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tagworks  Bioorthogonal reactions recap
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Examples:

Staudinger Ligation

Inverse-electron
demand Diels-Alder
cycloaddition (IEDDA)

Strain-promoted azide-
alkyn cycloaddition
(SPAAC)



Tagworks  Inverse-electron demand Diels-Alder
cycloaddition (IEDDA)

éheme 1. Diels—Alder Reactions of Tetrazines with \ NH;

trans-Cyclooctene
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tetrazine + norbornadiene

Scheme 2. Fast Reactivity at Low Micromolar Concentrations

x Devaraj et al., Bioconjug. Chem. 2008, 19, 2297-2299
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Blackman et al., JACS 2008, 130, 13518-13519
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applications
Staudinger Ligation
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\Bertozzi C.S. /

Kz = 2x103 M-'s" (CDsCN + 5% H,0)

[Al=[B]= 1uM
15.9 yr

Strain-Promoted Azide-Alkyn Cycloaddition

N
N3R; R1W<:[ N

R1w~@” —_— > N%,
R

Bertozzi c.s., Boons c.s., van Delft c.s., others

K, =4.2x102 - 1.7 M's”" (CD3CN, MeOH or PBS)

6.8d-9.2 mo

Rossin & Robillard, Curr. Opin. Chem. Biol. 2014, 21, 161-169

Bioorthogonal chemistry for in vivo

Inverse-Electron Demand Diels-Alder
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K,=1.9—2.3x10° M-'s" (PBS)
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Quick introduction to nuclear imaging
and “internal” radiotherapy



tagworks  Types of radiations for nuclear imaging
and “internal” radiotherapy

Penetrating power of different types of radiation

a @ _B
B o
Radionuclides are unstable y  awvwwywwwy
nuclei that decay to more neutron Q\

stable states by emitting

some sort of radiation PAPER ALUMINIUM LEAD CONCRETE

Radionuclides emitting y ('''In, °°mTc, etc) and B* ('8F, 8%Zr, etc) can be
used for Single Photon Emission Computed Tomography (SPECT)
and Positron Emission Tomography (PET), respectively

Radionuclides emitting B~ (""Lu, '8Re, etc) and a particles (??°Ac,
212pp, 223Ra, etc) can be used for radiotherapy of cancer
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['8F]fluorodeoxyglucose (FDG) for

PET imaging of tumor metabolism
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225Ac-PSMA-617  for  targeted

radiotherapy of PSMA expressing
tumors

Cancer radiotherapy

& before _ s after

FDG-PET of a patient with metastatic
prostate cancer before and after 225At-
PSMA-617 treatment
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Tumor pretargeting for radioimmuno-
imaging and -therapy
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Directly labeled antibodies for imaging and therapy

Antibodies (mAbs) give superior target uptake compared to fragments
BUT:

» They have slow target (e.g. tumor) uptake and slow blood clearance,
» hampering imaging applications

@ Tumor dose
B Blood dose
B Tumor & blood dose

» and solid tumors remain out of reach of radioimmunotherapy (RIT)
due to radiation dose-limiting side effects

% injected dose / gram

Injection of radioactive Systemic distribution, slow Low tumor-blood ratios afford poor
antibody tumor uptake & clearance images and lead to high off-target
from non-tumor areas toxicity limiting radioactive dose and

therapeutic efficacy



Conventional radioimmunoimaging & —therapy: low target-blood

ratios & high radiation dose to bone marrow

186Re]Re-U36 in head and neck cancer patient
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Courtesy Prof. van Dongen, Vumc

Postema et al. J. Nucl. Med. 2003, 44,1690
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..improves radioimmunotherapy and -imaging of tumors via a 2-step
tumor targeting scheme

Step 1:
Slow tumor binding with antibody

Step 2:
Fast binding with small probe with

High tumor-background ratio &
increased efficacy

%
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Pretargeting - general

+ .—@—» -

[ Tumor dose

» Overcomes limitations by separating tumor targeting from delivery of B Blood dose _ _
. . [[] non-radioactive mAb in
radioactive component blood

> 2 steps: tumor targeting of a “tagged” mAb followed by rapid binding of
a small radiolabeled probe to the tumor-bound mAb in 2" step

» Non-bound probe is excreted in a matter of minutes

% injected dose / gram

0 1 2 3 4 5d
* Chase is optional step which further
improves ratios — not discussed here

days minutes S
— —>
Injection of tagged Systemic distribution, At favorable tumor- Systemic distribution, High tumor-blood
antibody slow tumor uptake & blood ratio: injection fast tumor uptake & ratios allow high
clearance from non- of radioactive probe clearance from non- quality images and

tumor areas tumor areas therapeutic efficacy



Pretargeting pairs

Streptavidin- Bispecific Oligonucleo-
biotin antibody tides
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Verhoeven et al., Pharmaceutics 2019, 11, E434
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Chemical approach to tumor
pretargeting
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Bioorthogonal chemistry for in vivo

applications: Speed is key

Staudinger Ligation
4 o N
s Nr7 TOCH;  Ng~wR, Ryl N UNR,
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Ph Ph
\Bertozzi C.S. /
K, = 2x10-3 M-'s™ (CD3CN + 5% H,0)
[AlI=[B]= 1uM
15.9 yr

Strain-Promoted Azide-Alkyn Cycloaddition

N
N3R; R1W€[ N

R1w~@” —_— > N%,
R

Bertozzi c.s., Boons c.s., van Delft c.s., others

K, =4.2x102 - 1.7 M's”" (CD3CN, MeOH or PBS)

6.8d-9.2 mo

Rossin & Robillard, Curr. Opin. Chem. Biol. 2014, 21, 161-169

Inverse-Electron Demand Diels-Alder
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with CC49 antibody against TAG72, a pan-carcinoma marker (colon,
breast, ovarian, lung, ..

o, ﬁ%

trans-cyclooctene (TCO) \ /' tetrazine




tagworks  Blood clearance of both components

Nude mice (n=4) injected i.v. with a) 125-CC49 or 1251-CC49-TCO tag (100 ug); or b) with "In-
DOTA-tetrazine (21 ug)

