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. What is a targeted therapy?
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Biomarker Molecule IndicationMuta
ti
Mutation KRAS Cetuximab/ Colorecatal
Panitumumab
Mutation EGFR  Gefitinib/Erloti Lung
nib
Fusion EML4- Crizotinib Lung
ALK
Fusion cKIT Imatinib GIST
Amplification Trastuzumab/ Breast
HER2 Lapatinib




. Antibody drug conjugates (ADCs)

Antibody backbones

* lgGisotypes
e Possibility to be conjugated
* FcyRn-binding

Type of linkers

* Cleavable (acid sensitive, esterase sensitive, peptide-based)
* Non-cleavable

Payload

* Auristatins (Brentuximab vedotin)

* Chalicheamicin (Gemtuzumab ozogamicin)

* Emtasine (Trastuzumab emtasine)

* Topoisomerase | inhibitors (Trastuzumab deruxtecan)
« etc.

I c I — S Adapted from Beck et al. Nat Rev Drug Discov 2017




. Various strategies can be employed to generate ADCs

Lysines Engineered cysteines Reduced internal disulfide bonds
+ Covalent + Covalent +/- Covalent and non-covalent
+ Easy to produce + Site specific + Site specific
- Non-specific conjugation - Difficult to produce + Easy-ish to produce

- Batch to batch variations

I c I — S Adapted from Beck et al. Nat Rev Drug Discov 2017




. Various strategies can be employed to generate ADCs
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Lysine Engineered cysteines Reduced internal disulfide bonds
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I E A ﬁ S Adapted from Beck et al. Nat Rev Drug Discovﬂ




. Various strategies can be employed to generate ADCs

Lysine Engineered cysteines Reduced internal disulfide bonds

12 ADCs have been approved by the FDA
e Multiple multi-billion partnerships established over the last 5 years




. Drug release strategy for ADC

o Ligand binds to membrane receptor. Extracellular fluid
9 Exocylosts Receptor-ligand migrates to
Transport vesicle clathrin-coated pit.
and cell membrane
fuse (membrane Clathrin- o = :
recycling). coated pit oc'ytos S

Receptor ;
Clathrin
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b
: IN L Y
Transport vesicle
with receptors moves
to the cell membrane. —

/ ? Vesicle loses

Receptors clathrin coat.
Tolysosome or <« - and ligands
Golgi complex separate.

Ligands go to lysosomes Endosome Intracellular fluid
or Golgi for processlng

Adapted from Salisbury et al. Cold Spring Harb Symp Quant Bi




. Could we improved ADC efficiency? Our hypothesis
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To Improve therapeutic efficacy

- Reduction of the DAR seems to lead to better tumor penetration due to lower modification of
the mAb

- Reduction of the DAR seems to lead to higher amount of mAbs that can be administered to
reach the MTD

(Cilliers et al. AAPS ) 2026, Menezes et al. AAPS J 2020, L D Bever et al. Bioconjugate Chem 2023)

-- Startups are developing novel linker strategies to generate DAR1 ADCs and are engineering
novel linker types for multi-drug DAR1 ADCs (Syndivia, ProfoundBio, Ceptur TX, etc.)




Do we have alternatives ?

Classical ADCs Improved linkers for ADCs

+ Half-life in the body + Half-life in the body

+ Controlled release + Controlled release

+/- Site specific + Drug loading capacity

- Drug loading capacity +/- Site specific

- Batch to batch variation - Batch to batch variation
Clinical routine Clinical development

(Profoundbio; Syndivia; Ceptur Tx, etc.)

ICANS




Do we have alternatives ?

Classical ADCs Improved linkers for ADCs Antibody-conjugated nanoparticles
g\@
Vi

B

+ Half-life in the body + Half-life in the body + No B2B variations with fragments
+ Controlled release + Controlled release + Controlled release
+/- Site specific + Drug loading capacity + Drug loading capacity
- Drug loading capacity +/- Site specific + Site specific with fragment
- Batch to batch variation - Batch to batch variation +/- Half-life in the body dictated by
the NPs

