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Antibody-drug conjugates (ADCs)

Trastuzumab emtansine (T-DM1)

* Eerste FDA-goedgekeurd anti-HER2 ADC

* Trastuzumab gekoppeld aan
mertansine, een krachtige inhibitor van
microtubuli, via een onsplitsbare
thioether linker

* Behandeling van gevorderde HER2-
positieve borstkanker

* Vroeg stadium hoog-risico patiénten
met residuele ziekte na NAC.

* Trials: EMILIA, TH3RESA, KATHERINE

Trastuzumab deruxtecan (T-Dxd)

 Tweede FDA-goedgekeurd ADC voor
gevorderde HER2-positieve borstkanker
met minstens 2 voorafgaande lijnen van
anti-HER2 gerichte therapie.

* Trastuzumab gekoppeld aan
deruxtecan, afgeleid van exatecan, een
potente topoisomerase | inhibitor, met
een splitsbare linker (cathepsines!)

* Payload is membraandoorlaatbaar =
bystander effect =» laat activiteit toe in
tumoren met lage HER2 expressie




Table 1 Ongoing clinical trials with T-Dxd Including breast cancer patients

NCT Trial name Phase Experimental arm Control arm  Setting Population Primary endpoint
identifier
NCTO3523585 DESTIMY- 1l T-Cixd Investigator's  Prior T-DiM1 HER2+ MBC PF&
Breastd2 choice
NCTO3529110 DESTIMY- 1l T-Od T-DM1 Prior taxane HER2+ MBC PFS
Breast03 +irastuzumab
NCT03734029 DESTIMY- 1 T-DXd Investigator's 1 or 2 prior HER2-low MBC PFS
Breastl4 choice chemotherapies.
POD on ET if
HR+
NCTO4132060 DAISY 1l T-Dd = 2" line MBC BOR
C1: HERZ over-expressing
C2: HERZ low exprassing
C3: non expressing ©
NCTO4752059 TUXEDO-1 1l T-Cixd Z 2nd line MNewly diagnosed or M5 ORR
progressing BM
HERZ+MBC
NCTO4784715 DESTIMY- i T-DXd+/— P THP 1st line Mo prior chemo or POD = PFS
BreastOo & mo from adj therapy
HER2+ MBC
NCTO4622319  DESTIMY- 1l T-DiXd T-OM1 Post- Prirary BC with residuzal IOFS
Breast05 necadjuvant imvasive disease
NCTO4420558 DEBBRAH Il T-Dd = 2nd line BM or LMD in HERZ+or NS ORR, 16w PFS
HERZ-kow MBC and OS5 of T-Dxd
NCTO4464435  DESTIMY- 1 T-DXd treatment of 2 3rd line HR+ HERZ-low MBC PFS
Breast06 Investigaror’s
Choice
NCT04257162 HER2- - T-Dxd ] Patients treated with T- ERBB2 mRMA, cut-
PREDHCT CXd+ point predictive of T-
D¥d response
NCTO4042701 - [l ] T-D¥d+ pemnbrofizurmab - 2 2nd line HERZ+ or low MBC and DLT and ORR
HER2+ or mut NSCLC
NCTD4553770 - Il T-Dd-+i— AMNA Neoadjuvant HR+ HERZ-low pCR rate
setting EBC
NCTO4556773 DESTIMY- Ib T-D¥d+ Z 2nd line HERZ-low MBC Safety
Breast 08 Durva or T or Capi o
ANA or Fuby or Cape
MNCTD4294628 - | T-Dxd = Ind line Any advanced solid tumor,  Effect of T-DXd on
HERZ2+ Toplcc
NCT04539938 HER2CLIME- |1 T-DXd+ rucatinio 2 2nd line HERZ+MBC ORR
04
NCTO4704661 DASH (] T-OXd and AZD6738" Z 2nd line HERZ+/lowy mutant solid LT and RP2D
tumors
NCTO3742102 BEGOMIA 1/ Dunvalumab + T-OXd or 1st line TNEC Safety and ORR

