . Antibiotics, Controlled drugs,
Psychiatry/Psychology =2 Infectious Diseases, Nutrition Cytotoxics and Proteins
Hepatology =2 and Neonatal/Paediatric
Rheumatology 3 . 10
Musculoskeletal 3 Intensive Ca re 9
Pulmonary/Respiratory 3
Haematology 3% «  More than 50% of the
Ophthalmology 4 . .
Nephrology/Urology 4 Research units work in ,
Immunology 4 Therapeutic areas that involve I
Endocrinology/Gynaecology 4 . )
Neurology . Rare Diseases g g % & 5 : g g
Cardiology/Vascular Diseases 5 *g E = = o ° § ng
Gastroenterology 7 5 E = 2 - = =
Neonatology 7 E % :
Oncology 8 8 % E
Dermatology 8 b
N tal/pacdiatric Intensi O(;her :g Conventional/small APls Biologics
eonatal/paediatric Intensive Care “
Nutrition 11 UN IVE RS ITA
Infectious diseases 11 4 DEGLI STUDI DI BARI
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GPLRI EPTRI - TRP - PAEDIATRIC MEDICINES FORMULATIONS

10 10 * Most common Targeted

24 Administration — Tumors

20 20
18
15 6
14
5
11
7 3

Oral solid Oral liquid Oral semi  Topical Injection Vaginal Nasal Pulmonary Other Tumour Brain Ocular tissues Bones/bone

solid

marrow
¢ Most common Routes of Administration - Oral and

Topical routes. Least common Routes of Administration —
Pulmonary and Nasal
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GP]RI EPTRI - TRP - PAEDIATRIC MEDICINES FORMULATIONS

e Most common Formulation

Other 1 N . C
Specialization — Modified Release,
Taste Making, Nanotechnology
BCS classification 4
Permeability studies 7

Drug-excipient compatibility and packaging

component compatibility 2
Drug Substance Characterization 11
Solubility enhancement 12
Modified Release Taste Masking Nanotechnology Targeted Drug Other
Accelerated Stability 12 Delivery

*  Most pre-formulation capabilities — Accelerated stability,
Solubility enhancement, Drug substance Characterization
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€PTRI

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRLICTLS

Common services that the Research Units can readily provide

Other services

Paediatric in vitro palatability assessment

Paediatric in vivo palatability assessment

Formulation of drug for paediatric use for non-enteral routes of
administration

Assessment and design of drug delivery systems for enteral and non-
enteral routes of administration

Formulation of drug for paediatric use for enteral routes of
administration

Pre-formulation advice and Pre-formulation studies

20

21

24 Lab scale

26

EPTRI - TRP - PAEDIATRIC MEDICINES FORMULATIONS

Laboratory scale is the most common
type of process development and
validation, followed by Non-GMP pilot
scale process development and
validation

1 1

Non-GMP GMP Sterile/Aseptic

Pilot scale

UNIVERSITA

DEGLI STUDI DI BARI
ALDO MORO

July 19th, 2024

EPTRI - General Assembly and Scientific
Meeting, Bari - Denora

13



e PTRI CASE STUDIES

* Budesonide case studies: cyclodextrin derivativities, prilling
technology and direct powder extrusion 3D printing for the
production of paediatric formulation;

* Microfluidic platform for the production of Lipid based
Nanoparticles:

a) Solid Lipid Nanoparticles for the brain delivery of the brain-
derived neurotrophic factor (BDNF);

b) Lipid Nanoparticles loaded with nucleic acids for the potential
treatment of rare paediatric disorders.

\ UNIVERSITA
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v' Budesonide (BD), a potent second-generation
glucocorticoid with local anti-inflammatory
action and reduced systemic side effects;

v BDis BCS Class Il drug;

o

WN v' BDis used for the local treatment of rare
paediatric diseases such as the Eosinophilic
Esophagitis (EOE) and the Eosinophilic Colitis (EC)
is a rare disease and as Inflammatory bowel
diseases (IBD) therapy in children.
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€PTRI BUDESONIDE CASE STUDIES

Eosinophilic Esophagitis (EoE) is anfigen-
mediated oesophagedl inflammatory
disease ftreated with a therapeutic
approach ranging from elimination of
harmful foods from the diet fto a
pharmacological therapy.

