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How to reach a therapeutic objective:
pathology - age - sex and gender - possible disabilities
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world’s population estimated to be
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B The evolving therapeutic landscape
= Solubility = Viability
= PK = Stability = |ntracellular delivery = Scalability
Small Proteins Monoclonal : : :
: : : Nucleic acids Live cells
molecules and peptides  antibodies
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Vargason et al. Nature Biomed. Eng. (2021) 5:951
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B Why depots? °
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The therapeutic utility of many drugs can be enhanced
by prolonged administration or by local delivery

DRUG: AImmediate release Sustained release
» Low oral bioavailability A
» Extensive first-pass effect 5 c
- - .y - ]
« Chemical instability g THERAPEUTIC =
g WINDOW -E
PATIENT: © S
« Compliance M
» Health costs >
« Pharmacodynamics S S Time /' Time
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Pharmaceutical A
IDI = PLGA = Chitosan _
excl plents = PLA = Sucrose acetate isobutyrate
are substances y = Alginate = Cellulose derivatives..
T < U o mu
other than the 740 IS ’ - Q. ﬁh J{O U it 400 oT each
pharmacologically A |- drug product
active drug o @&~
or prodrug i
' || = Phospholipids = Cholesterol

| = Triglycerides = Cholesterolesters...

g Rapier et al. Sci Rep 11, 14512 (2021)
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Pharmaceutical
excipients
are substances
other than the
pharmacologically
active drug
or prodrug

POLYMERS

= PLGA = Chitosan
= PLA = Sucrose acetate isobutyrate

= Alginate = Cellulose derivatives...

CHs 0 0 0
F & e
o g m OH
LIPIDS

= Phospholipids = Cholesterol
= Triglycerides = Cholesterolesters...

Rapier et al. Sci Rep 11, 14512 (2021)
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Liposomal

- systems

Vesicular phospholipid gels FluidCrystal®
Semisolid / 2 - T In situ forming
depots

Breitsamer & Winter Int J Pharm (2019) 557:1-8
Rahnfeld, Luciani. Pharmaceutics (2020) 12:567 https://www.camurus.com/science/technology/
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B DepoFoam™ b
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MVL (DepoFoam) versus conventional liposomes
(A) (B) (©)

= Encapsulation and release of small
molecules as well as therapeutic proteins
and peptides

o’ = |ntratechal, epidural and subcutaneous route

Sy geast

= Downside: complex manufacturing process
by water-in-oil-in-water double emulsification
with organic solvent

Unilamellar Liposome Multilamellar Liposomc Multivesicular Liposome (DepoFoam)

_ Phospholipids: PC (typically dioleyl or dierucoyl) + PG
Typical 10-20 um Cholesterol, Triglyceride (typically triolein)

Ye et al. J Control Release (2000) 64: 155-166
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B Bupisome and Bupigel e
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BUP RELEASE FROM ALGINATE BUPIGEL

Bupivacaine in large - . g W
. - Fabrication of Bupigel o sae
multivesicular vesicles (LMVV) Pig —a—ss
) ;&‘*"}/./
Reservoir containing 0 5 10 15
mixed Na-alginate*water solution 4°C Storage (months)
+BUPISOMES
—— %26 (I) b I (ID I . ANALGESIA DURATION IN MICE
*drops
CaCIz_ < ]
solution § 60
S
v *Very low viscosity 2% alginate (11.56586¢p) was used ) 20: |
to produce a soft product suitable for injection. § %
. . . EL —————
Bupi-LMVV in cross-linked 0 . “
hydrogel (alginate) ¥ HSPC100, C16-SPM, and cholesterol at 3/3/4 mole ratio 0 ALGbupigl stored n 1% bup
+ isoosmotic extraliposome BUP-containing medium == ALG-bupigel stored in saline

ey bupisome in saline
s FREE BUP 0.75 mg/mouse

Cohen R et al. J Control Release (2012) 160: 346-352
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B Bupigel in a rabbit functional model

b
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Bupigel neurotoxicity was tested on rabbit sciatic nerve using histopathology and electrophysiologic testing
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Bavli et al. Pharmaceutics (2021) 13: 185

60

Free bupivacaine 2%

Free Bupivacaine 2% in Alginate 1%
Bupisomes

Bupigel with Alginate 0.3%

Bupigel with Poloxamer 15%
Bupigel with Kollidon 20%

Bupigel with H.A. 0.5%
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Nerve Conduction Velocity (m/s)
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Effect of different formulations on rabbit sciatic nerve
conduction velocity
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B Cation-mediated liposomal aggregates u