Capior OleP or T or D5-
1062°

Ferraro et al. Breast Cancer Research (2021) 23:84
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Table 2 Pharmacological properties of anti-HER2 ADCs undergoing clinical trials

ADC Ab Linker Payload DAR Ongoing clinical trials®

name

SYDIBS  Trastuzumab Valine-citrulline linker Seco-DUBA (DMNA-alkylating) 28 NCTO3262035 NCTD4602117

(cleavable) NCTO4235101 NCTO104237%
ZWwag W25 Cleavable M-acyl sulfonamide aurfstatin NA.  NCTD3821233
(microtubule inkibitor)

PF- Trastuzumab-derived Ab Maleimidocaproyl-valine- Aur-06380101 4 MNCT03284723

06804103 citrulling linker (cleavable)

MRGDOZ  Anti-HERZ IgG1 MNLA. Menomethyl auristatin E NA  CTR20181778
NCT04492488, NCT04742153

GOQI001  Anti-HERZ IgG MNA, WA NA  NCTD4450732

ARX788  Modified heavy chain Amberstatin {AS269) Dolastatin monomethyl auristatin 19 NCT03255070

Ala114 of ant-HER2 mAb (non-cleavablel F {microtubule inhibitor)
Albo Trastuzumab Waline citrulline peptide Dunstatin-5 {microtubule MA.  NCTO3602079
(cleavable linker) inhibitor)

XMT- HT-19 {anti-HER2 lgG1) Cleavable hydrophilic AF-HPA (microtubule inhibitar) 12 NCT02952729

1522 polymer

RC48- Hertuzumab (anti-HER2 Valine citrulline peptide Monomethyl auristatin E 4 MNCTD4329429

ADC hurmarized Ab) (cleavable linker) {rnicrotubule inhibitor) NCTD4280341
NCTO4311034
MNCT04714190
MNCTO407 3602
NCTD4264935
NCT03556345
MNCTO3500380
NCTO3052634

BDOC- Trastuzumab MNon cleavable linker TLR7/8 inhibitor MA  NCTD4278144

1001

F5-1502  Trastuzumab MNA, Monomethyl Auristatin F NA  NCTD3944499

GOI001T  MA A, MA MNA  NCTD4450732

ALT-F7 Trastuzumab bicbetter HM2  Cysteine-containing peptide  Monomethyl auristatin E MNA  NCTD3281824

(microtubule inhibitor)

Abbreviations: AF-HPA auristatin F-hydroxypropylamide, NA non- available

"hitps//clinicaltrials.gov/ April 2021




Table 3 Anti-HER2 ADCs treatment-related grade = 3 adverse events occurring in > 2% of patients

Toxic effect ADCs Frequency Possible mechanism
Thrombocytopenia T-DM1 [7] 14.3% DM 1-induced impairment of megakaryocytes
T-D¥d [15] 4.3% differentiation
Bone marrow toxicity of payload
Meutropenia T-DM1 [7] 2.4% Bone marrow toxicity of payloads
T-DXd [15] 20%
SYD985 [18] 14%
RC48-ADC [23] 1096
ALT-P7 [24] 14%
Anernia T-DM1 [7] 3.8% Bone marrow toxicity of payloads
T-DXd [15] 86%
Leukoperia RC4B-ADC [23] 6.7% Bone marrow toxicity of payloads
Decreased lymphocyle count T-D¥d [15] B1% Bone marrow toxicity of payloads
Fatigue T-DM1 [7] 24% Unknown
T-DXd [15] 6%
SYD9AS [18] %
PF-06804103 [28] 57%
Arthralgia PF-06804103 [28] 570 Unknown
Increased ALT T-DM1 [7] 15% Cytotoxic activity on the hepatocytes
Increased ALT RC48-ADC [23] 33% iclearance of T-DM1 depends mainly on the
RC48-ADC [23] 13% hepatobiliary and gastrointestinal route)
Mausea T-C¥d [15] 7 6% Off-target effect of the payload
Vomiting T-D¥d [15] 43% Off-target effect of the payload
Diarthea T-D¥d [15] 27% Oiff-target effect of the payload
Peripheral neuropathy T-CiMi [49] 13% Degeneration of the axons, time-dependent,
PF-06804103 [28] 5.7% due to the DM1 component