60
0 TCOs/mab

4.9 TCOs/mab b) ﬁ@ M|n-tetrazine

9.3 TCOs/mab
15.8 TCOs/mab

bt

15+

0 T o T 1 —
0 50 100 150 200
Time (h) Time (min)

2.58 h; t3=64.36 h
39 h; tg=74.55h t,, =9.8 min

97 h; t,=23.49h Vp = Dose/Cy = 0.32 L/kg
05 h; t; = 10.55 h

0 TCO
49TCO
9.3TCO
15.8 TCO
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In vivo reaction in equimolar conditions

Aﬁ'”é’s‘ﬁm’“ﬁﬁdte Colorectal cancer mouse model (LS174T).
g . Injection of CC49-TCOy followed 24h later by
International Edition Chem’e [111|n]|n'tetrazme (25 eq)

GD Q h wiww.angewandte.org
S 2010-49/19

> 52 % reaction yield on the tumor
» TCO in vivo stability: t4», = 2.62 d

» TCO k, = 2.7 x104 M- s

Next aims:

» Improve tag: stability, reactivity, PK

» Improve tumor-blood ratio

Inverse-electron-demand ...

- Dibi-Aler reactoss cae b pedamal cfcseady is 4 Iviey asindd e thee
CommeetaSos oo paps 3375 L M. S Robilas! ead coworkers mpodt 4 2% yeld

vivo Betwees @ Seewe- e ol astdudy carty g rauydloocic e W,

e e » Other targets and targeting agents

e e trmod as domosarg ol by

ey o " WILEY-VCH

Rossin et al., Angew. Chem. Int. Ed. 2010, 49, 3375-3378



tagworks Slow TCO deactivation in circulation

In vivo in mice trans-cyclooctene slowly becomes unreactive towards
tetrazines

100

50

Intact TCO (%)

0 20 40 60 80 100
Time (h)

Half-life 2.62 days

In vivo TCO stability in blood in mice
(n=3) assessed ex vivo with 177Lu-
DOTA-tetrazine, corrected for 129]-
ADC blood clearance



mg'WOI’kS Mechanism of TCO deactivation

° | — IEF
> 125-.CC49 (lane 1, t = 0) and '%°|-CC49-TCO;,

M after (lanes 2 t0 5) 0, 1 h, 24 h and 48 h
PAGE incubation at 37 °C in 50% mouse serum.

> Amide bonds in linker are stable

=0

serum

250

L mee .-

CCO

Instead, we found in vitro isomerization of
TCO to the unreactive cis-cyclooctene (CCO) in

serum, 37°C rco
N

||||||||

Rossin et al., Bioconjugate Chem. 2013, 24, 1210-1217



tagworks  stability of the TCO tag

RMACEUTICALS

In vitro isomerization TCO to
cis-cyclooctene (CCO) in serum

(components), 37 °C

Medum |t _

Fresh serum 3.26 h
PBS >>7d
Vitamin B12 >>7d
Transferrin >>7d
Ceruloplasmin 6.25d
Transcuprein 1.39 h
Albumin (MSA) 0.65h
Metal-depleted 284 h

albumin (MD-MSA)

Albumin-bound Cu plays a role in

TCO isomerization

By removing the linker TCO is less
accessible and stability increases

t1/2 =2.62d
ky, = 2.7 x104 M-1s"1

t1/2 =6.19d
ko = 3.2 x10* M-1s-1

Rossin et al., Bioconjugate Chem. 2013, 24, 1210-1217



fagworks  Reactivity of the TCO tag

Axial TCOs are 10 times more reactive than the equatorial isomers
due to higher energy (strain)

W
wl/"H e W Co .
(e & > > > T [o-(men§
“axial” isomers “equatorial” isomers

2"d order constants k, x10* M-'s"! between CC49-TCQO’s & """Lu-tetrazine, 37 °C, PBS

[o}

l-t(r:lf:tures/ J\Q\/OG “g/@ n\;f@ '%G ML(OG j\\/°\@

isomers
Axial 27.310.5 10.0+1.3 16.320.3 14.8+1.2 13.510.1
Equatorial  3.2+0.2 1.3+0.1 2.9+0.2 2.5+0.4 2.1£0.0

Rossin et al., Bioconjugate Chem. 2013, 24, 1210-1217



Tagworks  Reactivity of the TCO tag

—_—_——————,e—e—e—_e—_ e e —— )

Higher reactivity comes

| |
| |
| |
at the expenses of in N cyclopropyl-TCO |
R 1T | k, =280 x 104 M-'s-1 |
vivo instability: | VA 2 |
. 0 t,» = 0.67 days i
need for compromise | H 112 = Y- y i
e e e ]
t1/2 =3.94 days t1/2 =10.3 days
A A
2"d order constants k, x10* M-'s"! between CC49-TCQO'’s & "7Lu-tetrazine, 37 °C, PBS
TCO :ﬁ\@\/ " o o ":\)\\/
structures / o Cry( e F iy o B >
o / I
isomers G ! )5 Y G !
Axial 27.320.5 10.0+1.3 16.3+£0.3 14.8+1.2 13.50.1
Equatorial  3.2+0.2 1.3+£0.1 2.910.2 2.5t0.4 2.1+£0.0

Rossin et al., Bioconjugate Chem. 2013, 24, 1210-1217



fagworks  Clearing agents

> Tetrazine-functionalized & liver-targeted albumin or microparticles
enable instantaneous clearance of tagged constructs from blood

» Removal of residual mAb-tag from circulation before administration of
the radioactive probe boosts the target-blood ratio

CA-1: Galactose/tetrazine- HO,,. 4 OH o o
functionalized albumin; hepatocyte Ho\\\‘(ojjswﬂ Albumi <HJ¢WWNJLH 7 N\
Ashwell receptor uptake NH /15-19

