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Summary

- What is an ADC ?

* A complicated development
* Recent approvals

» Diversifying conjugates

-+ Toxicity issues



Antibody Drug Conjugates (ADC)

Antibody Linker Conjugate

10-200,000 Ag site per cell -> expected concentration of conjugate are
in the nanomolar range.
The conjugate must be a very potent cytotoxin.

Linker: covalent bond which must be stable in the serum and
extracellular environment, cleavable once in the tumor cells

Conjugate must not be released before reaching the fumor +++



Binding, internalization, release
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ADC binds
to antigen receptor
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ADC-receptor
complex is internalized
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Causes apoptosis
(cell death)
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releasing cytotoxin 5. Cytotoxin binds to target
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N.B.: not all antigens are internalized once bound by antibody



Conjugation strategies
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Conjugation
through Lysines

Conjugation through
reduced internal
disulfide bonds
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(A) Lysines conjugation
B Gemtuzumab ozogamicin
Em Trastuzumab emtansine

(B) Reduced native
cysteines conjugation

B Brentuximab vedotin

(C) Engineered cysteines
conjugation

B Thio-trastuzumab

B K.Lin (Genentech),
Pharm Res, 2012

DAR: drug to antibody ratio



Effect of DAR on kinetics
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ADC Building Blocks

Available technologies

Evolution of Technology / Experience Footprint

Antibody

Payloads

Linkers

Humanized IgG's

« Full Length mAbs

« IgG1 >> IgG2 / IgG4
* Random Conjugates

First Generation

* Calicheamicin

* Duocarmycin
* Doxorubicin

First Generation

* Monovalent
* Non-Cleavable
* Acid Labile

=

=

Site Specific Conjugates

» Engineered Cysteine

‘ « Non-Natural Amino Acids

* Sequence Tags
- Enzyme Mediated
- SMARTag™ Platform

Second Generation

» Auristatins

* Maytansines

Second Generation
* Monovalent

« Cleavable - Peptidase
« Cleavable - Disulfide

Antibody Analogs

» Bi-Specific mAbs
* mAb Fragments

Third Generation

* PBD's
* Tubulysins

Third Generation

* Fleximer Platform
* Polyvalent
» Bio-Degradable






Gemtuzumab ozogamicin

Mylotarg®

Humanized IgG4 coupled to the
bacterial toxin calicheamicin

Humanized IgG4
anti-CD33 mAb
hP67.6

Directed against CD33 Y N
H)\/\/ O CHs CHs
anAX

Expressed in most leukemic f;f % of%ﬁm
blasts but also in normal DLy o zﬁy i

N
CHav ~ocH,

hematopoietic cells

Current Opinion in Pharmacology



anti CD33

2000: accelerated-approval process by the FDA
patients >60y
relapsed AML) or unfit for standard chemotherapy
2001: black box warning FDA
increased risk of veno-occlusive disease (VOD)
2004: A randomized phase 3 trial initiated in 2004
stopped prior to completion due higher fatal toxicity
rate in the gemtuzumab combination therapy group vs
standard therapy group. (5.7% vs. 1.4%)
2010: Mylotarg withdrawn from the US and EU markets
2017: reapproved by FDA



THE LANCET Effect of gemtuzumab ozogamicin on survival of adult
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patients with de-novo acute myeloid leukaemia
(ALFA-0701): a randomised, open-label, phase 3 study

Sylvie Costaigne, Cécile Pautas, Christine Terré, Emmanuel Raffows, Dominigue Bordessoule, fean-Moel Bastie, Ollivier Legrand, Xavier Thomaos,

Pascal Turdure, Qumedaly Reman, Thierry de Revel, Louris Gostowd, Moémie de Gunzburg, Mathalie Contentin, Estelle Henry,
Jean-Piemre Marofleaw, Ahmad Aljijakli, Philippe Rousselot, Pieme Fenous, Cloude Preudhomme, Sylvie Chevret, Herwé Dombret, for the Acute

Leukemia French Association

9 mg/m2 =2 3 x3 mg/m2

!

Y
AT

\‘tl'ﬂl m—‘—'—“—"—'—ll LWL LIk
|_\_.{LL.

4.|_|_‘lL

\ Event Free Survival’

Contral 139 92 52 3 10 5 1
Gemturumab 139 101 75 46 32 18 10

cogarmicin

Number at risk

Contral 139

[

Overall Survival

%‘g A

Logsranfk p=0-0368

a8

T T
o & 12 18 24 30 36

1y 82 45 26 16 [

Gemturumab 139 118 98 66 43 n 16

ceogamicin

4E

Control group  Gemituzurmab  Relative risk pvalue
(n=135) orogamicin [95% OI)
graup (n=134)
Induction death 5/139 (4%) 9139 (B%) 056 (0-20-1.54) 041
Transfer to intensive-care unit 17139 (12%) 200139 (14%) 0BS5S (047-154) 072
Treatrment-related desth duing CR 81104 (8%) 2113 (%) 435 (1-07-17.84) 0051
or CRp
Grade 3 and 4 adverie events
Haemorrhage 41139 (3%) 12/139(9%)  0-33(012-095) 0068
Cardiae G130 [Ew) 10439 (@%) o83 (036187 082
Liver 4139 [E%) 18139 (13%)  050{0-24-1-05) 010
Skin or muscoa 25/138 (18%) T30 (23W) 011 (003042} 037
Gastrointestinal 14/139 (10%) /430 (16%) 064 (034118 oM
Pulmonany 16/139 [17%) 160139 (12%)  1.00(0-53-1.90) 200
Grade 3 and 4 infections
Dwring induction 50131 (38%) SO/120 (46%) 083 (-E2-111) 026
Diring first conselidation IR/55 (40%) 4897 (49%)  0-R0{0L09-111) 049
During secand cormolidation BB (4E%) I8/ (47%) 099 (071137 055