There are no commercial medicines
indicated for EoE paediatric treatment.

BD could be extemporaneously formulated
Qs viscous oral suspensions.

UNIVERSITA
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€PTRI BUDESONIDE CASE STUDIES

Thiolated hydroxypropyl-p-cyclodextrin as mucoadhesive excipient for oral
delivery of budesonide in liquid paediatric formulation
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Budesonide (10
w

o
54

0.05 010
HP-BCD-SH (M

Aim: To improve the current therapeutic proc’nce for the Iocol treatment of
EoOE in paediatric patients, a new mucoadhesive BUD-based solution was

realized using thiolated hydroxypropyl-p-cyclodextrin as solubilizihg and
mucoadhesive excipient. , UNIVERSITA

V. Laquintana et al. Thiolated hydroxypropyl-B-cyclodextrin as mucoadhesive excipient for oral delivery of budesonide : DEGL[ STUDI DI BARI

inliquid paediatric formulation. International Joumal of Pharmaceutics 572 (2019) 118820.
EPTRI - General Assembly and Scientific ALDO MORO
July 19th, 2024
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ePTRI BUDESONIDE CASE STUDIES

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE

b ®
/w M ” Hssbsopiertee cavin
o™
-
o O = R= OH, or SH
- -
=X =Moot "—"‘1’0"
o " *
- L
o
T ™ . ;%. Hrodroph e eepnioe 7
-
s A 141 B Sofubility {5) nnd Phase solubility studies at 25°C in water of BLDVHEP-f-CD
g‘_ s and BUDYHP-B-CO-SH complenss. Resulls ane exprested o8 mean = 5.0 of
% > BS three experiments.
'i' H g Sample 5 (1077 M) Ky (MY Eiope (ph R*
- 64 MO 44 A0 G041 © S (.59 I
14 " Aoy e TR 1o
HUD LOG0EE - - .
: AJ \J A : T v 1
060 0.06 o10 LA 000 0.03 0.10 o * wWater sofubiliy of BUTY with 100 mM of ofigomer.
HP-ACD (M) HP-CD-5H (M}

Pig. 4. Phvewe solobdity studbes of mcduson ompleans of BUD with HP-f-CD (A) and M0 (0 Bach vidue 5 the sverage of throe (ifferent eocpen -
ments = stanndard deviation,

UNIVERSITA

DEGLI STUDI DI BARI
ALDO MORO

V. Laquintana et al. Thiolated hydroxypropyl-B-cyclodextrin as mucoadhesive excipient for oral delivery of budesonide
inliquid paediatric formulation. International Joumal of Pharmaceutics 572 (2019) 118820.

EPTRI - General Assembly and Scientific

July 19th, 2024 Meeting, Bari - Denora

18



€PTRI BUDESONIDE CASE STUDIES

g
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Formulation
Porcine esophagus mucosa

Drug remained on oesophagus mucosa [%]

=

T T . -
0 20 | 40 1] 60

Tirme [min]
Fig. 11. Residence time of BUD in BUD/HP-B-CD complex (@), BUDAHP-B-CD-
aH complex (WD), and BUD as control (&) on porcine esophagus mucosa being
continuously rinsed with 100 mM phosphate buffer pH 6.8 at 37 °C and 100%
relative humidicy. e
UNIVERSITA
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V. Laquintana et al. Thiolated hydroxypropyl-B-cyclodextrin as mucoadhesive excipient for oral delivery of budesonide
inliquid paediatric formulation. International Joumal of Pharmaceutics 572 (2019) 118820.
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Pre-formulative  1€chnology
and formulative  fransfer
studies

The need
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€PTRI BUDESONIDE CASE STUDIES

Inflammatory bowel diseases (IBD)

IBD treatment usually involves: drug therapy, lifestyle and in extreme cases surgery.
The therapeutic approach is based on the use of anti-inflammatory drugs to reduce
localised inflammation.