UNIVERSITAT
g liposome
g g formation

BERN
negatively  zwitterionic PL
charged PL

v

Dual-chamber syringe
e

Amount of API

Paola Luciani - paola.luciani@unibe.ch Dr. Lisa Rahnfeld
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B Characterisation workflow
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In absence of drug

Aggregation studies:
turbidity, cryo-TEM,
fusion assay, DSC

Size distribution

Lipid screening Jeta peferial

Ve

? \ In presence of drug
: . : : In vivo
BUP Shelf-life Aggregation Rheology In vitro/ex vivo imaging and
encapsulation liposomal BUP studies Injectability release gPKg

Rahnfeld et al. Colloids Surf B Biointerfaces (2018) 168:10-171 BUP: bupivacaine
Aleandri et al. Eur J Pharm Biopharm (2022) 181:300-309 ]
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B Aggregation studies

25 mol% NCP | 30 mol% CHOL| 45 mol% DPPC

b
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DSPG DOPA DPPA
a4 DSPG 25 mol%/-BUP b, bopa 25 mol%/-BUP C —+ DPPA 25 mol%/-BUP
0.4.] * DSPG 25mol%/+BUP (4 |-e DOPA 25 mol%/+BUP 0.4-"* DPPA 25 mol%/+BUP
Ca2*-mediated g g
. a o
2 0.2 0.2+
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Mg2+-mediated 8 ks
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00 OO | I I 1 .
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Aleandri & Rahnfeld et al. Eur J Pharm Biopharm (2022) 181:300-309
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B Cryo-TEM ¢

b

DSPG 25 mol% DOPA 25 mol% DPPA 25 mol% UNIVERSITAT
9 ‘ 7

unaggregated

10 mM Ca%*

10 mM Mg?*

L - e ; 44 scale bar 500 nm
Aleandri & Rahnfeld et al. Eur J Pharm Biopharm (2022) 181:300-309
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B /n vivo imaging of fluorescent depots -
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a Before T0_4 day T1day T? days T14 days

_ Depot:
e .40000 25 mol9% DSPG
o 30 mol9% CHOL
) 45 mol9% DPPC
E:) |

30000 + Ca®*

Non-Depot:

25 mol% DSPG

Non-Depot

{80 30 mol% CHOL
45 mol% DPPC
g | 10000 Neutral:
8 30 mol9% CHOL
= 70 mol% DPPC
Counts Dy: 150 nm

Aleandri & Rahnfeld et al. Eur J Pharm Biopharm (2022) 181:300-309
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B /n vivo imaging of fluorescent depots -
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°% TFC =(TFCt . TFCbIank)/ TFCto TFC: Total Fluorescence Counts

(photons/second )

% %k kk  kk  kXk % %k
150- |7 O Depot-Liposomes
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Q
Aleandri & Rahnfeld et al. Eur J Pharm Biopharm (2022) 181:300-309 Mean £ STDV; n = 6 (3 males/3 females)
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B Pharmacokinetics b
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%k %k %k %k
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-o- Free BUP | 30 mol% CHOL
— 4 -e- Neutral-Liposomes % %k %k %k 45 mol9, DPPC
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2 o : T
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Aleandri & Rahnfeld et al. Eur J Pharm Biopharm (2022) 181:300-309
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B Liposomal aggregates to deliver rapamycin

BERN
/ N\ multilamellar
1 /esicles (MLV)
a8
. ©
cartilage _ @8 o I I, I A,
surface ®° °, o° °v\° ¢ ..,.
MLV remain on cartilage surface, small unilamellar
thereby facilitating effective vesicles (SUV)

lubrication, while SUV penetrate
deeply into cartilage.

Sivan, ..., Barenholz, Langmuir (2010) 26:1107-1116

%k % %k %k

%k % %k %k

150
* ok ok K *

./ & Rapamycin g "

||| From subcutaneous to 2

\ [ L intrarticular administration g
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//&J %’)H\ @a"
@ W

Bordon et al. J Colloids Interface Sci (2023) 650:1659-1670
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B Rapamycin-loaded aggregated liposomes u
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Bordon et al. J Colloids Interface Sci (2023) 650:1659-1670
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B Lubrication properties

Nanotribology

Colloidal probe lateral force microscopy
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Bordon et al. J Colloids Interface Sci (2023) 650:1659-1670
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Macrotribology
Tribometer with ex vivo cartilage
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B Rapamycin-loaded aggregated liposomes

Toxicity study on human synovial fibroblasts
from patients at USZ

Release from Zn ALs

_ 100 Zn?* toxicity ZnAL toxicity
S, 150 - 150
9 75+

©

9

[} 2 100d = T X 100
= ° ==
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g 25+ & ZnALs S 50~ S 504
=
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RAPA content in purified
ZnALs with 0.5 mM Zn2*

