PSARIink - hydrophilic monodisperse polysarcosine drug-linker platform for ADCs

Warren Viricel,! Louise Conilh,%? Guy Fournet,’ Valérie Attuil-Audenis,! Angélique Murcia,! Benoit Joseph,3 Charles Dumontet? bpi CRC .

' 6&0 %
I I la In 1 Mablink Bioscience, 14 rue Waldeck Rousseau, 69006 Lyon / 2 Centre de Recherche en Cancérologie de Lyon, INSERM 1052, CNRS 5286, 69008 Lyon / 3 Université de - Tels B @AR
Lyon, Institut de Chimie et Biochimie Moléculaires et Supramoleculaires - UMR CNRS 5246, 69622 Villeurbanne - contact: w.viricel@mablink.com UMng LY%@NEES%.;%E‘

O
£ suprhY

Abstract MMAE cleavable ADC platform (homogeneous DAR8 ADCSs) Exatecan cleavable ADC platform (homogeneous DAR8 ADCs)

. . U HOMOGENEOUS DARS8 ADC 0
Antibody-drug conjugates (ADCs) convey highly potent (" Auto-hydrolyzable maleimide-based ‘: ] . «lﬁldlﬁ | INKER EXAPSARTQ | 100
. . . i bioconjugation head i / L o — - TRASTUZUMAB -~ DS-8201la
anticancer drugs to antigen-expressing tumor cells, thereby (;( — e \ qm e z o ADGEXAPSARID 4 ADC DAPSARY
sparing healthy tissues throughout the body. Expected N m | y e e (e | - d AR X LINKER EXA-PSARD | E
. . . . i y icity i iety I !
improvements in the field rely on the design of new i HNA!I( " (n=6, 12, 18, 24) L ¢©\)k o . q R H O o g
i i i i ! b ! ! o § ! i A -8201a Y 2
technologies that influence the pharmacological properties of ; | | BIOCONJUGATION Hﬁr ol o m” ‘Y ( 5
. . - ! e 1 N 0} H —_
the conjugates. Key parameters such as (i) plasmatic ; N ) | — [ o \)L /\\(5 \)\\/\\(N Z
’ - - ; ! O Ny, Ny ! 4 PSAR12L TN o o Q Hoo
stability, (ii)) Drug-Antibody-Ratio (DAR), (i) conjugation | \n/l ,. | ; q = =TT N (T @
position on the antibody, and (iv) overall hydrophobicity and | 0 "o | ; mﬁﬁf o N e, Hg&w No: @ ’ Days
homogeneity of the conjugates dictates pharmacokinetics ; e o, | | N Dot oH PK studies in Sprague-Dawley rats (3 mg/kg)
(PK) properties, efficacy and tolerability of ADCs. i %éw Sefimmoiavemoiety s l D "~ HIC TR s +Lack of nydrophobicly masking moiety (ADC-EXA-PSARQ) leads to
i OH i "glucuronidase catalyse o R XA accelerated plasma clearance
We herein report the use of monodisperse polysarcosine | Clcuwondewgger  PSAR6 PSAR12 PSAR1S, PSAR24 | e gﬁg%“gg |:> M ose0ta ' 'nC'fl_JlsiORE(;:: aEg(ﬂy;zr/igslige entity in the drug-linker restores a favorable PK
.. . . . .y nf VAL N - -
(PSAR) as a hydrophob|C|ty maSklng entlty In hydI’OphI“C 8 x MMAE © W. Viricel et al. Chem. Sci. 2019, 10, 4048-4053 5"* — uﬁ““*”* e . Elrglc?o(rrelation was obsgrved between HIC retention time (“apparent
drug-linker constructs for high drug-load ADCs (PSARIink . hydrophobicity”) and PK profiles
. : : : o HIC o
ADC platform). This approach improved physicochemical S — ADC-PSAR12
_ _ _ _ - < . ] Archi DAR Hvd hili . Q 1.5 —e— Trastuzumab 0 i T
properties, pharmacokinetics, efficacy and tolerability of the 3 e EEEE YETOPRTIC TIOEH 5 e ADC-EXAPSARIO 2 I )
resulting Conjugates. We showed that the drug_linker platform -c—é — ADC.PSAR12L ADC-PSARG6 Orthogonal Homogeneous DARS8 Polysarcosine (6 residues) g . -=- ADC-EXA-PSARO GEJ I, o
can be tailored for the use of cleavable or non-cleavable S ADC-PSAR12 | Orthogonal | Homogeneous DARS |  Polysarcosine (12 residues) | oo T roctxarsio S o II' 11
Z — 0.01 T T T 1 - - - - s
linker constructs and seems especially suited for the use of L T N ADC-PSAR18 | Orthogonal | Homogeneous DARS |  Polysarcosine (18 residues) M RecombnantHERZog (M) e ADCEXAPSARD 2 foo- ¥
mOderate!y p_Otent low nM ADC paylo_ads haVing improved _ _ Time (min) _ ADC-PSAR24 Orthogonal Homogeneous DARS Polysarcosine (24 residues) HER?2 binding affinity profiles of ADCs assayed by ELISA = DS:80la %
therapeutlc indexes and/or differentiated mechanism of Hydrophobic Interaction Chromatography (HIC) profiles of ADCs ADC-PSARD ] HOMogeneous DARE None = 06 . - - Orjl;ingstudy...SIO