BD is the drug of choice for the tfreatment of paediatric IBD.

Limits of the commercial formulations:
 Dose is more appropriate for adults;
« Asingle frigger, such as pH, could be not enough for a selective BD colon delivery

Budesonide Budesonide
Extended-Release  EXtended-release

Tablets Capsules

(Entetic Coated)
oo
ta ™

NIVERSITA
crush, or break. e U
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€PTRI BUDESONIDE CASE STUDIES

Colonic budesonide delivery by multistimuli alginate/Eudragit® FS 30D/
inulin-based microspheres as a paediatric formulation

ﬂ 43 Paediatric population
& |

ean?

T Dvug: Budaxonivle pH-apendem

3 S -~ y I'.::, :‘v 5
L f - "V- s" y ! ' I ::‘ ‘.. )’ 4 f [ '/
. 5 " -
" . - Time-dependent
% Micros m2F4—
icrospheres N ) 1

eTa v
Prilling =
techmque ﬂ

Microbsola-depondiont

Aim: To develop a colon-targeted budesonide-loaded multiparticulate that
can respond to parallel triggers resident in the colon and eligible as

paediatric formulation. UNIVERSITA
V. D’Amico et al. Colonic budesonide delivery by multistimuli alginate/Eudragit® FS 30D/inulin-based microspheres as a : DEGL[ STUDI DI BARI
paediatric formulation. Carbohydrate Polymers 302 (2023) 120422.
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Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE
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BUDESONIDE CASE STUDIES

Eudragit FS 30D is a  pH-sensitive
polymetaacrylate that dissolves at pH values
above 7.0;

Alginate is a polysaccharide that allows a
time dependent drug release for its ability to
swell in intestinal fluid;

Inulin is a bacteria sensitive oligo-saccharide
resistant in the stomach and small infestine
and degraded by enzymes produced by
resident colonic bacteria. In addition, inulin
exerts favorable properties in decreasing the
risk of IBD.

UNIVERSITA

DEGLI STUDI DI BARI
ALDO MORO

V. D’Amico et al. Colonic budesonide delivery by multistimuli alginate/Eudragit® FS 30D/inulin-based microspheres as a
paediatric formulation. Carbohydrate Polymers 302 (2023) 120422.
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ePTRI BUDESONIDE CASE STUDIES

Ewsopean Pacmiataic TaANSUADONAL RESEAROH INFRASTRUCTURE

BUD+inulin [ E -E
1~ Fai
Suspension
= =" A (Si-Sa) Prilling
[~ technique

Eudragit®  Sodium | BUD/HP-3-CD —— Fic-Fuc
FS 30D alginate

30% w/w 2% wiv

Solution
(Sic-Ss)
BUD/HP-B-CD
+inulin
Fai
- Solution
(Ssa) Pokyrme—a o] (189 rm L § v praceiind byt gred gy bemiimn jecbei pus
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o 0 g wnrigl eyl ig L
Ll 1}
N L0# ] et ]
o e i mE TRE
- LS =51 157 = T
3. [ % F) (] 4 b
£ L E-] TE] PR
[ e (5] e -
. L 183 [LLu] L.
. & 153 i i
L B (L] an AT
By FL 1.3 A LB
i TIN 1 TRE B
i 1 ] BR1 AR 1%
b= 13 177 i T Li2
e [ 5] (B} 4 Tau I
LS i i i1 TR] TE i 51
L (35 158 d 1. L -~
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V. D’Amico et al. Colonic budesonide delivery by multistimuli alginate/Eudragit® FS 30D/inulin-based microspheres as a
paediatric formulation. Carbohydrate Polymers 302 (2023) 120422.
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€PTRI BUDESONIDE CASE STUDIES

In vifro release studies under different pH conditions and faecal medium simulating the
colonic environment.