Systemic release of payload

This table includes all the ADCs discussed in this review {approved and under development) for which toxicity data were available at the time of the last editing

{April 2021)

Ferraro et al. Breast Cancer
Research 2021; 23: 84



Phase Ib trial

® Antitumor Activity and Safety of

= Trastuzumab Deruxtecan in Patients With
HER2-Low-Expressing Advanced Breast
= Cancer: Results From a Phase Ib Study

Shanu Modi, MD!; Haeseong Park, MD, MPH2; Rashmi K. Murthy, MD, MBE®; Hiroji lwata, PhD, MD?; Kenji Tamura, MD, PhD5;
Junji Tsurutani, MD, PhD®; Alvaro Moreno-Aspitia, PhD?; Toshihiko Doi, MD, PhD®; Yasuaki Sagara, MD®; Charles Redfem, MD?;
lan E. Krop, MD, PhD'Y; Caleb Lee, MD, PhD'2; Yoshihiko Fujisaki, MS23; Masahiro Sugihara, PhD'3; Lin Zhang, MD, PhD'2;
Javad Shahidi, MD'2; and Shunji Takahashi, MD

|l’.‘ Ut
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Veelbelovende preliminaire antitumor activiteit in patienten met HER2 low borstkanker
CAVE : toxiciteit!
= Meestal gastro-intestinaal en hematologisch
=> Interstitiéle longziekte: zeldzaam maar potentieel dodelijk!

Modi et al. J Clin Oncol 2020; 38:1887-1896
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Phase 2 study : DESTINY-Breast01

100+
30+
60+

40-

—204
—404
—60-

-804

Best Percentage Change from Baseline in Sum of Diameters

-100

Patients (N=168)

Modi et al. N Engl J Med 2020; 382:7



Phase 2 study : DESTINY-Breast01

B Progression-free Survival
1.0

0.9
0.8
0.7
0.6
0.5
0.4+
0.3

0.2

Probability of Progression-free Survival

0.14

0.0 | T T T T T T T T T | T T T | T | T | |
0 1 2 3 - 5 6 7 3 9 10 11 12 13 14 15 16 17 18 19 20

Months
No.at Risk 184 182 174 155 153 135 121 107 103 94 69 54 38 17 11 10 9 4 3 1 0

Modi et al. N Engl J Med 2020; 382:7
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Trastuzumab Deruxtecan in Previously Treated HER2-Low

Advanced Breast Cancer

S. Modi, W. Jacot, T. Yamashita, J. Sohn, M. Vidal, E. Tokunaga, J. Tsurutani, N.T. Ueno, A. Prat, Y.S. Chae,
K.S. Lee, N. Niikura, Y.H. Park, B. Xu, X. Wang, M. Gil-Gil, W. Li, J.-Y. Pierga, S.-A. Im, H.C.F. Moore, H.S. Rugo,
R. Yerushalmi, F. Zagouri, A. Gombos, S.-B. Kim, Q. Liu, T. Luo, C. Saura, P. Schmid, T. Sun, D. Gambhire, L. Yung,
Y. Wang, J. Singh, P. Vitazka, G. Meinhardt, N. Harbeck, and D.A. Cameron, for the DESTINY-Breast04 Trial Investigators*

ABSTRACT

BACKGROUND
Among breast cancers without human epidermal growth factor receptor 2 (HER2) The authors’ full names, academic de-
amplification, overexpression, or both, a large proportion express low levels of grees, and affiliations are listed in the

i . . Appendix. Dr. Modi can be contacted at
HER2 that may be targetable. Currently available HER2-directed therapies have

! R , . modis@mskec.org or at the Memorial
been ineffective in patients with these “HER2-low” cancers. Sloan Kettering Cancer Center, 1275 York

Modi et al. N Engl J Med 2022; 387(1):9-20



A Progression-free Survival in Hormone Receptor—Positive Cohort
No.of  Median Progression-free