CA-2: Microparticles coated with o o
tetrazine-functionalized albumin; @{Hwﬂ@
—N

size-related RES uptake

Albumin



Step 1:
Slow tumor binding and clearance of antibody




Step 1:
Slow tumor binding and clearance of antibody

Step 2:
Administration of clearing agent; fast
binding with circulating antibody




Step 1:
Slow tumor binding and clearance of antibody

Step 2:
Administration of clearing agent; fast
binding with circulating antibody




Step 1:
Slow tumor binding and clearance of antibody

Step 2:
Administration of clearing agent; fast
binding with circulating antibody

Step 3:
Fast binding with small radiolabeled probe




Step 1:
Slow tumor binding and clearance of antibody

Step 2:
Administration of clearing agent; fast
binding with circulating antibody

Step 3:
Fast binding with small radiolabeled probe




tagworks Blood clearance of 125]-CC49-TCO

Tumor-free mice (n=3) injected with (A) 100 ug [2°1]I-CC49-TCOQy, (B) 20 ug ['?°1]O-CC49-TCOq
followed by 120 ug albumin CA-1, (C) 20 g ['?I]I-CC49-TCOq followed by 4x107 particles CA-2

Dot —e

)
)
J

o ® °
e o+-————r——r—r——r——r———r—r—r—r———r—

0 50 100 150 200 0 50 100 150 200
Time (min) Time (min)

Time (hours)

CA-1 CA-2

Highly reactive towards mAb-tag in blood
Efficient clearance of mAb-tag from blood through liver
No extravasation into tumor

YV V VYV V

No formation of small tag-reactive metabolites
Rossin et al., J. Nucl. Med. 2013, 54,1989-1995



tagworks Optimized pretargeting protocol

Injection of 100 ug CC49-TCOy;, clearing agent (160 pg; 30 &
48 h), ['"In]In-tetrazine (10 eq to CC49; 50 h), image @ 53 h SPECT/CT

e,

Mouse bearing

¢ =%

LS174T xenograft t=0 30h

» 46 % yield; product stable in vivo > 1 week

> 7 day "7Lu dosimetry: 8-fold
higher tumor dose (171Gy) vs.
[""7Lu]Lu-CC49

48h

>
50h 53h

T/B: 254 (ex vivo)
T/M:190

T/L: 55

T/K: 8

Rossin et al., J. Nucl. Med. 2013, 54,1989-1995



tagworks Triggered clearance of other mAbs

Prostate cancer stem cells (PC3MA3)

Amyloid-beta mAb for Alzheimer imaging with anti-CD44v6-TCO & %Ga-NOTA-Tz

60
% —e—Bv7
= —e—Bs9
£ Bv5
S 30 Y
> Bv3
e
(@]
2
)
c
<

0
0 50 100

T Time (h) T

Clearing @ 1h p.i. Clearing @ 72h p.i.

Clear 48h, probe 50h, image 53 h

Collaboration with Syvanen, Uppsala Univ Collaboration with Quinn, Missouri Univ



tagworks Pretargeted mAb imaging without clearing
agent

Orthotopic CA19.9+ Capan-2 pancreas xenograft; 200 ug 5B1-TCO
+ 1.1 eq *Cu-NOTA-PEG7-Tz 72h later.

» Rapid shedding and moderate internalization of target
> Tetrazine tumor uptake: 8.2 + 1.7 %ID/g; T/B =4

» Dosimetry: >25-fold reduction in total body radiation
exposure relative to 89Zr-DFO-5B1; >70-fold when using
68Ga instead of %4Cu

O
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Houghton et al., J. Nucl. Med. 2016, 57, 453-459



taginorks  Pretargeted - radioimmunotherapy

S.c. A33+ SW1222 xenograft; 100 ug huA33-TCO followed by 1.4 eq ['""Lu]Lu-
DOTA-PEG7-Tz 24 h later.

Normalized Tumor Volume

Survival Percentage

10
# huA33-TCO only control
® Radioligand-only control (55.5 MBq)
8 + 18.7 MBq
* 37.0 MBq
+ 555 MBq
6
It
2
0 10 20 30 40 50 60 70
Days Elapsed
100
50
o 10 20 30 40 50 60 70

Days Elapsed

N__ ‘I:
\ 1L NJ'LN{’\JOLNMN
0 Lt LI 'N H 7
o L :,’.—z‘s}ﬂ (o} 0
N7y
0

Complete remission already at the
lowest dose (18.5 MBQ)

Controls:

Saline and ['"7Lu]Lu-DOTA-Tz alone
(55.5 MBQq)

Directly labeled mAb is missing

Dosimetry: 2-to-3 lower dose to bone
marrow and osteogenic cells

Membreno et al., Mol. Pharm. 2018, 15, 1729-1734
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» Radiolabeled diabody-DOTA gives very poor tumor-to-kidney ratios
» Pretargeting may address this, enabling radioimaging and —therapy

110 4

N 0
o o
I T |

-~ Blood k|dney
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-
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\ —TT
2 4 6 8 24 48 72 96

Time (hr)
Courtesy Avipep



GQWOFKS Pretargeting improves tumor-kidney ratios

for radiolabeled proteins

64Cu-DOTA-CC49 diabody (55 kDa)

°@

TCO-CC49 diabody + "|n-tetrazine

°<Z A AVP04-07
¢ AVP04-07-TCO(1.8) ._
= v AVP04-07-TCO(4.7) @
g
S
-7
ST SEEE Y " . o
20 30 40 50
Time (h)
>
48h 50h

T/K: 6



Tagworks Tumor PT with anti-HER2 Affibody (7kDa)

» Radiolabeled Affibody-DOTA gives very poor tumor-to-kidney ratios
» Pretargeting may address this, enabling radioimaging and —therapy
» Affibodies internalize slower than full mAbs — pretargeting with dynamic targets ?

