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In 1957, Mathé firstly tried to
conjugated the methotrexate
with antileukemia 1210 antigen
immunoglobulics  for  the

ADCs at a glance

Target antigen

Antibody

Linker

In 1910, Paul Enrich
proposed the concept of

“Magic bullet™

In 1975, the hybridoma

REVIEW ARTICLE  OPEN
Antibody drug conjugate: the “biological missile” for targeted

cancer therapy

Zhiwen Fu'?, Shijun Li'?, Sifei Han>#, Chen Shi'?* and Yu Zhang'?*

& Key functions

Recognition of target
cancer cells

Guidance system for
cytotoxic drugs

Bridge between antibody
and drugs and to control
the release of drugs
inside cancer cells

Warhead for destroying
cancer cells
In 2019, polatummab
vedotin was
In 2019, enfortumab
vedotin was approved
In 1991, serious immunogenicity In 2019, fam-trastuamab
of murine monoclonal antibody deruxtecan was approved
limited the further development of >
ADC In 2017, inotuzutmab In 2021, loncastuximab
ozogamicin was approved tesirine was approved

In 2021, disitamab

In 1983, the first human
the clinical trial
conducted  for  the

conjugates of vindesine-
CEA

ClinicalTrials.gov

A service of the U.S. National Institutes of Health

Find Studies About Clinical Studies

BB Trials



ADCs at a glance

Linker

Attachment
) site

All ADC’s are made of :

v A delivery system (mADb)
v A Linker (+ atftachement site)

v A highly cytotoxic drug (« Payload » or « warhead »)

v' Characterized by a DAR (Drug/Antibody Ratio)



ADCs at a glance

linker

Acid-labile hydrazone-based linker
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ADCs at a glance

'Y 4% - /
Target Antigen (7251 . | Antibody Selection R\
(L
v" Expression on tumori/target tissue (ﬂ; ["gu v Antibody format
(i.e. tumor specific) (e.g. full, Fab fragment, etc.)
v" Expression on healthy proliferating tissue v" Higher specificity and affinity
v Homogenous or heterogeneous ¥ Low immunogenicity
expression (i.e. human vs. humanized vs. chimeric)
¥ Internalization occurs upon receptor ¥ Fe-gamma receptor & FcRn binding
\ interaction )
O L
Linker }40 . | Cytotoxic Payload
v" Mechanism of drug release v Capable of attaching to linker technology
v" Stability in systemic circulation ¥" Onloff target cytotoxicity (i.e. potency)
v" Cleavable versus non-cleavable within v Bystander effect
tumor cell v PKIPD of free drug
¥ Site of conjugation (to cytotoxic drug & (e.g. stable at physiological pH, metabolism)
antibody) ( Optimal DAR )
/

It's all about chosing:

The right Target Antigen (fumor specific)

The right mAb (PK features, anfiproliferative activity)
The right Linker (tumor specific release)

The right Payload (super-toxic)

i el



ADCs at a glance

Name Leav(x) Indication Target Paylaald
Approved
Gemtuzumab 2000 and Acute myeloid CD33 Calicheamicin
ozogamicin 2017 leukemia (DNA cleavage)
Hodgkin lymphoma, Auristatin
Brentuximab vedotin 2011 anaplastic large cell CD30 (microtubule
lymphoma inhibitor)
HER2-positive breast Maytansine
?nﬂ?;;g?i?zumab 2013 cancer (after prior HER2 (microtubule
anti-HER?Z2 therapy) inhibitor)
B-cell precursor acute . ..
Inotuzuljne‘xb 2017 lymphoblastic D22 Calicheamicin
ozogamicin toukamis (DNA cleavage)
Pseudomonas
Moxetnmom 2018 Hairy cell leukemia CD22 cxptoam A
pasudotox-tdfk y (induction of
apoptosis)
; 3 Auristatin
P?latuzumah vedotin- 2019 leﬁ:se la}rlge B-cell CD79% (microtubule
puq ymphoma inhibitor)

: Auristatin
e 2019 Urothelial cancer Nectin-4 (microtubule
ejfv e

inhibitor)
HER2-positive breast D
eruxtecan
Fam-trastuzumab cancer (after two or :
1 2019 . : HER2 (topoisomerase
deruxtecan-nxki more lines of anti- iribibatoR)
HER2 therapy)
Sacituzumab govitecan- Triple-negative breast SN-38
i 2020 R AT Trop-2 (topoisomerase |
hziy cancer i
inhibitor)

Abbreviation: FDA, U.S. Food and Drug Administration.