1.0
3 Patients Survival (95% CI)
u
w5 @ 0.8 . mo
“— <
FET 064 S Trastuzumab Deruxtecan 331 10.1 (9.5-11.5)
i~ g g Physician’s Choice 163 5.4 (4.4-7.1)
283 04- .
E é‘” - Hazard ratio for progression or death, ™ —— —_ N Trastuzumab deruxtecan
¥ ] o ._._'__ T e . . .
a 0.51 (95% Cl, 0.40-0.64) — s+, — Physician’s choice
P<0.001 e o wmw
0.0 I I I T I T I I I T I I I I T I I I T I I I I I T I T I ]
o 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Months

No. at Risk
Trastuzumab deruxtecan 331 324 290 265 262 248 218 108 182 165 142 128 107 89 78 73 64 48 37 31 28 17 14 12 7 4 4 1 1 0

Physician's choice 163 146 105 85 84 69 57 48 43 32 30 27 24 20 14 12 8 4 3 2 1 1 1 1 1 1 O

B Progression-free Survival among All Patients

10—y No.of  Median Progression-free
e -l : Patients Survival (95% Cl)
5 & — mo
= g = 0o S - Trastuzumab Deruxtecan 373 9.9 (9.0-11.3)
B n s pa— Physician’s Choice 184 5.1 (4.2-6.8)
S 83 04 ey
ao_ ?3“ Hazard ratio for progression or death,>— — —_ e b
a 029 0.50 (95% Cl, 0.40-0.63) - Physician's choice
P<0.001 oW
0.0 I I I ! I T I I I ! I I I I I I I I T I ! I T I I I T I 1
o 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Months

No. at Risk
Trastuzumab deruxtecan 373 365 325 205 260 272 238 217 201 183 156 142 118 100 &8 81 71 53 42 35 32 21 18 15 8 4 4 1 1 0

Physician's choice 184 166 119 93 90 73 60 51 45 34 32 29 26 22 15 13 9 5 4 3 1 1 1 T AT (AT W

Modi et al. N Engl J Med 2022; 387(1):9-20



C Overall Survival in Hormone Receptor—Positive Cohort

1.0 ma— e

No. of Median Overall Survival
Patients (95% CI)

- ] Trastuzumab Deruxtecan 331 23.9 (20.8-24.8)
s 3 ' Physician's Choice 163 17.5 (15.2-22.4)
ZE5 06
% 2 Trastuzumab deruxtecan
o®m 044 St o L e e
,?_ g Hazard ratio for death, Physician’s choice
O 027 064 (95% Cl, 0.48-0.86)
0.0 P=0.003
y I I T T T T T T I T T T T T T T T T T T T T T T I T T T T I T T T 1
0 1 2 3 4 5 6 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Months
No. at Risk
8 6

Trastuzumab deruxtecan 331 325 323 319 314 309 303 293 285 280 268 260 250 228 199 190168 144116 95 81 70 51 40 26 14 9

6
Physician’s choice 163 151145143 139135130124115109104 98 96 89 80 71 56 45 3720 25 23 16 14 7 5 3 1 0O

D Overall Survival among All Patients

No. of Median Overall Survival

Patients
1.0—~
“w's 08 Trastuzumab Deruxtecan 373 23.4 (20.0-24.8)
° .2 Physician’s Choice 184 16.8 (14.5-20.0)
zc 1
=35 06
LE bt Trastuzumab deruxtecan
23T 04 g
r:?. g Hazard ratio for death, F'hysician’s_zﬁc_irc_e_r
O 0.2+ 064 (95% Cl, 0.49-0.84)
P=0.001
o4+~ 7T 7T T T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Months
MNo. at Risk

Trastuzumab deruxtecan 373 366 363 357 351 344 338 326 315 309 296 287 276 254 223 214 188 158 129104 90 78 59 48 32 20 14 12 10 8

Physician’s choice 184171165161 157153 146138128 120114108105 97 88 77 61 50 42 3228 25 18 16 7 5 3 1 0O