Cellular processing of Z;395-TCO in SKOV-3
cells

1004 C

80+

601 o total

404 * membrane
- internalized

% of cell associated
radioactivity

20+

. Time, h
Altai et al., J. Nucl. Med. 2016, 57, 431-6



13gworks Pretargeting improves tumor-kidney ratios
for radiolabeled peptide

anti-HER2 Affibody-DOTA-"""In (7kD) Affibody-TCO + ""1|n-Tz
o ted !
J C J

Tumor/kidney: 0.06 Tumor/kidney: 2

SKOV3 tumored mice: 30 ug Z,395—TCO, 1 eq "In-DOTA-tetrazine (t = 4h); imaging @ 5 h
Altai et al., J. Nucl. Med. 2016, 57, 431-6



tagworks Clearing radiolabeled mAbs

» Removal of tagged & labeled (e.g. 8°Zr, 124]) mAbs to boosts target-blood ratios, also
for internalizing mAbs

» Well suited to improve brain-blood ratios of BBB-crossing mAbs, e.g. in (pre)clinical
imaging & development of Alzheimer mAbs

oA + <@

1) mAb circulation &  2) Clearing agent 3) mAb cleared to 4) Improved T/NT
target binding injection & mAb liver
capture

Mﬁ

i @




tagworks Clearing radiolabeled mAbs

» Removal of tagged & labeled (e.g. 8%Zr, 124]) mAbs to boost target-blood ratios

» Partnerhip with biopharma on BBB-crossing mAbs

Stability in stock solution

100 P ;
L
S
o
O
= 50-
Q
3
£
c ) 1 ) !
0 20 40 60 80
Time (h)

TCO is stable in 8%Zr-labeling conditions.

89Zr-labeled TCO-mADb-Df solutions can be stored at +4°C for days (or can be
shipped) without losses of TCO reactivity.
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Summary - Click

« Selective binding of radioactive probe to chemical tag of antibody via
bioorthogonal reaction

« Very fast coupling system (up to k, ~ 3 x 10> M-'s-') approaching
streptavidin-biotin. High in vivo stability of tag (t;, 10 days) and
reaction product (>> 1 week)

« Boosts target-to-blood ratios: improved imaging for e.g. companion
diagnostics ('8F-tetrazines), and increased tumor dose in
radioimmunotherapy

« Low likelihood of immunogenicity compared to biological pretargeting
components: repetition

« Universal & straightforward tag conjugation with minimal
perturbation: antibodies, fragments, peptides, particles, ..



tagorks

“Click-to-release” ADC approach
to cancer therapy



tagworks  Moving from Click to Click-to-Release

Click tags for Pretargeted Radioimmunoimaging & Radioimmunotherapy (RIT)

Versteegen et al., Angew. Chem. Int. Ed. 2013, 52, 14112-14116
Rossin et al., Bioconjugate Chem. 2016; 27, 1697-1706
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Highly potent biopharmaceuticals that use the targeting ability of antibodies to
selectively bind to tumor cells where the conjugated cancer drug is released

BEF.OL;! - AFTETO.

R € antibody .: .. ‘, »
.‘0{ -
<— drug ‘-y e
o
I o
linker '1‘ {' ‘
-
e )
R -6
. - -
. '

FDG PET scan before and 2 weeks after ADC treatment
of patient with 70 Non-Hodgkin's Lymphoma tumors



tagworks  Current ADC linkers

PHARMACEUTICALS

Non cleavable linkers Acid labile linkers

R ~ TN H
N R' — N
H O R
amide R 0
cis-aconitic
O H
RxD)l\/\r(NxR' F’N_NH_R
O R

succinate spacer- amide

hydrazide
and ester linkages

Peptidase-labile linkers

R-Ala-Leu-Ala-Ala-R'
R-Val-Cit-R’

Dosio et al., Toxins 2011, 3, 848-883

Thiol labile linkers

j\/ | i

N 5-5

Ro : Y\/ \T/\/\NH_I‘I‘IAh
o

huC242-DM1 and TA.1-DM1

\”/_\/L /\/\r(NH—-huﬂ?_d-Z

huC242-DM3

MH—mAb
\(\/L%)\Al(

Tmab-DM3

|
MH—hu
R—D)l\/ \m MH huC242

huC242-DM4
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Current systems are based on intracellular toxin release by enzymes, thiols or pH

Issues
Limited to efficiently internalizing receptors

Shortage of suitable ADC targets in solid tumors

tumor cell

Less effective in heterogeneous or poorly penetrated
tumors, i.e. solid tumors

& toxin



tagworks  Click-to-Release ADCs

PHARMACEUTICALS

Stable ADC linker, cleaved by a chemical probe in vivo

2 steps: after ADC has cleared from blood, probe is
administered, triggering toxin release @ tumor

Modification of in vivo validated pretargeting tech

tumor cell

Expands the range of ADC targets: non-internalizing
receptors, extracellular matrix constituents, stroma, etc

» Advantageous in heterogeneous or poorly penetrated
tumors

»> Universal & temporally controlled release independent
from tumor biology

» Well suited for mAb fragments, or full mAbs in
combination with a clearing agent

&X linker
@ activator
& toxin



tagworksS  Moving from Click to Unclick
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tagworks

Moving from Click to Unclick

PABC linker +R-NH,

R + N,



tagworksS  Moving from Click to Unclick

PABC linker +R-NH,

+ 002

o
AL
Z > N-H

N

{oR R R
e G O = O
R R

R + N,

2

= )=

Versteegen et al., Angew. Chem. Int. Ed. 2013, 52, 14112-14116



tagworks  Moving from Click to Unclick

PHARMACEUTICALS

M
r%\—(a = / NH, > :®:NH

+ CO2

PABC linker +R-NH,

+ COZ

A toxin

HN

"

R

@)

~
=4 [l\]—H

A\
R + Np

Versteegen et al., Angew. Chem. Int. Ed. 2013, 52, 14112-14116
Rossin et al., Bioconjug. Chem. 2016, 27, 1697-1706



tagworks

O‘O‘ o
AN

OHO |/N

0
CHs, §
HO + N N
NH N__N
o=( b

» Doxorubicin can be deactivated by
conjugation to trans-cyclooctene tag and...