' ' ' ' ' “Ooff- - ICs, (NM - ADC NCI-N87 MDA-MB-453
action. The platform IS d_lrecftly Compatlble with any off-the ADC-PSAR12L Linear Homogeneous DARS Polysarcosine (12 residues) alt cone) Days
h If” df d Id h 3- < Trastuzumab ADC-EXA-PSAR10 0.3 0.2 0.4
Eute C{l;ljl’r]]mg.lsl()le béng,a¥2 d Ian\/Ithon;cllgeSnpeeolefleDﬁsr?jug[a)t(li)sr; a _ -~ ADC-PSARO ADC-PEG12 Orthogonal Homogeneous DAR8 | Polyethylene glycol (12 residues) ADC-EXA-PSARO 0.3 0.2 0.4 Efficacy study in NCI-N87/SCID gastric cancer (1 mg/kg)
B < ) » Favorable PK profile conferred by the inclusion of polysarcosine (ADC-EXA-
ADC-PSARG6 . - . . .
technologies if required § 2- s * DAR8 homogeneous ADCs based on trastuzumab were formulated and characterized _ DS-8201a 0.3 0.2 0.3 PSAR10) directly improves efficacy when compared to negative control
) > - ADC-PSAR12 « ADC-PSARO is a negative control ADC without polysarcosine (no hydrophobicity masking T-DM1 0.5 0.1 0.3 ADC-EXA-PSARO having unfavourable PK profile
= -+ ADC-PSAR18 properties). ADC-PSAR12L is a negative control ADC bearing polysarcosine in a serial : . . i . : :
. £ 14 —- ADC-PSAR24 configuration, compared to an orthogonal orientation in other drug-linkers. ADC-PEG12 is a In vitro cytotoxicity assays on HER2+ cell lines fr‘ltlslcrggi: kegr frl::d'ce:lljratlve dose, ADC-EXA-PSARL0 outperforms DS-8201a in
§ ] control ADC bearing polyethylene glycol (PEG) instead of PSAR « Identical in vitro potency is observed for all the topoisomerase-based ADCs
Mate”al S a.n d Meth Od S < p” : 232 ::E::ljm_ * Hydrophobic Interaction Chromatography results show that inclusion of orthogonal PSAR
= - drastically reduce overall hydrophobicity of the conjugates. Inclusion of PSAR in an orthogonal
09001 0.01 o1 1 10 100 position in relation to the drug payload is mandatory. At equal length (12 monomer residues),
e A set of biocompatib|e po|ysarcosine (PSAR) hydrophob|c|ty HER2 (nM) PSAR promotes better hydrophobicity masking properties than PEG
masking entities was synthosized using Inexponsive solid, R bindine afi e of ADGS aseayed by ELISA PNU-159682 non-cleavable ADC platform (homogeneous DAR8 ADCs)
phase meth_odol_ogies. Molecular length of .these o!igomers o 1500, ey o Untrente go O O qo o O
can be varied in order to tune the physicochemical and ~ = [Ene 0/4 CR -+ T-DM1(Kadcyla®) AL L\JS I QL L\)Iﬁ ICeo ("M-ADC conc) ~ NCI-N87 ~ SKBR3 ~ MDA-MB-361  BT-474
pharmacological properties of the final ADCs E <« ADEPSARI = 04 CR -+ ADC-PSAR12 ?/\'f - v/\[f * ADC-PNU-PSARIOA | 003 0.01 04 0.2
| .. g . = ADC-PSARO GE) 1000+ ! U5CR o ADC-PSARO LINKER PNU-PSiHng-A L|NKHEOR PNL(;PSOARlo-B OCPNUPSARIOE o 2 5 )
» Different cleavable or non-cleavable drug-lmkerg based on > 10; 2 INKER A ‘O‘O LNKERE Y Y S T-DML1 0.2 0.1 0.1 0.3
MMAE, Exatecan and PNU-159682 were synthesized. 2 ] > 5001 _ — _
= - g O/O OH O Oy @/O o OO In vitro cytotoxicity assays on HER2+ cell lines
* Clinically validated trastuzumab (anti-Her2) antibody was c_c;s 1'1 = 4/5 CR | S ‘}N « In vitro potency is retained despite polysarcosine inclusion in a non-
. +— \ . .
used for ADC formulation. ADCs were prepared by total e T T s s 0 20 30 40 =0 \o--{) W, cleavable drug i Ker AT e ool e e B
. . . . . . . . ¢ LInKer construc IS approximate (0] -1010 More poten an linker
reduction of native disulfide interchain bridges with excess Days Days - PP 4 P
. .. : . » HIC _PNU- ]
'I_'CEP fpllowed by chemical malelmlde-gonjugatlon of d_rug- PK studies in mice (3 mg/kg) Efficacy study in BT-474/SCID breast cancer (3 mg/kg) —— ADG.PNU PaAR10 8 S
linkers in PBS (1.3 molar eq of drug-linker per cysteine). . Lack of hydrophobicity masking moiety leads to accelerated + Favorable PK profile conferred by the inclusion of polysarcosine DARS ADCS |:> - “"g e
ADCs were purified/buffer exchanged by SEC and/or plasma clearance (ADC-PSARO0), in accordance with already (ADC-PSAR12) directly improves efficacy when compared to E = 1500-