Modi et al. N Engl J Med 2022; 387(1):9-20



Clinical and molecular characteristics of HER2-low-positive 2 & ®
breast cancer: pooled analysis of individual patient data
from four prospective, neoadjuvant clinical trials

Carsten Denkert, Fenja Seither, Andreas Schneeweiss, Theresa Link, Jens-Uwe Elohmer, Marianne Just, Pauline Wimberger, Almuth Forberger,
Hans Tesch, Christian Jackisch, Sabine Schmatloch, Mattea Reinisch, Erich F Solomayer, Wolfgang D Schmitt, Claus Hanusch,

Peter A Fasching, Kristina LObbe, Christine Solbach, Jens Huober, Kerstin Rhiem, Frederik Marmé, Toralf Reimer, Marcus Schmidt,

BrunoV Sinn, Wolfgang Janni, Elmar Stickeler, Laura Michel, Oliver Stétzer, Eric Hahnen, Jenny Furlanetto, Sabine Seiler,

Valentina Nekljudova, Michael Untch, Sibylle Loibl

Summary

Background The development of anti-HER2 antibody—drug conjugates opens new therapeutic options for patients Lancet Oncol2021: 22: 1151-61
with breast cancer, including patients with low expression of HER2. To characterise this new breast cancer subtype, pubiished online

we have compared the clinical and molecular characteristics of HER2-low-positive and HER2-zero breast cancer, July9 2021

including response to necadjuvant chemotherapy and prognosis. il omy 1 1006
51470-2045(21)00301-6

Denkert et al. Lancet Oncol 2021; 22:1151-1161
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Figure 1: Modified classification of breast cancer based on a combination of
hormone-receptor expression and HER2 expression

Denkert et al. Lancet Oncol 2021; 22:1151-1161

Patiénten uit 4 studies :

GeparSepto

GeparOcto

GeparX

Gain-2 neoadjuvant

pCR was significant lager in HER2-low
tumoren versus HER2-zero tumoren in
de hormoonreceptor-positieve subgroep,
maar niet in de hormoonreceptor-
negatieve subgroep.



Retrospectieve analyse

Mediane leeftijd (jaar) 48 49
Hormoonreceptor status 63% negatief 36% negatief
Nottingham graad 72% graad 3 60% graad 3
No special type carcinoom 85% 84%
Mediane Ki-67 (%) 51% 40%
Mediane TILs 20% 15%

cNO stadium 65% 60%

Patienten met HER2-low tumoren hadden een significant langere overleving dan patiénten
with HER2-zero tumoren: 3-jaar ziektevrije overleving 83% versus 76%.

Denkert et al. Lancet Oncol 2021; 22:1151-1161



HER2 testing (invasive component) by validated IHC assay

Batch controls and on-slide controls show appropriate staining

Circumferential membrane
staining that is complete,
intense, and in > 10% of
tumor cells*

IHC 3+
positive

Weak to moderate complete
membrane staining observed
in > 10% of tumor cells

IHC 2+
equivocal

Incomplete membrane staining

that is faint/barely perceptible
and in > 10% of tumor cells

IHC 1+
negative

Must order reflex test (same specimen using ISH)

or order a new test

{new specimen if available, using IHC or ISH)

No staining is observed
or
Membrane staining that is
incomplete and is faint/barely
perceptible and in < 10% of
tumor cells

IHC O
negative

Arch Pathol Lab Med 2018; 142: 1364-1382




Tarantino et al. J Clin Oncol 2020; 38(17):1951-1962

HERZ2 testing by
validated IHC assay
No staining is observed HER2-null
Circumferential membrane Incomplete membrane staining or
staining that is complete, intense, Wenkia macaisie commplly that is faint/barely perceptible membrane staining that is

membrane staining in >10% of

and in >10% of tumor and in >10% of tumor incomplete and is faint/barely
cells — (IHC 3+) winas colla—riRIC Z5) cells — (IHC 1+) perceptible and in <10%
tumor cells — (IHC 0+)