Tumor-specific
Little or no-expression in healthy cells

Avoid off-site effects o

g |

L

« super-toxic » (IC50 in pM)
Diffusible & Stable
Bystander Effect
Off-target Effecte

Off-site Effect ¢



ADCs at a glance

REVIEW ARTICLE OPEN
Antibody drug conjugate: the “biological missile” for targeted

cancer therapy

Zhiwen Fu'?, Shijun Li'?, Sifei Han**, Chen Shi'#™ and Yu Zhang'?™

Clq

" Drug release from

.:. B ——————————
cleavable linkers
- / Lysis
\| % .‘.

/ Drug release from cleavable
< and non-cleavable linkers

Log-In, Internalization, Payload Relase
(+ ADDCC/ADCP, + bystander effect)



ADCs at a glance

v’ Bystander effect: myth-orreality2 . RNCER ‘

Home About Articles For Authors Alerts

Visualization of intra-tumor pharmacokinetics of [fam-] trastuzumab deruxtecan (DS-
8201a) in HER2 heterogeneous model using phosphor-integrated dots imaging analysis

Mikiko Suzuki, Shigehiro Yagishita, Kiyoshi Suginara. Yusuke Ogitani, Tadaaki Nishikawa, Mayu Ohuchi, Takashi Teishikata, Takahiro Jikoh, Yasushi Yatabe, Kan Yonemori,
Kenjl Tamura, Kosel Hasegawa, and Akinobu Hamada
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ADCs at a glance

v Trastuzumab Deruxtecan.... works in HER2-low tumors too!

o LWUGIN |

ASCO Daily News

NEWS ~ COMMENTARIES ~MEETINGS TOPICS  PODCASTS  ABOUT Enter words / phrases / DOI / ISBN / authors / keywords / etc.

2022 ASCO ANNUAL MEETING

DESTINY-Breast04 Establishes
Trastuzumab Deruxtecan As a New f\ﬂ%\,ﬁ A‘?‘MSES%
Standard of Care for HER2-Low e

Science & Tech
Metastatic Breast Cancer
The medication that is extending survival for

June 6, 2022 patients with advanced cancer

Ehe New Hork Eimes

Breast Cancer Drug Trial Results in
[ [w]=]+] An annual |!u'«_-1iu;v. of oncologists Il.l\‘llll\'('”('(l new (:nllll*ill.llil)ll\ of known drugs ¢ 9 .
that are achieving remarkable results in prolonging life expectancy Unheard. Of Survlual

For some patients with metastatic tumors not significantly
COMMENTARY .
'It's an ADC World" New Breast Cancer Data From affected by other forms of chemotherapy, the treatment halted

ASCO 2022 their cancer’s growth.

The Washington Post

ssssssss

This Drug Could Transform Breast Cancer
Treatment




No oral route
Reduced Fif s.c. route

Biologics: PK characteristics

Absorption mAb based
blologlc

SC or IM Injection IV Injection
Convective Extravasation
from the vascular space

to the interstitial space

Systemic

Circulation B
‘ 7 BN =7 ) . . .
QJO@&’Q". = Little distribution
| T = Vd = plasma volume!
Pmsystemu: )/’ \l\ » Hardly reaches solid
NPl D degradaton U W tumors!
the lvmphiﬂcm":;r Drainage through the
SC or IM administration . ROMPRSGE Sysen
Immune Complex . Target-Mediated
Formation Elimination
ADA et Targe
formation = recycling Target + "o
= Proteolysis
Unspecmccmbouc = ADAs
Degradation = FCRn recycling
= TMDD

The PK of biologics is tricky to capture!