Bordon et al. J Colloids Interface Sci (2023) 650:1659-1670
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B ZnALs for intraarticular administration -
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DDSs' function
- Lubrication
N
/
Q Lipid-based
nanoparticles
Cell/tissue O 'Liposomal
‘argeting - systems
2 Lipidic 5
_8 Controlled mesophases — .
z drug release Composite
g [/ DDSs systems
Time \\ Therapeutic Classes
k - \“: RNA therapeutics
@ -~ ‘ Small-molecule DMAODs
Theranostics NSAIDs Corticosteroids
Bordon et al. Biomed. Pharmacother. (2023) 168:115819 Allegritti et al. J Colloids Interface Sci (2024) 664:1031-1041
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B Liposomal CBD (Innocan Pharma) .
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LPT: Liposomal CBD

The Solution

Innocan Solutions: Patent
Pending Injectable
Cannabinoids Delivery
Platform to Treat Pain

A unique CBD-loaded Liposome
Technology (LPT) facilitating exact
dosing, prolonged and controlled

50 mg/mL CBD into hydrogenated
soy  phosphatidylcholine  (HSPC)
liposomes

: Dogs: subcutaneously at a dose of 5

< release of CBD into the bloodstream Cfig;'-s‘;ar::. X% : mg/kg (0.1 mL/kg) using a 21-gauge

1 1-inch needle

Liposomes are spherical vehicles composed of a
few layers of lipids that can carry drugs through

the human vascular system.
r------------------------‘

A I e — ! Liposomal-CBD administered |
 ~100% | | +42days '

; o | y ! subcutaneously produced detectable |
e e e y CBD plasma concentrations for 6 j
s e waTHyiEo : weeks with minimal side effects :

https://innocanpharma.com

PCT/1L2020/05168: Presence of a dispersing agent of a cannabinoid Shilo-Benjamini et al. Front Vet Sci (2023) 10:1224452
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B Composite liposomal depots °
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= Liposomes can be embedded in hydrogels

= Release rates and rheological behavour can be tuned

Back to
sphere in
: ; Transient water
Liposome dia > .
pore dia ~

pore size in gel

liposome

Deforms
to squeeze
thru pore

Initial
sphere

Adapted from Thompson et al. Langmuir (2020) 36:7268-7276
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B Liposome-based supramolecular hydrogels

A

Passive release
— IgG antibodies release
slowly due fo large size

Injectable liposomal

Injectable nanocomposite hydrogels obtained by o e

cytokine co-delivery

mixing liposomes and modified cellulose

Electrostatic release

W |_small IL-12 releases slowly
. . . due fo inferactions with
polymers acting as depot for biotherapeutics 66 150400]  112(60100
B IgG release over time Cc IL-12 release over time
B Engineered modes of protein release Bolus Liposomal hydrogel Bolus Liposomal hydrogel
» ; - .
Ligand-functionalized (]
Zwineric?m'.c A“iONi_C_ - ) phospholipids (e.g., NTA(Ni)) Tagged protein 1 hour 4 1 hour 3
phospholipids fone phospholipids afionic profein cargo (e.g., 6x His) 1 \
rofein cargo cargo :
PN —I— P —I— + ) —l— @ 3 days . ’ 3 days ® :
¢ ' y o M.'H L‘!:L NeMis
i. fast release ii. slowed release iii. slowest release .
passive size-based release electrostatically hindered affinity governed release ’
= < ) R h o = 3 12 dO\/S .
0.2x10 I9G Radiant Efficiency 5] Ox 0.2x108 IL-12 Rodiant Efficiency 5 0x10
D Bolus administration E Liposomal hydrogel
150% 4 150% —
g ~®- 1gG (150 kDa) g
o o
] Et:g 100% - IL-12 (60 kDa) o &‘:9 100% 48
N Nt [
B = = =
E S ES ~o-®-
5 © 5 O T 05
28 50% S5 50%- 29
e : . bS]
3 oo ) 3
o, |, O | — )
0 1 15 0 1 15
Days Days

Correa et al. Matter (2022) 5:1816-1838
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B Phospholipid-doped ultra-swollen LMPs e
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ApoF