Reflex Reflex
ISH test ISH test
POSITIVE MNEGATIVE

HER2-positive BC 156%

. HER2Z-positive

B HERZHow
. HER2-negative

HER2-low BC 45%-556%

HER2-negative BC 30%-40%




2013 verandering in definitie van score 0 versus 1+

ASCO (SUIDELINES

2007 Recommendation | 2013 Recommendation

Negative for HER2 is defined as:

® |[HC HER2 0: no staining

e |[HC HERZ 1+: Weak incomplete
membrane staining in any
proportion of tumeor cells or weak,
complete membrane staining in
<10% of cells

e FSH HER2/CEP17 raftic of < 1.8 or
average HERZ gene copy number
of < 4 signals/nucleus for test
systems without an infernal
control probe

Must report a HER2 test result as negative if a single test (or
both tests) performed show:=e

e |[HC 1+ as defined by incomplete membrane staining that is
faint/barely perceptible and within >10% of the invasive
tumor cells®

® |HC 0 as defined by no staining observed® or membrane
staining that is incomplete and is faint/barely perceptible
and within £10% of the invasive tumor cells?

® |SH negative based on:

Single-probe average HERZ copy number <4.0 signals/cell

Dual-probe HERZ/CEP17 ratio <2.0 with an average HERZ
copy number <4.0 signals/cell













Houston, we have a problem!

Accepted for publication in Modern Pathology — by Ximena Baez et al.
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Erasmus MC

Moeten we overstappen naar de 2007 IHC guidelines?




E ERBE2 scores in cases classified as O ws 1+, 2+, or 3+ ERBB2 scores in cases classified as 0, 1+, or 2+ vs 3+

ERBB2 IHC scores

o 1+ 2+ 3+

ERBE2 IHC scores

o [11+,2+ 3+

100

80

=]
=]

Readers, %

-y
=]

20

Cases (n=170) Cases (n=170)

A, Each case (on the x-axis) is shown as the percentage of observers who called the case ERBB2 O vs ERBB2 1+, 2+, or 3+. B, Each case (on the x-axis) is shown as the
percentage of observers who called the case ERBB2 3+ vs ERBB2 0, 1+, or 2+.

Fernandez et al. JAMA Oncology 2022; 8(4): 607-610



Oplossingen voor inter-observer variabiliteit

1. Meer training?

2. Strengere criteria ivm wie HER2 IHC mag aflezen?

3. Overstap naar de ‘oude’ 2007 IHC guidelines voor score 0 versus 1+ ?
4. Evaluatie door meerdere pathologen / panel?

5. Hoeveel discordantie is te tolereren?

6. Switch naar andere test voor bepaling van HER2-low status?

7. Atrtificiéle intelligentie?



DESTINY BREAST-06 trial

2 onafhankelijke ‘open label’ therapie-armen:
» Trastuzumab deruxtecan
» Investigator's choice chemotherapie (paclitaxel, nab-paclitaxel or capecitabine).

Primair eindpunt : progressie-vrije overleving
Studie startdatum : 24 juli 2020
Geschat einde van de studie : 19 juni 2026

Inclusie:
» Patienten met ziekteprogressie tijdens minstens 2 voorafgaande lijnen van endocriene
therapie voor metastatische ziekte.

» Ziekteprogressie binnen 6 maanden na de start van een eerste lijn therapie voor
metastatische ziekte met endocriene therapie in combinatie met een CDK4/6 inhibitor.



Aanpak op de werkvloer

Moet er opnieuw getest (= gekleurd) worden?

Is een historisch HER2-low resultaat voldoende bij een recente HER2-score 0 metastase?

Op hoeveel stalen moeten we HER2 IHC uitvoeren?

Cave HER2 heterogeniteit?



Samenvatting

Onderscheid tussen score 0, score 1+ en score 2+ is belangrijk!

Rapporteer HER2 status niet als ‘positief’ versus ‘negatief’.

= Vermeld de precieze HER2 IHC score.

Nog veel onbeantwoorde vragen over beoordeling van HER2 low
status in de dagelijkse praktijk = nood aan praktische richtlijnen!