A : B s After 2 hours in faecal
» S i medium (totally 6 h),
' the cumulative release
of BD is 65%.

After 12 hours @
cumulative release of
90% is realized in faecal
medium.

g
A

%a dreg released

8 ¥ & § & 3 # 3
R
Z \
e drug released

Lepend:

g F'Lll'-.'l.llllh:dilrr.l
= Iy pH14)

O 1.2

0 pH &8

F

@ I 4 & B 0 1 4 16 IH 2@ 21 24 b 3IF 30

F.ll-'lln:llrrl.luijrll F:lll:r-H YAy

= Thme (h) s o
\ UNIVERSITA
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€PTRI BUDESONIDE CASE STUDIES

Budesonide loaded mini-tablets for the freatment of eosinophilic colitis in
paediatric patients

Combining the hot melt extrusion (HME)
process with the 3D printing technique
to generate from pharmaceutical .
grade powders or pellets customizable
solid dosage forms.

Direct Powder Extruder (DPE)

+ Extrude material directly from pellets
or powders using a single-screw
extruder;

« Preparation of the filament by Hot
Melt Extrusion (HME) is not necessary;

« Continuous, single step production LUNIVERSITA
process. REGLI STU%\ DI BARI
— 7 ALDO MORO
July 19th, 2024 EPTRI - General Assembly and Scientific 26
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= Geometry:

» Print speed:
= Infill pattern:
= Infill Density:

required tests.

Fir et mmeleu et clersrrmisiin ' ch T cesined s 0PE

Printing parameters:

» Printing Temperature:
= Build plate temperature:

BUDESONIDE CASE STUDIES

Cylindrical (5%x4 mm)
180 °C (T,,, 260 °C)
70 °C

S mm/s

Concentric

70 %

Tablets mass 130 mg, therapeutic dose 1 mg of BD;
All formulations comply with pharmacopoeia-

wr e g vl | Frsbibty Wrrakary fae I8 AT |
LREEHT gk
i L3004 | 00T ol i T T A an
1 (R T ] (LS ¢ s 15l w47 o b B L]
1 pELHE = (R (Ll L5 L R ] 10+ g
Tl wan b b e eyl [t + o 1 b diev iy Sarwland ~
M. Pistone et al. International Journal of Pharmaceutics UN IVE RS ITA
https://doi.org/10.1016/j.ijpharm.2023.122592 DEGLI STUDI DI BARI
EPTRI - General Assembly and Scientific ALDO MORO
July 19th, 2024 27
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ePTRI

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE

pH= 12 pH=68

100 4

754 )
2 =
- @
P 2
254

0 30 6 59 120 150 180 218 240 270 300 330 I60 390 420 450 &80

1 (min}
Dissolution profiles of the three different formulations
(MT1, MT2, MT3) studied in an acid medium (HCI 0.1
N) for two hours, followed by a further two hours in a
buffer solution at pH = 6.8 and finally in a buffer
solution at pH = 7.4 for the remaining time.

M. Pistone et al. International Journal of Pharmaceutics
https://doi.org/10.1016/j.ijpharm.2023.122592

759

304

254

BUDESONIDE CASE STUDIES

pH=1.2

; 1

o CMT2 4%
¢ C-MT26%

04

e
0 30 GO 50 120 150 120 210 240 270 300 320 360 290 420 450 480

t {min)

Dissolution profiles of the coated
formulations (C-MT2 4 % and C-MT2 6 %)
compared with the uncoated MT2
formulation.

UNIVERSITA

5 DEGLI STUDI DI BARI
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MICROFLUIDIC PLATFORM

Microfluidic platform for the production of Lipid-based Nanoparticles

UNIVERSITA

DEGLI STUDI DI BARI
ALDO MORO
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Meeting, Bari - Denora 29

July 19th, 2024



€PTRI MICROFLUIDIC PLATFORM

MF-ASSISTED PRODUCTION OF BDNF-SLNs FOR BRAIN DELIVERY: AN IN VITRO EVALUATION

Traumatic Brain Injury (TBI) is a traumatic brain condition
with high incidence in children, representing one of the
main causes of disability/death worldwide.