: - - - reported results in the ADC field of research negative control ADC (ADC-PSARO) o : : é ; » B & © TOML-4mokg
centrifugal dialysis. When necessary, ADCs were incubated . Inclusion of a polysarcosine entity in the drug-linker restores a . At the same 3 mg/kg dose, T-DML fails to induce tumor regression R ' ¢ ADC-PNU-PSARL0-A - 1 mglkg
24h in PBS 8.0 at 37°C to ensure total maleimide hydrolysis favorable PK profile (ADC-PSAR12) 201 o Trastuzumab > . e
.r- . . o > - - -A - 4 Mg/Kg
and plasma stablility (prevents premature deconjugation of e ~=- ADC-PNU-PSARL0-A £ 500- e
the drug-linker by retro-Michael reaction). A B C E 7 ADC-PNU-PSARIOE - o TT
. 901 1500; 3 +0 0 10 20 30 40 50
* Resulting DAR8 ADCs were analysed by HPLC-SEC and ~ 5 a0l o PSAR N : <. Days
were >95% mOnomeI‘IC HPLC'HIC and RPLC'QTOF %) % “‘ m PEG WE Efficacy study in BT-474/SCID breast cancer
. . . . 0.0+ T T 1
per antibody (DARS). -§ S £ [Recombinant HER2]log (M) » T-DM1 fails to induce tumor regression at 4 mg/kg
. . o e © \ T>3 HER2 binding affinity profiles of ADCs assayed by ELISA * In vivo assays are ongoing
« For in vitro cytotoxicity assays, cells were seeded to a 96- = S ol 5 500.
well plate at 1000-5000 cells per well depending on the cell s S ANy 5
line. After overnight incubation, each diluted substance was 3 o 40 o7 - Conclusion
added. Cell viability was evaluated after 5 days using MTT or ————— ————— 0+ —
CellTiter-Glo® reagent. 0 5 A 10 15 0 6 12 18 24 ey 60 - When embedded in an orthogonal configuration in the drug-linker structure, PSAR improves PK profile and efficacy of ADCs.
_ _ _ _ ays Monomer units (length) . : : : : : e
- Pharmacokinetic (PK) experiments were conducted in The bioconjugation procedure yields homogeneous plasma-stable DAR8 ADCs, from native unmodified monoclonal 1gGs.
female SCID mice and female Sprague-Dawley rats at an -© Untreated ¥ ADC-PSAR6 -~ ADC-PSAR24  The PSARIink platform is compatible with cleavable and non-cleavable drug-linker architectures and with virtually any
ADC dose of 3 mg/kg. Quantification of the ADC component >¢ Trastuzumab ~- ADC-PSAR12 —&- ADC-PEG12 cytotoxic payloads.
- -©- ADC-PSARO -4 ADC-PSARI18 4 ADC-PSARI12L . . . . . )
was made by anti-human IgG ELISA assay.  The platform is especially suited for the use of moderately potent low nM ADC payloads (topoisomerase inhibitors and
e ln viv i i wer N in 3 PK studies in Sprague-Dawley rats (3 mg/kg) (A) and efficacy study in BT-474/SCID breast cancer (2.5 mg/kg) (B and C) avioads with differentiated MoA’s...) and verv hvdrophobic pavioads with hiagh aaareagation propensity.
o efficacy studies were conducte a

« ADC exposure increases as a function of PSAR length up to 12 monomer residues, eventually reaching a point where further PSAR extension has little influence
on the clearance rates of the conjugates (Figures A and B). In accordance with their observed hydrophobicity, ADC-PSARO and ADCPSAR12L show unfavorable
PK characteristics. At equal length, PSAR more efficiently improves clearance rates when compared to PEG.

« At a 2.5 mg/kg dose, complete tumor regressions were only observed for conjugates having low clearance rates (ADC-PSAR12 and ADC-PSAR18 - Figure C).
ADCs having unfavorable (ADC-PSAR12L) or suboptimal (ADC-PSARG6 and ADC-PEG12) clearance profiles were only able to promote delayed tumor growth

breast cancer or NCI-N87/SCID gastric cancer xenografted
mouse models. ADCs were dosed once intravenously and
tumor volume was monitored over time.

 Proof-of-concept studies of the PSARIlink ADC platform is still running, with in vivo efficacy and tolerability assays currently
ongoing.

« Mablink is developing two ADC drug candidates (preclinical stage) that are based on the PSARIink drug-linker platform.