» .. activated again by equimolar reaction with

tetrazine probe in cell culture

N
~N

HO

Proof of concept: Dox release in vitro

g O‘O‘ o

OH O + N, + CO,

O
CHj

NH,

IC50 values determined in A431 cell line, from
concentration range incubated 72 h @ 37°C

Doxorubicin
Doxorubicin-tag

Doxorubicin-tag +
1.5 eq. probe

Probe

0.020 + 0.002
3.017 + 0.486
0.137 £ 0.012

> 100

Versteegen et al., Angew. Chem. Int. Ed. 2013, 52, 14112-14116
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Designing a suitable activator for

In vivo application



tagworks Click-to-Release - lower reactivities

Click tags for Pretargeted Radioimmunoimaging & Radioimmunotherapy (RIT)

R
W W W

* ky>1.3 x10° M-'s"

Click-cleavable linkers for non-internalizing Antibody-Drug Conjugates (ADC)

— N=N —
L

e ky~4x103 M-1s1
* release: 10 %

+ Ny, CO N=N R
et —
' + ke ~ 55 M1

]  release: 85 %
(we can use a large excess of activator!)
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Proof of principle ADC: CC49-TCO-doxorubicin

NJ\N NN
N~ _N Ns N
O OH (0]
. . Y
| "'OH
/ ]
+ 0 0 oH o In vitro release (%) 85 50
~
O .
CHs Clearance t,,, (min) 1 6
HO . . o
NH, In vivo reaction (%) 0 100

High tumor uptake of CC49-TCO-dox, 100 %
reaction with activator, good recovery of released
dox, but..

Slow mAb clearance requires use of clearing
agent

high dose of activator needed (30 mgs)
Incomplete release

0 20 40 60 80 100
Time /h

CC49 (dashed): t,, 30.4 h
CC49-TCO-Dox (solid): t;,, 26.9 h Rossin et al., Bioconjugate Chem. 2016; 27, 1697-1706

A\



tagworks Click-to-Release: reactivity vs. release

\N_N/>_ release: 50 % / dose: 10,000 eq, 268 mg/kg
W release: 90 % / dose: >100,000 eq
R@%\::/ ) | l release: 10 % / dose: 50 eq

I 1 L] L] 1 )
S & & O
e ® & & 32

ky (PBS, 37°C; M1s!) a5 a®
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“pature U
COMMUNICATIONS

ARTICLE
OPEN

Chemically triggered drug release from an
antibody-drug conjugate leads to potent
antitumour activity in mice

Raffaella Rossin', Ron M. Versteegen?, Jeremy W3, Alisher Khasanov?, Hans J. Wessels®, Erik J. Steenbergen®,
Wolter ten Hoeve’, Henk M. Janssen?, Arthur H.A.M. van Onzen', Peter J. Hudson®> & Marc S. Robillard’

Current antibody-drug conjugates (ADCs) target internalising receptors on cancer cells
leading to intracellular drug release. Typically, only a subset of patients with solid tumours
has sufficient expression of such a receptor, while there are suitable non-internalising
receptors and stroma targets. Here, we demonstrate potent therapy in murine tumour
models using a non-internalising ADC that releases its drugs upon a click reaction with a
chemical activator, which is administered in a second step. This was enabled by the
development of a diabody-based ADC with a high tumour uptake and very low retention in
healthy tissues, allowing systemic administration of the activator 2 days later, leading to
efficient and selective activation throughout the tumour. In contrast, the analogous ADC
comprising the protease-cleavable linker used in the FDA approved ADC Adcetris is not
effective in these tumour models. This first-in-class ADC holds promise for a broader
applicability of ADCs across patient populations.




tagworks  Click-to-Release of MMAE from
TAG72-targeted diabody

Objectives: faster clearing ADC, improved activator, more potent drug

PHARMACEUTICALS

o
toxin monomethyl auristatin E

anti-TAG72 H © H ©H
o A ! o_ 0 o o

Rossin et al., Nat. Comm. 2018, 9, 1484

TAGT72:

extracellular cell membrane
target, non-internalizing, low
shedding

% Patients that are Tag72 positive

Represents
>660K cancer
patients in
United States
Other, alone



tagworks Anti-TAG72 diabody L ¢

PHARMACEUTICALS

no PEG 4 x PEG,qg

" "0 DOTA-AVIPEP04-50 |
120 AT s id— " n-DOTA-PEG48-
(no PEG) AVIPEO04-50
110 1 ' 110 1
100 - ~@-Blood 100 -
i Liver
£
E 90 ~=- Spleen I 90 -
5} Kidney o
S 80 Lung $ 80 A
8 =@~ Tumor 8
- 70 4 - Carcass o
@ 8
° ©
T 50 4 t
& 40 - &

Time (hrs)

LS174T-tumor-bearing mice injected with "In-DOTA-AVP04-50 with /
without 4 x PEG,g conjugated via cysteines

Li et al., Bioconjug. Chem. 2011, 22, 709-716 Courtesy Avipep
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prostate and colorectal cancer patients

<>

&y .
L) iy £ '
A8 8L ‘ "4 Vi
. .,»'\ 3 ;'f v e
9\‘ . B %
£3 '3
0 . 6 ’ @
Day 0 Day 1 Day 2 Day 4 Day 7

»  To 5hr from blood and Tp from whole body 45hr
»  High tumor:blood ratios - 22:1 at 7 days p.i.