Clinical routine Clinical development

(Profoundbio; Syndivia; Ceptur Tx, etc.) Our lab work

ICANS




. Digging into the nanomedicine world

Phagocyte uptake
! L Non-specific . . Passive olii)
18 f‘q 3 Micelle distribution Healthy tissue Tumor tissu targeting [ ©
- % 5 e e d s getng 1
! (L] s g st o ,o o o o ~ ° L~ umor,
5 = 238 P i) ° ‘g O 6. cell
[ o { - [} ° P
52 & 33 Vesicle L Lung € o O (i)
w £ %%oaab NP injection | !;;i;e:r“ Active
=) (i.v. orip.) Spleen 5 2 3 .
sl Kidneys & - 00 Oo = ' ) &, ’c targeting Turmor
e endrimer Bloodvessel o o S
o) .
$E ‘/ {Z}Macrophage & Endothelial cell o Nanoparticle
: 2 Q Solid ?rﬂanic @Red blood cell Dendritic cell <~ Targeted nanoparticle - Targeted cell receptor
= Parti . . .
: E = aree ¢ Normal cell @) Tumor cell @L\/mphat‘lc vessel| BU Multidrug-resistant pump
Y, O &
‘-\ =® Metallic particle

Detappe et al. Trends Mol Med 2018




Some real limitations?

LATEST ~ TOPICS~  MAGAZINE~  COLLECTIONS~  PODCASTS ~ CHEMPICS

CHEMICAL & ENGINEERING NEWS

NANOMEDICINES

JoBs a

Does nanomedicine have a delivery

problem?

Experts debate controversial paper that suggests delivery efficiencies for cancer

nanomedicines are low and not improving
by Michael Torrice
June 20, 2016 | A version of this story appeared in Volume 94, Issue 25

Credit: Gasl McGill/Digizyme
BIND-014 nanoparticles target tumors actively through small molecules (blue) that can bind to proteins on cancer
cells or on the blood vessels feeding tumors. The polymer (gray) particles encapsulate anticancer drugs (red) such as
docetaxel.

ancer drugs don't discriminate. They Kill all cells, not just the cancerous ones. So
drugmakers often look for ways to minimize how much of a chemotherapy drug ends up
in healthy tissue while still delivering sustained high levels to tumors.

MOST POPULAR IN
PHARMACEUTICALS

mRNA-loaded lipid nanoparticles
reprogram cells and edit genes

Ativan may be linked to worse survival
outcomes in pancreatic cancer

Without these lipid shells, there would
be no mRNA vaccines for COVID-19

How Pfizer scientists transformed an
old drug lead into a COVID-19 antiviral

New weight-loss drugs could shift the
scales

CANCER NANOMEDICINE

Just dose it

) Check for updates

A dose threshold of one trillion nanoparticles in mice has been discovered and is shown to be crucial for
overwhelming the nanoparticle uptake kinetics of liver Kupffer cells and for ensuring efficient nanoparticle delivery
into solid tumours upon intravenous administration.

Twan Lammers

a
Nanoparticle dosing threshold
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Low [DOX]  1,200mm® 27 d survival

High [DOX] ~ 500mm® 35 d survival

+ ® =45 x 10" empty liposomes

% injected dose per gram of tissue

c
Nanoparticle dosing in the literature (2005-2015)
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d
Nanoparticle dosing in the clinic
0.9x10™ NK105 (missed clinical endpoints)

1.0x 10'® BIND-014 (missed clinical endpoints)

1.4x10'® i i ive; phase Il)

1.5x 10 Nanoparticle dosing threshold in humans

1.7 x10'® Myocet (approved)

1.9x10'® Onivyde (approved)

4.2x10" Valoctocogene roxaparvovec (effective; phase 1)

8.6 x 10 Doxil (approved)




Toward antibody-nanoparticle conjugates?

Studies included in Wihelm et al.
Nat Rev Mater 1, 16014 (2016).
(n=117)

Reports excluded

* Duplicates (n=9)

* Targeting (aptamer,
protein, etc.) (n=27)

Reports assessed for
eligibility
(n=167)

Literature search:
* Pubmed, Google Scholar
« Time: 2009-2021
* Keywords:
- Antibody targeted nanoparticles
- Cancer
- Biodistribution/Pharmacokinetic
* Language: English
» Document type: Peer-reviewed

A4

Reporis excluded

* No biodistribution (n=41)

* In vitro work (n=16)

* Other targeting method (n=12)
* No tumor targeting (n=7)

* >100%ID/g (n=7)

* No nanoparticles (n=2)

* No nanoparticle size (n=1)

* Review articles (n=1)

Total studies included
in the review
(n=80)

!

v

Total studies included
in the review
(n=161)

¥

Passive targeting
* 168 BD datapoints
* 34 PK datapoints

Full mAb-NPs
* 161 BD datapoints
* 24 PK datapoints

Fragment-NPs
+ 18 BD datapoints
* 10 PK datapoints
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. The NP drives the pharmacokinetic and biodistribution profile of the conjugate
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Key messages:
No differences in PK profile based on the size of the moiety
No differences in major organ uptake based on the targeting moiety or the size of the NP

/9
© g o

%ID/g in spleen

-
=4
L]