The brain-derived neurotrophic factor (BDNF) has been
highlighted as potential growth factor implicated in
restorative and regeneration processes in neural fissue
by interacting with its Trk receptor.

Need for innovative - pH sensitive protein
non invasive formulations! - short half-life

- low permeability accross BBB

UNIVERSITA

DEGLI STUDI DI BARI

ALDO MORO
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€PTRI MICROFLUIDIC PLATFORM

MF-ASSISTED PRODUCTION OF BDNF-SLNs

Monolayer of
hCMECD3 cells

The in vitro permeability study was conducted
by assessing the permeability of plain BDNF
and BDNF-SLNs across the BBB model of
hCMEC/D3 cell line.

———— Apcal comparmen

Basofateral compartment

The permeation of the BBB model was g S -
evaluated after 3h of incubation by measuring & %1 e AU
the amount of BDNF collected in the g e I BDNF 931104
basolateral compartment. 2 1 ,]‘_ BDNF-looed SLNs | 127¢10°
5 5x10 4~ Diarepam 4.61<10°
FD4 ) Al 10
§ T e
§ & @R UNIVERSITA

| DEGLI STUDI DI BARI
"ALDO MORO
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€PTRI MICROFLUIDIC PLATFORM

MF-ASSISTED PRODUCTION OF BDNF-SLNs

A) B)

i —— | N Comparison about free BDNF (25 ng/mL and 100 ng/mL) and
£ 047 § 0.06 BDNF-SLNs (25 ng/mL and 100 ng/mL) in a simulated TBI-related
%m = T 0% - neuroinflammatory condition.

] A, B) Data about pre-incubation of N9 cell line with free BDNF and
°'°' PN o &S BDNF-SLNs for 4 hours, then it was performed the treatment with
S o‘,f S $ S S (A) LPS+IFN-y and (B) LPS alone up to 24 hours. (C, D) Data about
¢ Q,o‘*? ¢ oé‘* ° Q,o*‘*'% Q’:oé“’ pre-treatment of the N9 cell line with (C) LPS+IFN-y and (D) LPS

C) D) alone for 1 hour, then free BDNF and BDNF-SLNs were added up
oy . | oty ' to 24 hours.
. 0z — ] g The formulation of BDNF-SLNs (100 ng/mL) was capable to reduce
: a = the iNOS activation resulting in less nitrite production in each
=0 c tested condition compared to free BDNF at the same
0.0 0.004 concentration.
f““ Qﬁf {,@‘& & “Qo«f” "‘}@“‘" @oé*“” o
S A A & & e o
T &f”‘\ ¢ Qoef"é? °°:°f°; UNIVERSITA

) DEGLI STUDI DI BARI
7 ALDO MORO
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QET.Ri MICROFLUIDIC PLATFORM

Eusorean Pazoiatic TRANSLATONAL RESEARCH INFRASTRUCTURE

Microfluidic-Assisted Production of Lipid Nanoparticles as Nucleic
Acid Delivery Systems

G oo o
B8% o B
9"{3 R TN = P

oy Pre DNA or miRNA -
Tarpting Y ‘__ I
igpad -

-
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e PTRI CONCLUSION

We learned to be a team,
sharing our knowledge in
the development and
production of pediatric
formulations.
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19 July 9:00 - 13:00 - EPTRI Scientific Meeting 2024

EPTRI Scientific Meeting 2024

11:15-11:30 | Reqgulatory aspects of pediatric medicinal products Paola Minghetti

15 min optimization

11:30-11:45 : : Dimitrios G.
15 min Innovative Drug delivery Systems Eatouros
:;::: 30 KIDS experience in the paediatric formulations’ lab
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