»  Reproducible pharmacokinetics across two dose levels (1 and 10 mg/m?2)

Courtesy of Andrew Scott (Ludwig Cancer Research; Avipep-sponsored study, disclosed at AACR and SNM
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ARMACEUTICALS

activators

X

N7
N N

Y

tio 1 min

1st generation

NTN
NN

Y

t;,, 6 Min

Slowing down the tetrazine clearance
with a chelator

15-
O
HN)K/\/U\H/\Q/O\%TH& OO :
N™ - =
. (_‘M:_lj Sl t, =10 min
¢ 7,8
LZ_N—"0 2
NN fe} o ~ )
o \_<O 5
é
x =177 1M1 0 T ¥ T —
probe, M Lu, ™In 0 50 100 150 200

Time (min)

. TP :
o ... biodistribution 1h p.i.
NS
H H Vara\
N N NH N ! N 10 1.59
Ty ek [ ¥edo 2 t, =12min 2
© © NN S & S 1.0-
;\/’_/ o = b X
NN 0 |
NTN (o] 0.5
new activator, M = Lu 00 = - 0.0- 3
NIRRT SN CIAIBC RTINS
Time (min) @ \\“9@01&60@:(\090 T
&F

Rossin et al., Nat. Comm. 2018, 9, 1484



tagworks  Anti-TAG72 diabody ADC and controls

PHA MAC UTICALS
0 0 OH )j
H H
OANI(NJ%@\)YNYKQ &4
j 0 AL 0_ 0 0. O
HN
o

O
4 © H 9 H 1 g
?N%Nmmﬁiww« © it eokpa

girn {AOMI( JL e )LIW JL\’@Y% f\@ ADC diabody R

tc-ADC anti-TAG72 -TCO-MMAE (1)
vc-ADC anti-TAG72  -val-cit-MMAE (2)

%ID/g

)\NHz
nb-ADC anti-PSMA -TCO-MMAE (1)
Blood clearance Biodistribution in tumor-bearing mice, 48 h p.i.
B - 1 mg/kg 30 s BN tc-ADC, LS174T
—- 5mglkg 87 BE vc-ADC, LS174T
30 B8 nb-ADC, LS174T
‘> 67 ,; tc-ADC, OVCAR-3
20 S, il vc-ADC, OVCAR-3
* E’ 77 nb-ADC, OVCAR-3
10 2- il
/
"
0+ T T et * 0- - ‘:
20 40 60 80 100 > < o N Qo o Y ) @
J N > S 2 @ 3 O N
Time (h 3°© & @ N N @ @ 3 & S
(h) Q S B9 Q(boo b° Q&

Fast clearance allows 2 day interval between diabody and activator
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Slow linker deactivation of TCO ADC in circulation

In vivo TCO stability in blood in mice (n=3) assessed ex vivo with 7"Lu-DOTA-tetrazine,
corrected for 125]-ADC blood clearance

100;

o
(=]
ah o o

Intact TCO (%)
o
A
o)
A

Stablllty tio= 5 dayS
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Reaction of ADC with activator leads to instantaneous
drug release and 1000-fold increased cytotoxicity

90 % release after 1h in PBS

31719.60

+ COz+N, 100 30595.50
o \ivAE Y N REAE \ivIAE
10 N
o 2 /
& )

504

abundance (%)

32480.80

e

- B
Al

20000 25000 30000 35000 40000
Cytotoxicity in colorectal (LS174T) and ovarian (OVCAR-3) mesei(a)
cancer cell culture

LS174T OVCAR-3
1004 & 1004 &=
3 X e tc-ADC
% % e tc-ADC + activator
5 = 5 i e activator
o o *» MMAE
0 0

log(conc / uM)

log (conc / uM)



g PHARMACEUTICALS

ADC activation: rapid drug release & 1000-fold higher
cytotoxicity

+ CO,+ Ny

ol I
- 31719.60 100~
1004 30595.50 ~
—~ . X 804
9 release in PBS: =
@ 90% after 1 h 2 60
(&) - (0]
§ 50 c
2 32480.80 B 40
% g 20_ w
(]
i Tl - 1 mE e | - 1
O+ T sty - T 1 0-
2000 25000 30000 35000 40000 10min 1h 20h
mass (Da)
LS174T OVCAR-3
1004 I 1001 &
® S
< g e tc-ADC
% 2 e tc-ADC + activator
<=3 5485 pM 35:1_:3M50' e activator
8 8 * MMAE
0 0
log(conc / uM) log (conc / uM)

Rossin et al., Nature Commun. 2018, 9, 1484
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Complete reaction of tumor-bound ADC with excess
tetrazine

m ° s

|
o= NS .‘
0 N__N N__N
Bt activator or | 177|_y-probe
P 1 vehicle 1
— 77 u biodistribution
t=0 48h 51h
i:l i BB tc-ADC, LS174T
T Biodistribution of 177Lu- : tc—igg +O Tgi\aéog LS174T
o v/4 tc- 2
‘o 21 probe ,
g tc-ADC + activator, OVCAR-3
°
1-
0_
O $ & O Q % ) )
O O 2 N \2 Q O &
\O \9@ ,(\Q) W \§ ‘%Q\Qu \i)boe,‘\ @ofo ,00

tumor-bearing mice (n=4) injected with 1) tc-ADC (0.033 umol/kg) , 2)
vehicle or activator (0.335 mmol/kg; 48h), 3) '"7Lu-probe (0.335
pumol/kg; 51 h), biodistribution @ 54 h.



tagworks  Click-to-lmage-Release

)R\ + CO+N,
N v IR |
N N__N + HN—
LS174T-mice inj. 1) tc-ADC; 2) 1 eq "In-Tz o= é a .
@ 48h; 3) imaging/biodistribution @ 51h

B
/N

7y

a) tc-ADC + "MIn-activator
b) "in-activator
c) tc-ADC + "In-probe

087¢ a

© ¢ b TS

% 6‘ ¢ C —

2

Q 4- ¢

e

G 2

S -~ T

= ol =t = *
Kidney L Muscle

0.33 £ 0.07 % 0.11+0.06 % 6 % ID/g
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Free MMAE concentrations in vivo

R +C02+N2
A |
T A
R
~N
P
R
,2\400‘ b ¢ tc-ADC + activator
i ** . ¢ tc-ADC + vehicle
< 200'
=
= -
10
w 5 oe o .
i o’  3d
0 ° Lot S0t 000 Lo RGP VO Speve
T T T I
72h 96h 72h 96h 72h 96h
tumor plasma liver