ADCs: which PK?

, | mAb PK
\] (with shortened half-life)

Attachment
| Antibody | site

|
Intact scaffold

WN\Y /4 ((\3\\ 6(\\%
S oX
Blank Released
MAD Payload u

Usually ADCs are expected to remain intact in the blood flow... but second
generation linkers are less stable in plasma (+ bystanding effect)



ADCs: which PK?

Comparative PK: ADC vs. Released Deruxtecan
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Time From the Start of First Dose (days)
Doi T et al. the Lancet 2017

Released payload/ADC ratio: 1/100 000!
depends on the linker technology (2d generation: higher release)



ADCs: which PK?

e Renal failure * agee

e Liver failure * sexe

* age e albumin?g

e obesity e cachexia?

e gene polymorphisms * Body Weighte BSA ¢

* sex e gene polymorphism 2
e DDI e tumor burdene

Unlike payloads, sources for PK variability with ADCs remain largely unknown.....
but nobody has ever heard of most payloads before!l



ADCs: which PK?

. antibodies m\p\py

Review

Clinical Pharmacology of Antibody-Drug Conjugates

Iftekhar Mahmood

Table 2. Pharmacokinetic parameters of FDA approved ADCs (only the antibodies).

ADCs Dose CL (mL/h) Vs or Ve (L) Half-Life (Days)
MYLOTARG 9 mg/m? 350 21 26
ADCETRIS 0.1-3.4 mg/kg 65 6-10 4-6
BESPONSA 1.2-1.8 mg/m? 33 12 12.3
POLIVY 1.8 mg/kg 900 32% 12
KADCYLA 3.6 mg/kg 630 31 4
ENHERTU 3.2-8 mg/kg 420 28% 5.7
PADCEV 1.25 mg/kg 100 11 3.4
TRODELVY 10 mg/kg 140 3.2 16 h
BLENREP 2.5 mg/kg 900 11 12

* Volume of distribution of the central compartment. Compiled from the FDA package inserts and refer-

L) L) L)

Dosing in mg/kg Reduced Shortened
or mg/m? Distribution Half-Life
(< TL/KQ) compared with
parent-mAb

ences [12,13].



ADCs: which PK?

v' Sources of variability?

. antibodies @\Fy

Iftekhar Mahmood

Review
?‘(‘ / Clinical Pharmacology of Antibody-Drug Conjugates

Table 3. PK parameters (mean -+ sd) of Gemtuzumab Ozogamicin in children following 9 mg/m? in
period 1 as a function of age.

Age (Years) CL (L/h) Vs (L) Half-Life (h)
Infants (0-2), n =2 0.03 = NA 2.9+ NA 113 £ NA
Children (3-11), n =5 0.06 £+ 0.03 39+19 45.6 + 30.8
Adolescents (12-16), n =7 0.26 + 0.30 94+ 6.6 62.0 + 16.5
Adults (n =59) 0.27 +0.23 209 +21.5 724 + 420

NA because n = 2.

Young age (i.e., below 11 years) can significantly change PK
parameters




ADCs: which PK?

/ s o U rc es Of vq ri q bi I ity? Cancer Chemather Pharmacol (2014) 74:399-4 10

DOL 10.1007/500280-014-2500-2

ORIGINAL ARTICLE

Population pharmacokinetics of trastuzumab emtansine

. (T-DM1), a HER2-targeted antibody—drug conjugate, in patients
with HER2-positive metastatic breast cancer: clinical implications
of the effect of covariates
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In adults, differences in age do not influence PK parameters




ADCs: which PK?

v' Sources of variability? ot et 17541

DOL 10.1007/500280-014-2500-2

ORIGINAL ARTICLE

Population pharmacokinetics of trastuzumab emtansine
(T-DM1), a HER2-targeted antibody—drug conjugate, in patients
with HER2-positive metastatic breast cancer: clinical implications
of the effect of covariates

e~

© p-

E 2.01 2402  n=145 n=58 n=66 “TEIS 61 n=402  n=145 n=58 n=68

" :> |

d 1.5 o) 5

T N

N s 4,

E 1.0' y E !

c ' S 31

o ) 1

c 0519 Q@

b @ 27

© T

s 0.0 3 11

3 ' ' § ' O ' ' j '

'S) US Western Asia Other US Western Asia Other
Europe Region Europe

Nor Ethnicity




ADCs: which PK?