Size =12 nm :
C-potential = - 5 mV jﬁ Release rate is tunable

Monoolein/water

o]
() _ =
Im3m % SN dy = 20 nm
3}
&
w dy =10 nm
o
Q
< ":
Sl _ | dy=4nm
Time
50 - 25
Q g qE % ©] MO DOPS  DOPG  DOTAP
‘ S Released o 40
g <0.5% DOPG z s
L 3 ¥
<E 2 2]
153 [P - g 5
- f ] et
Cholesterol (Chol) Time i m
1, 2-dioleoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (DOPG) 0 1= il
1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS) ‘ZO\O‘;\O“? °f%<>i?\°f\<f\ §;§;°°§\§§é‘ia‘§\$§\°°°°
2-dioleoyl-3-trimethylammonium propane (DOTAP) \‘*o\\xp\\\&o\ldzc?g\g"’\;‘}20\;)‘22\0?0\;0\?:@@2&‘;0«@\\
& g’ CAED NI
Elzenaty et al, J. Mater. Chem. B (2022) 10:3876-3885 NG
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Broadening the therapeutic possibilities u’

b

for peritoneal diseases

Bioincompatibility of PDS

Infectious peritonisis Sterile Inflammation Biomechanical injury
A iy Hyperglycemia
o R4 g Hyperosmotic
Limited S Low pH
4

therapeutic
options \ / [ Epithelial Marker )
== Adherens Junction (E-cadherin)

<= Tight Junction (ZO-1)

MM T / Cytokeratin
k i

MCs Mesenchymal Marker
Lol £ == Adherens Junction (OB-cadherin)
I | % / ; - ) r\ N . . .
1 1 / - @ Fibroblast-specific Protein 1

89 vimentin S a-SMA
\.

,
=@ Fibroblast

* Myofbroblast

; " * Proteoglycan
“=== Collagen fibril

A
/%%, Hyaluronan
7
\_ 7

Huang et al. Stem Cell Res Ther (2023) 14: 293
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u Broadening the therapeutic p055|b|I|t|es w
for peritoneal conditions

F
Alginate Hydrogel ™ HN/©:C|
K/N\/\/O =N
_ 1o N/)
Gefitinib, GEF:
epidermal growth

factor receptor
(EGFR) inhibitor

Lipos&rﬁé# GEF

Eugster et al. Drug Deliv. Transl. Res. (2024) 14:1567-1581
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B Liposomal ink: some properties |

UNIVERSITAT
BERN

Main effects plot for printability

GEF encapsulation in MLVs in @ multifactorial experimental design
o) DPPC S0 . W g

oo
731 i I : ‘Io Algmate [%] Crosslinker [mM] Pressure [kPa] Cycle time [ms] Height [mm]

g o & 035-
= 50] I 2 030 » .«
e 2> £ 025- \ e \
ik I so, 55" 0,204 ./ \
0 i ' § 0,154 \.
DES DD LD .
drug:lipid ratio 1 2 3 45 50 135 50 100 150  20/500 1/210 10 30
Eugster et al. Drug Deliv. Transl. Res. (2024) 14:1567-1581 Mean £ S.D., n=3
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B Gefitinib release from liposomal beads
Microbeads suspended in Microbeads tested on uﬁ“d ? f

Ceoe — 0, @ ’\

peritoneal simulated fluid Hu_h7 c_;eII line 00 e
using inserts 8

p-Beads Hepatic cancer cells

.g;Ej'{{i'{((t(t(‘l(t(((

i Control M Free drug GEF - loaded beads

o B
= 100- /_—ﬁ ———4 _
S . ; 5
7 ' % %_ = 100-
5 +— g ¢
D) : 5
= 50- :
. % FD T 50-
© & DPPC :
0 . -+ S&0
0.0 0.1 02 03 I > 3 1 NE i

PSS SE SS S&
Time [days] &i@@ & F & <§° & é" & c§¢ &
TS S S
{o@"? SY 5Y DYRY HYHY S ®
Eugster et al. Drug Deliv. Transl. Res. (2024) 14:1567-1581 L
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B What next?

UNIVERSITAT

Open issues and possibilities to explore

= Manufacturing/Sterility
= Standardization of the release methods
* |nvestigating the tissue reaction

= Exploring new hybrid materials

Paola Luciani - paola.luciani@unibe.ch



B The quest for the ideal in vitro release test

UNIVERSITAT

There are currently no standard methods for in vitro release testing
of controlled release parenterals

= Burst release

= Drug stability

= Sink conditions

= Extent of in vitro release

= |n vivo relevance

= Accelerated release

= Dissolution vessel selection
= Reaction at the injection site

Wright and Burgess ed. Long acting injections and implants (2012)

Paola Luciani - paola.luciani@unibe.ch



B Importance of the experimental release setup

Sample-and-separate method
For bupivacaine release from Exparel

Rotating plate — Vertical Y Rot. plate—  Rot. plate —
(RV) Horizontal (RH) 45°(R45)