LS174T-mice inj. 1) tc-ADC (0.033 pmol/kg) , 2) activator (0.335 mmol/kg; 48h),
biodistribution @ 72 and 96 h, MMAE extraction



fagworks  Therapeutic efficacy in OVCAR-3
tumor bearing mice

5~ 12001 &~ 1200-
e e
E E
© 8004 © 8001
e e
=, 3
S S
— 4001 — 4004
> =
(@] (@]
: :
= 0 o= O L 1 ] ] L]
0 50 100 0 20 40 60 80
days days
100 = tc-ADC 3.75mg kg™' + activator ADC diabody R

~ ol — -

X 80 ™ tc-ADC 3.75mg kg tc-ADC  anti-TAG72  -TCO-MMAE (1)

e | 1

g 60 " ve-ADC 3.75mg kg 1 Ve-ADC  anti-TAG72  -val-cit-MMAE (2)

% 40 -+ nb-ADC 3.75mg kg™ + activator b-ADC ant-PSMA  -TCO-MMAE (1)

20 -=- gctivator
0 . , = vehicle
0 50 100

days

Mice inj. within 2 weeks with 4 cycles of 1) tc-ADC, 2) activator (0.335 mmol/kg; 48h)



tagworks Click-to-Release: reactivity vs. release

/ N N=N N— l
)
/N L7 i |

Y S P
S & S
PN &

ky (PBS, 37°C; M1s!) a5 a®

release: 90 % / dose: 10,000 eq, 36 mg/kg

release: 50 % / dose: 10,000 eq, 268 mg/kg
release: 90 % / dose: >100,000 eq

release: 10 % / dose: 50 eq
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Pyrimidine tetrazines: boosted reactivity, slightly lower

release

C>—<\/>—

> ky,~ 1000 M-1s™"
> release: 65-75 %

0 — Fan et al., Angew. Chem. Int. Ed.
% ro;/g ‘ 0 ) 2016, 55, 14046
M VQ\oﬁvNH [N i ﬁ N?Nm/\/NWO\/rN)K/N\/N
\/g N LN 0 H \—COOoH
i o Q‘ N
Ny ;o N 2
Ny N (¢}
T HOOC— COOH
NCNW’LWO\/}COOH NCNY\/A‘MH =N N=N E/\)N\/ (N N
/NW)\\N,‘N 0 /NYL\N,L o) o (N/H J M T(Vo\/\N)QN )
&/‘N 3 &/‘N 4 5 6 ¥000H
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activator or T

100-
S
€ 801
2
? ? %S 601
NTSN NTSN X0
N NT/N 59,: 40-
= O
177 u-probe & S £ 20
. " . . w o
| | Dbiodistribution 8 |
> S T N P U PN
N & & & & & <
S
48h 51h OO RN
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Same therapeutic efficacy of pyrimidine tetrazine at
20-fold lower dose

[e]

o o
H N v
HOOC—, coon N\n/\/\H/N\%\O/i\(NH [N\)\}I\i:’\f-\l,o
K)N\/ (N/\N) H o) o) Q\JN\)AO
X N. ~ i
L e ) 500 eq 7 10,000 eq
o) H \—COOH T
100- 1004
T -# tc-ADC + activator = mp
2 ° 4
2 = tc-ADC S
2 50 -=- vehicle _g 604
g =
8 S 40-
7
e 20-
0 T T T 1 O' - T 1
0 10 20 30 40 50 0 20 40 60
Days days

Rossin et al., Nature Commun. 2018, 9, 1484

LS174T tumored mice inj. i.v. within 2 weeks with 4 cycles of 1) tc-ADC (3 mg/Kg), 2) activator
(17 umol/kg; 48h)



tagworks Click-to-Release: reactivity vs. release

RH\::/H\:} release: 70 % / dose: 500 eq, 0.6 mg/kg
J_<ZZ/>_ release: 90 % / dose: 10,000 eq, 36 mg/kg
o> ::% release: 50 % / dose: 10,000 eq, 268 mg/kg

%\:Z:)_ release: 90 % / dose: >100,000 eq

i L <) l release: 10 % / dose: 50 eq

' L] 1 )
0 0 & &
e ¥ & &3

ky (PBS, 37°C; M1s!) a5 a®



tagworks Click-to-Release: reactivity vs. release

confidential

I release: 100 % / dose: 250 eq, 0.3 mg/kg
release: 70 % / dose: 500 eq, 0.6 mg/kg

release: 90 % / dose: 10,000 eq, 36 mg/kg

D, o release: 50 % / dose: 10,000 eq, 268 mg/kg
%\:Z:)_ release: 90 % / dose: >100,000 eq

l release: 10 % / dose: 50 eq

S & 3o
ky (PBS, 37°C; M1s!) a5 a®



New C|ICk to-release reaction: swapping TCO and
tetrazine

0 H HO
QH/U\O i N

R O
Ly o, O oL, @ — i L O
N__N N o N N~
& : T
R
Allows use of highly reactive
sTCO as activator to boost @}R

reactivity of system 100-fold

Envisioned mechanism



tagorks

New click-to-release reaction: swapping TCO and
tetrazine

@NTOI - 20% MeCN/PBS@37°C: 1:2; S
N NH o °
N @ * @ Stability t,,: 75 days § oo% @>
Release t;,: 10 h f 40%
20%
00%
0 20 40 60
t (h)
TAG72 diabody R;Njo 0 Linker Drug: MMAE Activator

2:
P D Do S

R= M AN \/\o/\)k /io N O g O g O g SO0 j Reactivity (k2)3 42000 M-'s-1
SO0 SO At Max release: 70 % (within 24 h)

\/\o/\/ \/\0/\/ ~

OH



tagworks Click-to-Release: reactivity vs. release

@R _ release: 70 % / dose: 10 eq, 0.012 mg/kg

confidential I release: 100 % / dose: 250 eq, 0.3 mg/kg
R/%}': :/H\: ) release: 70 % / dose: 500 eq, 0.6 mg/kg
J%\N:Z% release: 90 % / dose: 10,000 eq, 36 mg/kg
o> ::% release: 50 % / dose: 10,000 eq, 268 mg/k¢
T release: 90 % / dose: >100,000 eq

R@S :/@ l release: 10 % / dose: 50 eq

I 1 L] L] 1
0 0 & &
e ¥ & &3

k, (PBS, 37°C; M-'s™) RPN
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Other applications of the IEDDA
pyridazine elimination reaction



fagworks  Protein uncaging in vivo

PHARMACEUTICALS

Genetic incorporation of masked lysine in luciferase and its in vivo intracellular
unmasking with tetrazine

Incorporation of a single cleavable TCO at the right position can deactivate
the protein. Protein activity can be restored on demand, also intracellularly,
upon treatment with a tetrazine activator.