1 0-3 I T 1

Mittelheisser et al. Adv Mat 2022




%ID/g in tumnor

The NP material impacts the tumor uptake post-biofunctionalization

Regression coefficient p-value
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Development of ultrasmall gadolinium NPs




Development of ultrasmall gadolinium NPs

Pre 1T min 15 min 45 min 1h 4 h 24 h

Subcutaneous PDAC

Pre 1h 4h 7h 24 h

Orthotopic GBM

Orthotopic NSCLC

Bianchi et al. PNAS 2014

|
C S
I Kotb et al. Theranostics 2016
_— 19




Clinical translation of gadolinium-based NPs

¥
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PR N e e \ ’ A
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Melanoma Lung cancer Colon Cancer
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. +++ Tumor uptake due to passive internalisation (EPR-effect)

I C A N S - Short tumor retention

Very et al. Sci Adv 2020




Example of full-mAb NP functionalization through homobifunctional linker

functionalization
o
Merged

5 S
- 8 z

NNV -
V2| DOTAG) ‘_3,
o o

Plasma cell ‘;o°’u°‘:3° 5
membrane o on 8 v
Si-backbone po %
< ?
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3 Magnevist (30 min)
=3 Magnevist (5 min)
= NP

= NP-IgG

mm NP-SLAMF7

=3 NP-BCMA

,.n_‘j .-éJj |

30min 3h  24h  48h

)
- ;oo 0w
] NP-BCMA

Normalized SNR

* Improved MR sensitivity with NP-BCMA vs. FDA-/EMA-approved MRI contrast agents and non-targeted NPs

C S
I | A N Detappe et al. Nanoscale 2019




Example of full-mAb NP functionalization through homobifunctional linker

Unconjugated NP NP-SLAMF7 NP-BCMA =3 15 min
100 10 100 %0 100 m3h
. 24h
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Example of full-mAb NP functionalization through homobifunctional linker

functionalization
. BLI cT '8F-FDG PET/CT
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I * Improved MR sensitivity with NP-BCMA
I C A ﬁ S * Longitudinal tracking possible due to the lack of long-term retention and degradability of the NP
— * 5% of the MM cells labelled with NP is enough for MR signal detection Detappe et al. Nanoscale 2019




Example of full-mAb NP functionalization through click chemistry approach

Anti-BCMA@°®Cu NP@%Cu Anti-BCMA/NP@°®Cu
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Full-mAb-NPs vs. ADC
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Same amount of radiotracer injected (10 MBq)

e ~4x less mAb required with mAb-NP vs. ADC

* Improvement of the SNR

e Potential diminution of the toxicity in drug delivery
* Nanoparticle to antibody ratio=1.1
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Same amount of mAbs injected (4.2 mg/kg)

~4x more radiotracer injected with mAb-NP vs. ADC
Increase tumor uptake signal (translation for drug delivery)

Nanoparticle to antibody ratio=1.1

Thomas et al. Adv Health Mat 2021




. Limitation of non-specific binding for NP studies and alternative solutions

functionalization

conjugation

nanocarrier

antibody

modification

thiol-maleimide
chemistry

copper-free click
chemistry

of nanocarriers
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Fab exposure,
pG adapter protein
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Toward site-specific NP functionalization.
Applications of our E1-selective Ugi-conjugated trastuzumab T

BCN-fluoresceine
(10 equiv.)
PBS 1X, DMSO
25°C,20h

BCN-DM1 (25 equiv.)
-—
Tygi-Fluo

PBS 1X, DMSO
Kp(SKBR-3) = 0.45 nM

37°C,2d
HO. 0]
[‘ .j OH
H

/\/

e

Tygi-OM1 Tugi
IC50(SKBR-3) = 0.90 nM E1-selective conjugation

ICso(MDA-MB-231) = 149.1 nM
’ ; ; ;

BCN-DM1

>/

S BCN-fluoresceine

Tholen et al. ACS Nano, 2023, 17, 11665-11678
Bruckner et al. Nanoscale, 2021, 13, 9816




Conclusion

Classical ADCs

Improved linkers y

for ADCs

§\<H
Antibody-conjugated

NPs

U

U,

ICANS

Require a specific target to be effective, and a rational
selection of the therapeutic drug is necessary

Optimization of the drug linker conjugation and DAR is
needed for optimal release and therapeutic efficacy

Antibody-conjugated NPs could improve ADC efficacy by
either reducing toxicity (less amount to be injected for
similar efficacy) or increasing efficacy (same amount of
mAbs injected)
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Nanoparticle selection is important, especially for immune-cell targeting

applications

NK cells

Pan T cells

Cytokine signaling in immune system
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