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Fc Receptors Modulate Antitumor Activity of Trastuzumab
2023 = 25t Anniversary of 1st FDA Approval of Trastuzumab
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IgG1 isotype - high affinity FcR binding The trastuzumab Fc-domain/FcgRilla Breast Cancer Cell Growth Following Treatment with Trastuzumab
; Complex is a Potent Mediator of ADCC in the Presence and Absence of Functional Fc Receptors
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*ADCC = Antibody-Dependent Cell-mediated Cytotoxicity



A specific function of NK cells in anti-cancer immunity is to exert ADCC by
expressing CD16 to recognize antibody-coated cancer cells
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Adaptive immune responses following trastuzumab:
Patients develop increased anti HER2/neu Ig A
responses during trastuzumab therapy
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Those patients showing objective clinical responses exhibited more frequent
(P=0.004) and larger (P =0.006) treatment-associated anti-HER-2/neu humoral
responses. Also, augmented HER-2/neu-specific CD4 T-cell responses during therapy.

Taylor C, Hershman D, Shah N, Suciu-Foca N, Petrylak DP, Taub R, Vahdat L, Cheng B, Pegram M, Knutson KL, Clynes R. Clin Cancer Res. 2007 Sep 1;13(17):5133-43.



Improved Outcomes in Patients with High-binding FcR Alleles

FcyRllla amino acid # 158:
V/V = high affinity CD16a binding ™8
F/F = lower affinity CD16a binding
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NK Cell-Mediated Antibody-Dependent Cellular Cytotoxicity in Cancer Immunotherapy
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Drift in Quality Profiles of Commercial Trastuzumab Associated with Clinical Outcome

® Critical quality attributes of up to 103 Roche Trastuzumab lots marketed in
the EU and the US were continually monitored for over 5 years by analyses'’

® Changes in glycosylation, Fc receptor binding, and antibody-dependent
cellular cytotoxicity (ADCC) activity were observed in lots manufactured
during a select period of time?

Drift in Glycosylation, Fc Receptor Binding, and ADCC of Trastuzumab Batches'
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Fc-Engineered HER2-Targeted Chimeric Monoclonal
Antibody Margetuximab

Increased CD16A Affinity:
Enhanced Innate Immunity/More Potent ADCC Stimulation

SOPHIA:
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Musolino A, Gradishar WJ, Rugo HS, Nordstrom JL, Rock

EP, Arnaldez F, Pegram MD. J Immunother Cancer.
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Margetuximab: Increased affinity for
activating Fcy RIIIA (CD16A) and decreased
affinity for inhibitory Fcy RIIB (CD32B)
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*Investigators choice of CT:
capecitabine, eribulin, gemcitabine, or vinorelbine.

Co-crystal
structure Sequential primary endpoint: PFS, OS
Secondary endpoints: ORR by central
blinded analysis, investigator-assessed PFS
Tertiary and exploratory endpoints:
investigator-assessed CBR, DoR, safety,
effect of CD16A, CD32A, and CD32B

alleles on margetuximab efficacy

Safety: 4 in IRR, 14.4% vs 3.8%

Locations of Fc mutations (red,
blue) identified by yeast surface
display identify the variant
F243L/R292P/Y300L/V305I/P396L
Stavenhagen. Cancer Res. 2007;67:8882.

CD16A Genotype by Treatment Group
Prespecified Exploratory OS Analysis
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Tasuku Honjo and James Allison

1. Huang P-W and Chang J W-C. Biomed J. 2019;42(5):299-306. 2. Cogdill AP, et al. BrJ Cancer. 2017;117(1):1-7
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Summary of Randomized, Phase 3, Double-Blind, Placebo-
Controlled Chemoimmunotherapy Trials in Previously Untreated
Metastatic Triple-Negative Breast Cancer

Patlents randomly PD L1+, ) Median PFS in Median 0S in

IMpassion130 41% Atezolizumab + nab- 589vs426 7.5vsh.0 25.4vs 179
paclitaxel vs control P = 0016 HR 0.62, 95% CI [0.49, HR 0.67, 95% CI [0.53,
(placebo + nab-paclitaxel) 0.78]; B = .601 0.86/, P = .0016
IMpassion131 2:1 651 45% Atezolizumab + paclitaxel 63.4vs55.4 6.0vsb.7 22.1vs 28.3
vs control (placebo + =B HR 0.82, 95% CI [0.6, HR 1.11, 95% CI [0.76,
paclitaxel) 122 =20 IEbals 2 =50
KEYNOTE-355 2:1 847 38% Pembrolizumab + 52.7vs 408 9.7vsb5.6 23.0vs 16.1
CPS = 10) chemotherapy' vs ot HR 0.65, 95% Cl [0.49, HR 0.73, 95% CI [0.55,
control (placebo + avallable 0.86 P = .0012 0.95]: P = .0093

chemotherapy)’

Abbreviations: CPS, combined positive score; ORR, overall response rate; OS, overall survival; PFS, progression-
free survival; RR, randomization ratio.

*Not formally tested.

fInvestigator's choice: nab-paclitaxel, paclitaxel, or gemcitabine and carboplatin.