Data are i (%], wnless othenise indicated. CR=tomplete remission. CRp=complete remission with incomplete
platedet recoveny. “indisdes free deaths after stemecell trarsplantation.

Table 4: Mon-haematological toxicity




Brentuximab vedotin (Adcetris®) anti-CD30
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T-DM1

T-DM1 = trastuzumab - emtansine
DM1 : highly potent antitubulin agent

Phase T (Krop, 2010) : Ly
Dose limiting toxicity thrombocytopenia O D"L; |
MTD 3,6 mg/kg with 75% clinical benefit e
No significant peripheral neuropathy R

DM1={) Linker Trastuzumab
(3to 4 perlgG) -thioether- (HzlgG1)

Phase II (Burris, 2010) -LysNH, (random)

112 patients relapsing after Her?2
targetted therapy

26% response rate,
Disease free survival 5 months



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER B, 2012 VOL. 367 NO. 19

Trastuzumab Emtansine for HER2-Positive Advanced
Breast Cancer

Sunil Verma, M.D., David Miles, M.D., Luca Gianni, M.D., lan E. Krop, M.D, Ph.D., Manfred Welslau, M.D.
José Baselga, M.D., Ph.D., Mark Pegram, M.D., Do-Youn Oh, M.D., Ph.D., Véronigue Diéras, M.D.,
Ellie Guardine, M.D., Ph.D., Liang Fang, Ph.D., Michael W. Lu, Pharm.D., Steven Olsen, M.D., Ph.D.,

and Kim Blackwell, M.D., for the EMILIA Study Group

Phase ITI study

991 patients with advanced Her 2 + breast cancer
Previously been treated with trastuzumab and a taxane
Randomly assigned to T-DM1 or lapatinib plus capecitabine

Primary end points were progression-free survival, overall
survival, and response



T-DM1 efficacy data

lapatinib +
capecitabine T DM1 | pvalue
Median Progression
free survival (months) 6.4 9.6 < 0.001
Median Overall

survival (months) 25.1 30.9 < 0.001

Overall response
rate (%) 30.8 43.6 < 0.001




Progression
Free
Survival

Progression-free Survival (%)

100+

Overall
Survival

Overall Survival (55)

Median No. No. of

of Months  Events
Lapatinib-Capecitabine 6.4 304
T-DM1 9.6 265

Stratified hazard ratio, 0.65
(95% Cl, 0.55-0.77)
P<0.001

Lapatinib—capecitabine

I 1 1 ] 1 I 1 1 I 1 | I 1 1
4 6 8 10 12 14 16 18 20 22 24 26 28 30
Months
Median No. No. of
B5.2% (95%: CI, 82.0-88.5) of Months Events
. Lapatinib-Capecitabine 251 182
T-DM1 30.9 145

§4.7% (95% CI, 58.3-70.2) Stratified hazard ratio, 0.68

(95% CI, 0.55-0.85)

P=0.001
Efficacy stopping beundary,
P=0.0037 or hazard ratio, 0.73

78.4% (95% CI, 14.6-82.3) T.DM1

51 8% (95% Cl, 45.9-57.7)
Lapatinib-capecitabine

"

1 T T 1 T 1 1 T T T T T 1
2 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Months



~._ Diversifying conjugates




Gemtuzumab Ozogamicin
Calicheamycin

DNA binders

Maytansinoids, auristatin
Tubulin binders

PBD: pyrrolobenzodiazepine
DNA alkylators

Deruxtecan, SN38
Topoisomerase 1 inhibitor

,,,,,




Next generation antibody-drug conjugates

PNU-159682 Nemorubicin | Doxorubicin
o—0 *r—e *r—e
Calicheamycin
o Methotrexate
. ) *-—7
Duocarmyci AU”SE'.”
| Taxol Vinblastine
Maytansine ——o ——o
— > _J
Monoalkylating
PBD/IGN
*———oe <\ Exatecan
Crosslinking dN.38
PBD/IGN / -
o—— 0 s
1012 10" 10710 10° 108 107 10¢
Free Drug Potency IC50 (M)
DNA alkylators DNA intercalation and topoisomerase inhibitor DHFR inhibitors

Microtubule inhibitor

Microtubules inhibitors

DNA-alkilating agents

Topoisomerases inhibitor

New ADC target: Topoisomerase |
= Enhertu: Trastuzumab-Dxd (2019)

» Trodelvy: anti-TROP2-SN-38



Future payloads ?