/ s o U rC es Of vq ri a bi I ity? Cancer Chemather Pharmacol (2014) 74:399-4 10
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ORIGINAL ARTICLE

Population pharmacokinetics of trastuzumab emtansine
(T-DM1), a HER2-targeted antibody—drug conjugate, in patients
with HER2-positive metastatic breast cancer: clinical implications
of the effect of covariates
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ADCs: which PK?

v' Sources of variability? ot et 17541

DOL 10.1007/500280-014-2500-2

ORIGINAL ARTICLE

w
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v' Sources of variability?

Crraugn rangs
TMBD
ALBU

ECD

TEL

AST

Body weight

ADCs: which PK?

0 ! H H ! =0
0.7 pgtml 31 pgiml AUC range
30.3 om {-21.5%) 1.5 om {+39.7%) Body welght
33 gL (-30.2%) 4B gL [+27.6%) TMED
332 ngfml [-30.1%) B.5 ngimL {+15.29) ALBU
& gl {0%) 54 pgfml (440, 7%) ECD
&4 L [-21%) 15.3 LWL (+16%) AST
43 kg (~15.6%) OE kg {+19.4%) TEL

Baze=1.6

Cancer Chemother Phurmacol (2014) 74:399-410
DOL 1010075002800 14-2500-2

ORIGINAL ARTICLE

Population pharmacokinetics of trastuzumab emtansine
(T-DM1), a HER2-targeted antibody—drug conjugate, in patients
with HER2-positive metastatic breast cancer: clinical implications
of the effect of covariates

Steady-State AUC (daysug/mL)
170 260 4:1{}' 530 EEIEEI

250 pgeday/ml 514 pgedayml

40 ke —16.6%) OF ki (+18.79%)
3003 crm (=6, 1%) 1.5 cm [+8.75%)
33 gL [-8.8%) 48 gl {+5.9%)

332 ngiml {—B.7%) B.5 ngimL {#3.9%)

B4 LML [-5.955) 15,3 UL (+4.1%)

o pgimL (0% (R0 54 pgiml {+8.9%)

Base=372.9

Tumor burden, albumin, Her2 serum levels partly impact

(N.B.: bioanalytical precision: 15%)



ADCs: which PK?

v' Sources of variability?

2023 ASCO

ANNUAL MEETING

UGT1A1 *28/*28 genotype and risk of toxicity and disease progression
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ADC: PK/PD characteristics

v PK/PD relationships are not fully elucidated

—logp

® - Peak concentration?
5 _' ?
150 " 4 . Mean Css

1008 ° . Trough levels
[ ]
Whole plasma e.0
Exposure? b

50

ug/ml
[

Time [t,5]: 1 2 3 4 5 6

What is the right metrics (if any relevant)e { Efficacy
What is the right entity (infact ADC vs. Payload)? * Toxicity



v’ Brentuximab vedotin

Survival can be associated with exposure (AUC) =

PFS

ADC: PK/PD characteristics

ADC AUC quartile
—-- 1960.4-3015.4
-—- 3015.4-3779.2
----- 3779.2-4650.4
------ 4650.4-8569.7
— Active control

0.0 T T T T T T T — — T
0 S0 180 270 360 450 540 630 720 810 900 990

Days

Suri A. et al. 2018

ARTICLE

Population Pharmacokinetic Modeling and
Exposure—Response Assessment for the
Antibody-Drug Conjugate Brentuximab Vedotin
in Hodgkin’s Lymphoma in the Phase |l
ECHELON-1 Study

Ajit Suri"™, Diane R. Mould?, Gregory Songl, Graham P. Collins®, Christopher J. Endres‘i,
Jestis Gomez-Navarro' and Karthik Venkatakrishnan'