@ 12 rpm Horizontal (H)
@ 50 rpm

100 ¢
90 f =RV -#-R45 -~—RH -<H

80 a
70 | ,,//4}"
60 L
50 |
40 |

E A
30 /"
20 ¢

10 |

I

Cumulative BPV release (%)

0 5 10 15 20 25
Hours

Manna et al. J Control Release (2019) 294: 279-287

(A) Bukfiuid  (B) Gel - Eppendorf  (C) Gel - transwell

VETIITRIIFIIS

77

_ Buffer pH 7.4

i Agarose gel
Implant

mmmmnE Membrane

== wmm Metal basket mesh

PLGA implant Agarose gel in  Agarose gel in Transwell

in agitated bulk  agitated release insert in agitated
release medium in tube release medium
medium
(A) 100 gee=ssssssssssnns . 5 =4 m (B) 100 ,..:.E.:.l;l:".(.ﬂ.l:i:j ..............................
o) S ey
T.wf 60 1 § 60 1
T;’, 40 1 i 40 3
N N

—8—bulk fluid
—aA—gel - transwell
—&—gel - Eppendorf

20 14 20

0 5 10 15 20 25
Time, d Time, d

Bassand et al. J Control Release (2022) 343:255
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B SCISSOR

Subcutaneous Injection Site Simulator:

Investigates  the  release  performance  of
subcutaneous formulations under simulated
physiological conditions

“The only commercially available solution that
bridges the gap between standard dissolution and
solubility results and in vivo Pharmacokinetics (PK)

studies”

"Wl ey

\ Pion Scus@

https://pion-inc.com/

b
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Journal of Pharmaceutical Sciences 111 (2022) 2514-2524

Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org

Pharmaceutics, Drug Delivery and Pharmaceutical Technology

Evaluation of In Vitro Tools to Predict the In Vivo Absorption of M) Check for updates
Biopharmaceuticals Following Subcutaneous Administration

Christian Bender®*, Sabine Eichling”, Lutz Franzen®, Viktoria Herzog”,
Ludger M. Ickenstein?, Dhananjay Jere®, Lara Nonis¢, Gregoire Schwach!,
Philipp Stoll¢, Marta Venczel®, Shalin Zenk®

2 Bayer AG, Pharmaceuticals, Research & Development, Building 0520, 42096 Wuppertal, Germany

b AbbVie Deutschland GmbH & Co. KG, NBE Advanced Formulation Development, Building 11, 67061 Ludwigshafen, Germany

©Bayer AG, Pharmaceuticals, Research & Development, Building 0226, 23096, 42096 Wuppertal, Germany

d Boehringer Ingelheim Pharma GmbH & Co. KG, Pharmaceutical Development Biologicals, Building G55, Birkendorfer Strafe 65, 88397 Biberach

an der Riss, Germany

© Drug Product Services, Lonza AG, Hochbergerstrasse 60G, CH-4057 Basel, Switzerland

fF.Hoffmann-La Roche Ltd., Pharmaceutical Development and Supplies Europe Biologics, Grenzacherstrasse 124, 4070 Basel, Switzerland
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Methods: We examined seven commercially available biopharmaceuticals using three instruments, i.e., the
Subcutaneous Injection Site Simulator (Scissor), the Osmomat 050, and a dialysis system using three artificial
extracellular matrices, two dissolution apparatuses, i.e., the USP4 and the USP7, and two evaluation tools, i.e.,
the affinity-capture self-interaction nanoparticle spectroscopy (AC-SINS) and the Developability Index (DI).
Results were evaluated for their usefulness to predict the bioavailability and other pharmacokinetic parame-
ters in humans using the Pearson correlation.

Results: None of the tested instruments and methods could reliably approximate bioavailability. Only pres-
sure values derived with the Osmomat 050 instrument correlated with Cnax with a Pearson correlation coef-
ficient greater than 0.8.

Conclusion: No single in vitro method confidently predicted the bioavailability in humans. We only found a
correlation to maximum plasma concentration values for one of the tested approaches. However, a more
focused evaluation would be necessary to confirm our findings and test combinations of orthogonal methods
that may improve the confidence of such a prediction

Bender at al, J Pharm Sci (2022) 111:2514-2524
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Simulated interstitial fluid media for u

predictive subcutaneous in vitro assays i

Simulated mouse-rat interstitial fluid (ISF) and a simulated human-monkey ISF

1. 2.
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Torres-Teran et al. Int J Pharm (2024) 658: 124227
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