Antoinette Tan. ASCO Daily News, February 23, 2022.



Schmid KN522 ESMO Virtual Plenary 2021

KEYNOTE-522 Study Design (NCT03036488)

dp—— Neoadjuvant Phase =———— — Adjuvant Phase =y

Neoadjuvant Treatment 1 Neoadjuvant Treatment 2 Adjuvant Treatment
{cycles 1-4; 12 weeks) {cycles 5-8; 12 weeks) {cycles 1-9; 27 weeks)

Key Eligibility Criteria . R Pembrolizumab 200 mg Q3W
Age 218years :
Newly diagnosed TNBC of Pembrolizumab 200 mg Q3W

either T1c N1-2 or T2-4 NO-2

ECOG PS 01

Tissue sample for PD-L1
assessment®

<AAmMmOoCw

Placebo

Placebo

Stratification Factors:
* Nodal status (+vs -)
* Tumorsize (T1/T2vs T3/T4)

» Carboplatin schedule (QWvs Q3W)

Neoadjuvant phase: starts from the first neoadjuvant treatment and ends after definitive surgery (post treatment included)
Adjuvant phase: starts from the first adjuvant treatment and includes radiation therapy as indicated (post treatment included)

*Must consist of at least 2 ate fumor cores from the primary tumor. dDoxorubicin dose was 60 mg/m? Q3W.
dose was AUC 5Q3W or AUC 1.5QW. eEpirubicin dose was 90 mg/m? Q3W.

“Pacitaxel doss was 80 ma/n? OW. ‘Cyclophosphamide dose wias 800 mg/m* Q3W. P Schmid, et al. N Engl J Med 2022; 386:556-567.




On July 26, 2021, the Food and Drug Administration approved pembrolizumab for high-risk, early-stage, triple-
negative breast cancer (TNBC) in combination with chemotherapy as neoadjuvant treatment, and then continued as a
single agent as adjuvant treatment after surgery.

ESMO VIRTUAL PLENARY Overall Survival
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KEYNOTE-522: Phase 3 Study of Neoadjuvant w
Pembrolizumab + Chemotherapy versus Y Ess.g%

Placebo + Chemotherapy, Followed by Adjuvant
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KEYNOTE-522: PCR
pCR: PD-L1 did not predict benefit to therapy

pCR by PD-L1 Status

pCR across Interim analyses*

100 -
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o - I
9‘5 60 65% 64% :\ﬁ 45.3%
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230/334 90/164
* Statistical boundary was crossed with p-value 0.00055; compare with allocated a of 0.003 PD-L1—Positive PD-L1-Negative

FDA ODAC meeting, 02/09/21 Dent. ESMO Asia 2020. Abstr 10. Schmid. NEJM. 2020:382:810.




“Concordance” of Programmed Death-Ligand 1 Expression between
SP142 and 22C3/SP263 Assays in Triple-Negative Breast Cancer

Programmed Death-Ligand 1 SP142 Assay in Triple-Negative Breast Cancer J E :
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Venn diagram representing the concordance or
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i s S D et il e e immune cells) and the 22C3/SP263 assays. (A)
22C3/SP263 assays at a 1% cut-off value, (B)

22C3/SP263 assays at a 5% cut-off value, (C)

22C3/SP263 assays at a 10% cut-off value.

Lee SE, et al. J Breast Cancer. 2020 Jun;23(3):303-313.



Multiplexed ion beam imaging (MIBI) of human breast tumors
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Multiplexed ion beam imaging (MIBI)
is capable of analyzing up to 100
targets simultaneously over a five-log
dynamic range. Here, we used MIBI to
analyze formalin-fixed, paraffin-
embedded (FFPE) human breast
tumor tissue sections. The resulting
data suggest that MIBI will provide
new insights by integrating tissue
microarchitecture with highly
multiplexed protein expression
patterns, and will be valuable for
basic research, drug discovery and
clinical diagnostics.

Stanford University
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NeoTRIP trial results and sample collection *#

(SABCS

Multiplexed ion beam imaging (MIBI) of human breast tumors
Angelo M, et al. Nat Med. 2014 April ; 20(4): 436-442.
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locally advanced ] y ) 5
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Low degree of interaction Medium degree of interaction High degree of interaction
l between Epithelial and TME between Epithelial and TME between Epithelial and TME
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RNA-sequencing & Imaging Mass Cytometry of 43 proteins
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PD-L1 (73-10) €D20 CK8/18 PH2AX
Feio s B " Is there a better
e e marker than PDL1 to
Con = S identify patients that
e o selectively benefitted
s e from ICI?

W Epthelialcells % TME cells

Giampaolo Bianchini, MD, et al. SABCS 2021.