Novel cytotoxicity mechanims +++

Bioproteins and small molecules

Ricinus communis (castor bean) Amanitin

Toxicity and immunogenicity issues
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Gemtuzumab Ozogamicin
Calicheamycin

DNA binders

Maytansinoids, auristatin
Tubulin binders

PBD: pyrrolobenzodiazepine
DNA alkylators

Deruxtecan, SN38
Topoisomerase 1 inhibitor



Brentuximab vedotin : most Common Related
Adverse Events (>10%)

—_

Peripheral sensory neuropathy - 45%
Fatigue | 28%
Nausea | I 28%
Diarrhea | I 19%
Neutropenia _ 17%
Myalgia 6%
Pyrexia | 14%
Vomiting | I 14%
Constipation | I 12%
Upper respiratory tract infection | 12% Grades 1 & 2
Alopecia | 10% B Grade 3
Rash | 10% Grade 4
0 20 40 60 80 100

% Patients with Related AE



Serious adverse events (SAEs) were reported in 31 % of patients.
The most common (more than 2 percent) SAEs reported were

peripheral motor neuropathy, urinary tract infection, and abdominal
pain.

2012: the FDA notified two additional cases of progressive
multifocal leukoencephalopathy (PML), a rare but serious brain
infection that can result in death, resulting in a new Boxed
Warning highlighting this risk has been added to the drug label.

Phase | Data for Brentuximab A Contraindicati
Vedotin Plus ABVD or AVD in new Lontraindicarion

. a warning against use of
Hodgkins Lymphoma brentuximab vedotin in

ABVD | AVD combination M{Ith the cancer
arm | arm drug bleomycin due to
Complete Remission a5 a6 increased risk pulmonary
Bl toxicity has been added to
Pulmonary Toxic
Effects (%) 44 0 the drug label.




What is « acceptable toxicity » ?

Is highly dependent on the context and the prognosis

Maximal myeloid toxicity in hematology: induction therapy
of acute myeloid leukemia with curative intent

Reversible vs irreversible toxicities

Minimal toxicity expected
in the adjuvant setting
in the maintenance setting
in the palliative setting
in elderly patients with solid fumors



Toxicity and combos

Catch 22 : MTD identified as single agent
often not applicable to combos

Issues of overlapping toxicities +++

calicheamycin, PBDs = myeloid toxicity
cumulative toxicities with cytotoxic agents
neurotoxic agents : taxanes, vinca alcaloids,
cisplatin, bortezomib, IMIDs, ...

Issues of unexpected toxicities

brentuximab vedotin and bleomycin >
pulmonary toxicity in Hodgkin's disease)



Approved agents
&
Future developments



Currently approved ADCs

Gemtuzumab ozogamicin
anti CD33 coupled to calicheamycin




Non-internalizing ADCs

mAb anti-CD19

Large Molecule Therapeutics Molecular
Cancer
Therapeutics

Optimization of a PEGylated Glucuronide-

Monomethylauristatin E Linker for
Antibody-Drug Conjugates

Patrick J. Burke, Joseph Z. Hamilton, Scott C. Jeffrey, Joshua H. Hunter,
Svetlana O. Doronina, Nicole M. Okeley, Jamie B. Miyamoto, Martha E. Anderson,

lvan J. Stone, Michelle L. Ulrich, Jessica K. Simmons, Erica E. McKinney, Peter D. Senter, and
Robert P. Lyon

MMAE

P-Glucuronidase
of°M PEGX
m

accumulates in greater concentrations within the extracellular matrix of
o solid tumors following lysosomal release from necrotic or apoptotic cells

mDPR, self-stabilizing d infil . d hil

maleimide and tumor-infiltrating monocytes and neutrophils.

Cleavable linker B
HN ~
@O(\

Bioconjugation

head
Thiosuccinimide

o Conjugation Ab-S 0 hydrolysis Ab-S ho ?H o
~ 0 >~ o 7 o o s ©

- - S N G S A S =T WP
O J g Slow O /) ? HO Drug HO { Drug
HoN Deconjugation HN" - Note: step is slow HN HaN”
mDPR with caproyl spacers

Stabilized linkage

Seattle Genetics: Molecular Cancer Therapeutics 2017 116-123.

30



SWOT

S O
Enhanced efficacy/ Exploits targets
toxicity ratio vs. chemo unaccessible to naked
Mabs (CD30)

Combos possible

W T

Enhanced / toxicity Conjugate-specific
vs. naked Mabs toxicities (liver, ocular)
Intravenous Unexpected toxicities

administration in combos (bleomycin)



Future developments
No paradigm shift yet

Explore various regimens and combinations
avoid overlapping toxicities
combination with immune checkpoint inhibitors

Favor substitutions of conventional agents with
the same mechanisms of action

example: tubulin binding agents and auristatins or
maytansines vs. taxanes anc vinca alcaloids

+ Aim for a different target at relapse and at diagnosis:
example B NHL ¢€D20 then CD19, 22, 79 ?

Aim for payloads with original mechanisms of action +++



Thank you for your
attention



Approved antibodies
coupled to cytotoxic agent
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