1}
iy & »
105 et vimab vedot




ADC: PK/PD characteristics

ARTICLE

Population Pharmacokinetic Modeling and

v’ Brentuximab vedotin Exposure—Response Assessment for the
Antibody-Drug Conjugate Brentuximab Vedotin
in Hodgkin’s Lymphoma in the Phase lli
ECHELON-1 Study

Ajit Suri"*, Diane R. Mould®, Gregory Song', Graham P. Collins’, Christopher J. Endres”,
Jestis Gomez-Navarro' and Karthik Venkatakrishnan'
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Suri A. et al. 2018

Safety can be associated with exposure (AUC)



ADC: PK/PD characteristics

v Inotuzumab ozigamicin
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ADC: PK/PD characteristics

v Trastuzumab deruxtecan Ex_posure-Resppnse Relation_ships in Patients
With HER2-Positive Metastatic Breast
Cancer and Other Solid Tumors Treated With
Trastuzumab Deruxtecan

Opbhelia Yin"*, Hiroji Iwata®, Chia-Chi Lin®, Kenji Tamura®, Junichiro Watanabe®, Russ Wada®,
Helen Kastrissiosé, Malaz AbuTﬂrifl, Tushar Garimcl]al, Caleb Lccl, Lin Zhangl,_]uvad Shahidi' and
Frank LaCreta'

Confirmed central ORR
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o P o B Doy agRcesedigy BIRMEBLC QX O o 9 0o o No (N=119) B i
o ovariate Percentile Value Probability
= 59/84
= 56/84 55/84 __—7
E S 48/85 i Intact Cavg 1o ORR (ug/imL) ~ Median  33.9 — @ 0.649
o
% 8 i 5th 16.7 — 0.557
£
3 g ] 25th 266 I X 0.61
©
Kol
° 9
o T5h 414 R X 0.686
= p=0.028
0 20 40 60 80 95th §4.4 e | 0.745
Intact Cavg to time of ORR (ug/mL) LA T S S S
| I | 6.4 mg/kg cohort e
| I | 5.4 ma/kg cohort

ORR is associated with exposure (Cavg)



From PK/PD characteristics to dosing
v Approved dosing is expected to:

* Ensure optimal toxicity/efficacy ratio

e Smooth inter-individual variability

* Maintain most patients in the therapeutic window
e Limit treatment discontinuations due to A.E.s

v'ADCs are given as mg/m? or mg/kg

* Unlike oral targeted therapies and immune checkpoint inhibitors (flat dosing)

v'Postulates a direct link between body mass and clearance (the bigger the patient, the more you put)

v Actually, only requires that Cl=f « BWy with y>0,5 (i.e., no clear direct link is necessary)



From PK/PD characteristics to dosing

* Which metrics?

e Payload or ADC?

* Which PD endpointse

e Single agent or combination?
* Which disease?¢

Identification
Therapeutic Window

e m2orkg ¢
e flat-dosing?
e univocal therapeutic window?

Deciphering PK/PD and
relevant covariates

* Which Dose?
Determination of * Which Frequency?¢
dosing and scheduling e Capping the dose?
e Capping the number of dosese




A variety of capping and adjustments

Inotuzumab Ozagamicin ‘]ﬁ’@

Enfortumab Vedotin ﬁf@

Brentuximab Vedotin

Polatuzumab Vedotin ][.