G. Zhang et al., ACS Central Science 2016, 2, 325-331



local drug activation

Click-to-release approach to

Local Hydrogel

Pro-Drug ; P
A Injection B Dosa C Concentration | D Activation
Pro-DLug
HMT %\“
‘5‘%& . Ve Drug
| ¢ 9l Release
*. Tumor '. *. *ﬁ.
Hydrogel Hydrogel Hydrogel
|
>|< >|< N=N X N=N
N o N7 N
O e
N ﬁ/N o N < N
Y Dl Y o Y 0-=c:0
g o N,
Hydrogel Modified with | TCO Modified Drug
Tetrazines (HMT) (Pro-Drug) Drug Drug

Meija-Oneto et al., ACS Centr. Sci. 2016, 2, 476-482
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local drug activation

Click-to-release approach to

Nude mice bearing HT-1080 soft tissue sarcoma locally injected with a Tz-alginate
gel followed by TCO-Dox prodrug i.v.

2 8%
o (=
o [=]

Median Tumor Volume, mm?3

o

1500 -

1000 +

500 +

N_ _Me
N <
22N /I\ ;\[;
oy
R
(
O. _NH
H
A=y coNa
H -0l | Hp
OH el R
OH H H _'.:'_..
OH OH

A Doxorubicin

'y
I
i
I
!
I

I

]

® Doxorubicin Pro-drug

Treatment Period

t 25 50

75 100 125
Time (days)

Meija-Oneto et al., ACS Centr. Sci. 2016, 2, 476-482

5/10 tumors treated

(the remaining mice were
euthanized with > 2 gr
tumors)

Promising approach for
treatment of tumor
resection areas (to eliminate
residual tumor cells)



Tagworks  Click-to-release approach to
local antibiotic activation

o b O N, o
N\)J\ N
3 " ' N—l\ ;
~H
7 CONHz O NH 0 0
0 ’0 HO,C” HN o HO

N
N /Y \)J\N /Y HO,C._ o o
HISCQ\H/NH COQH Cl Cl
0 71)\ ,E HO \Q/o
HO® “0
OH
TCO-Dapto -

Saline TCO-Vanco TCO-Vanco

+ + 4 syringes prior
TAG-Cy5 UG-Cy5 TAG-Cy5 to injection

Tetrazine-loaded gel
Gelat6 h :Ii l l u (TAG) in combination with
Gel TCO-Vancomycin
’ (fluorescent) eliminates bacterial
Recienaken £ :.L_‘“ I\‘ - infection in 24h
4
Bacteria at 24 h :lej

MRSA Bacteria
(luminescent)

Czuban et al., ACS Centr Sci 2018, 4, 1624



tagworks  Enzymatic Tz accumulation followed
by pro-drug uncaging

Tumor bearing mice injected with 3 cycles of 50 mg/kg Tz + 30mg/kg TCO-Dox

C/@/?fim:] o) M ©:/ l/\/\» T 0
Temporal control o ﬁg\ﬁ: o 0 oH inv-DA_ ) o o + 5 o OHOQ
O i

(sequential addition) e N (3
A s oo MEEQ ¢00

rmal cell Cancer cell Spatial control
(enzyme distribution)

Yao et al., Nature Comm. 2018, 9, 5032



Intracellular RNA delivery

Cleavage of siRNA from nanoparticle carrier

o

//i'nactive siRNA nanodrug

=

Khan et al., Chemical Science 20

17, 8, 5705

chemical

stimulus

activated siRNA nanodrug

and many more...

N
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Summary — Click-to-release

» Click-cleavable ADCs expand ADC scope to non-internalizing targets
& platform technology for controlled payload delivery to TME

» Diabody ADC: high tumor uptake, fast clearance, low systemic
exposure

» High intratumor MMAE levels, minimal washout, no toxicity observed

» Potential for homogenous drug distribution and activation of tumor-
residing immune cells

» Platform technology with a variety of application, also in synthetic
chemistry

» Broad chemical scope: L OO HO ™~
(0] /'

Sy Yy

O

BASL o *
180,

Versteegen et al., Angew. Chem. Int. Ed. -
2018, 57, 10494—10499 TR A~



Tagworks’ Click-to-Release
A platform technology that can be used with a broad array of immune modulators

N
Targeting

p
@ molecule

- c . ( linker / mask
/Appllcatlons. @ activator

Drug unmasking B o

(8 Tumorcan |
@ @
} N L

5 .

Drug Release

® @,
N %

a

¥

+

Examples: TLR agonists, STING
agonists, cytokines, etc

Examples: masked T-cell
engagers, immunocytokines, etc /
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In-licensing -

Series A Funding

Series B
Funding

Out-licensing or
Series C Funding

P
V — N
7/ ¥ Leas TP Precinical . ( "/"'T‘ Approved
\¥ [ | : eda recmlca, Pprove
. . y y ' Discovery ; rLOpnmlzatlon bevelopmen,lNDt Phase 1 {‘ Phase2{ Phase3 (NDA> Drug
pipeline i g g Nl g W NN A
% A X J\ J\ J
Y Y Y

Discovery Phases

Our business plan

Pre-Clinical Phases

(CRO or Partner)

Commercial Phase
(Partner)

Clinical Testing

Product Development and Licensing Technology Licenses and Services

Tagworks

Tagworks Product
Licensee
Preclinical
Phase I/lIIA
Phase 1IB/III

Commercial

Licensee