Trastuzumab Deruxtecan

0,5 mg/m?D1/D8/D15 = 0,8 mg/m? D1 + 0,5 mg/m? D8/D15 if no CR

1,25 mg/kg = 125 mg max )

Same Payload
Different mAbs

1,2 mg/kg = 120 mg max is associated to chemo Different Linker

1,8 mg/kg = 180 mg max as single agent

12 doses max if Hodgkin Lymphoma Different Dosing

6-8 doses max if peripheral T cells Lymphoma Different
capping

1,8mg/kg = 6 cycles max

Breast: 5,4 mg/kg (no capping)
Gastric Cancer: 6,4 mg/kg (capping)



Sacituzumab Govitecan ‘]fo

% Owverall Response Rate I

% Clinical Benefit Rate @
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Randomized dose-finding study (if PK/PD remains elusive)

CRC
mm NSCLC

mm SCLC
mm TNBC I

-1931514 1ﬂ16539

8 mgfkg 10 mg!kg

CRC
Bm NSCLC
mm SCLC
mEm TNBC

8 mglkg 10 mg/kg

Original Article

Sacituzumab Govitecan (IMMU-132), an Anti-Trop-2-SN-38
Antibody-Drug Conjugate for the Treatment of Diverse
Epithelial Cancers: Safety and Pharmacokinetics

Allyson J. Gcean, MD'; Alexander M. Starodub, MD, PhD?; Aditya Bardia, MD, MPH®; Linda T. Wahdat, MD';
Steven .J, Isakoff, MD® Michael Guaring, MD* Wells A, Messersmith, MD®; Vincent J, Picozzi, MD®; Ingrid A, Mayer, MD7;
William A. Wegener,

10 mg/kg performs better

than 8 mg/kg

MO, PhDY; Pius Maliakal, PhD®, Serengulam V. Govindan, PhO™ Robert M, Sharkey, FhD ? and
David M. Geldenberg, Seb, MD?
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Unclear PK/PD relationships
(i.e., SN38 levels hardly predict neutropenia)



The next frontier of ADCs

. Combinatorial strategies

2023 ASCO

ANNUAL MEETING

2023 ASCO

ANNUAL MEETING

ADC combinations under consideration
» Can lead to additive or
synergistic anti tumor

ADC + PARPi combination

as with PARPI to inhibit tumor growtr

»an (IMMU-132) synergiz

_ - Saline
0 Olaparlh (50 mg/kg)

“0- Control ADC (200 g
~® - Olapatib plus Control ADC

T O MMU132(200 g)
-0 Olaparib plus MMU-132

$ ADC Administration
4 Oparib sdeministravon

0 ¥ 2 &£ % 70 4 W 112
Time post tumor transplant (days)

BRCA WT cell line

effects

e Can help overcome
primary or acquired drug

resistance

p3ASCO  [PRRTRPRY e Enka P Hamio, Drector roast Cancar Research Program, SCRI

ADC:s to be further associated with targeted therapies ¢



The next frontier of ADCs

2. Next generation’s ADCs

anti-EGFR/anti-HER3 antibody-drug conjugate BL-BOID1

A dudl-targeted anfibody-drug conjugate (ADC) consisting of a monoclonal antibody directed against the epidermal growth
factor receptor [EGFR; HERT; ErbB1) and the epidermal growth factor receptor 3 (HER3; ErbB3) and conjugated to an as of yet
not elucidoted cytotoxic payload, with potential antinecplastic activity. Upon administration of anti-EGFR/anti-HER3 ADC BL-
BO1D1, the moncclonal antibody moieties simulfanecowusly farget and bind to EGFR and HER3 expressed on cancer cells.
Following receptor infernalization, the cytotoxic moiety is released and kills EGFR/HER3-expressing tumeor cells through an as of
yet unknown mechanism of action (MoA). EGFR and HER3, both upregulated and/or mutated in a variety of tumar cell typas,

play key roles in tumor cell proliferation. Simultaneously targeting both EGFR and HER3 may enhance the anti-tumor activity of
BL-BOTD1.

2023 ASCO

ANNUAL MEETING

Antitumor Response of BL-B01 D1-101 Study

3 es as e sessment
rent tumor types in Q3W doses had at least one tumor as

Antitumor Response in EGFRmut NSCLC Patients

Overall Response Rate
45.3% >
Median Follow-up .
4.1 months ORR =63.2% SR

Median line of prior treatment = 3

— Ongoing
- ing after PD

= PD
= First Response

- Treil[r\enl Duration (Months)

; ) oo Li MD.
2ASCO R oo

Bi-specific ADCs are coming!



Thanks for Listening
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