1. High degree of spatial connectivity between epithelial and specific TME cell phenotypes (e.g. CD8+PD1+Tgy; CD8+GZMB+;
CD20+B) is predictive of higher pCR rate with the addition of atezolizumab, independently by PD-L1 and sTILs
2. Spatial Epithelial-TME interactions outperform cell phenotype density in predicting differential response to immunotherapy




San Antonio Breast Cancer Symposium®, December 6-10, 2022 UTSouthwestern ‘
) CHAN
Viedical C ter LA

InteractPrint predicts the degree of immune
cell interaction for a patient’s tumor

» We developed InteractPrint, a score that predicts the degree of immune cell

Immune response signatu re interaction for a patient’s tumor.
and pCR with ICl in I-SPY2 GE

10 x
. e GE expression
InteractPrint = Z (e))(R)(w) R
i=1

nmonon o

Number of predicted R-L pairs
TN/Immune+ w Multiplier tkr:r activating GPF, (1)
or inactivating GE (-1)
8 San Antonio Breast Cancer Symposium®, December 6-10, 2022 mSothwesLtern
Vedical Center LA
o . . .
Q8 T Cell InteractPrint predicts response to anti-
S8 PD-1 therapy in I-SPY2
. * In this trial, T Cell I-SPY2 Trial Samples (HR+ and TNBC)
° InteractPrint predicted 200{ Pvalue=33x107 8
response to anti-PD-1 + || ———_—_——
neoadjuvant chemo 2 - e e
with an AUC of 84.0 g =
(p<1x10%). 3 = B4
- This was a significant £ ° 3 e
improvement over PD- 3 )
L1 (assessed by average " .- S p-value = 0.02435
Yee D, et al. ASCO 2022, abstr 591, poster 362 PD-L1 transcript levels; g s i
p < 0.05). e,
NR R 00 80 60 40 20 0
Response Specificity (%)

5 Nanda et al., JAMA Oncol 2020

@ Sanford | . icion of oncology Lily Xu, Isaac Chan lab, et al. UTSW, Single-cell RNAseq,...SABCS 2022, GS5-06.




Macrophages ignore CD47+ cells as a result of negative interactions in which the CD47-SIRP-a pair
promote a “don’t eat me” signal; humanized CD47 antibody blocks SIRPa interaction

The Journal of Clinical Investigation

 Hub5F9-G4 (magrolimab) binds
sro-64 human CD47 with high affinity
K> by Biacore:

AN SIRPa 8,10 nM for monomeric CD47
8 pM for bivalent CD47

« Engineered into human IgG4
Fc (to avoid ADCC/CDC),
with Ser-Pro substitution

to reduce Fab arm

Crystal structure of CD47-ECD in complex exchange
with HU5F9-G4: A) Hu5F9-G4/CD47 interface;
B) Superposition of SIRPa demonstrating a
shared binding interface.

Unanue ER PNAS 2013;110:10886-10887.

©2013 by National Academy of Sciences I | g ‘ }: ‘!

* Humanized by CDR grafting

Weiskopf K, et al. J Clin Invest. 2016;126(7):2610-2620.



Macrophages (red) phagocytosing CD47+ tumor cells (green) in
the presence of anti-CD47 antibody

M® -- red
CD47+ tumor

cells -- green

Edris, B. ef al.. PNAS 109, 6656-6661 (2012).



Anti-CD47 Antibody Significantly — Clinical Translation: Randomized Phase |l

Reduces TNBC PDXs in vivo Study Schema
Mouse 1 Mouse 2 Mouse 3
Randomized Phase 2
N=92
Arm A: Statistical Assumptions
5 > Safety Runin gl Targel PFS
unresectable locally o /' or Paclitaxel = HR= 0.61,
advanced or Magrolimab + N=46 ~ 82% power
metastatic TNBC Nab-paciitaxel or 0 e ot
p:::\ut: ;'r‘?n::leunngt Paciiaxel S Nab-padlitaxel Target PFS
S check point inhibitors or Paclitaxel 5.5 mo
a N=46
Q
§ ( Primary Endpoints \( Secondary Endpoints
Safety Run-in Cohort + ORR by investigator and independent central review
« Incidence of DLTs, AEs, & laboratory abnormalities || * POR .
* PFS by independent central review
andomized Phase 2 Coho - o8 !
: | ? PI-S’S by in(\’leis':igatozr gss';s';ment roa%:’:;n:‘: ;;?f,::ga"o" Nee e
@ .. _ 002 ADA = anti-drug antibodies; AE = adverse event; DOR = duration of response; HR = hazard ratio; ORR = objective response
— 0.2 L p_ ' rate; OS = overall survival; PFS = progression-free survival; R = ratio; TNBC = triple-negative breast cancer
. |
O - . . .
= ® v » CD47 is expressed on TNBC-derived cell lines
g 0.1 +  CD47 blockade enhances TNBC phagocytosis
= ® T'_
= —1¥ « Anti-CD47 dependent phagocytosis is further
0 __vYvyv augmented by Paclitaxel
IgG  anti-CD47 2 cohort - Sacituzumab govitecan + magrolimab

Willingham et al., PNAS 109 (42) E2842.



MOA — ADCP: Combining CD47 blockade with trastuzumab eliminates
wn HER2-positive breast cancer cells to overcome trastuzumab ADCC tolerance

In vitro: In vivo:
The circled blue bars (red arrows) indicate Greater combined efficacy of anti-CD47 antibody
HER2+ ADCC-tolerant breast cancer cells being magrolimab plus trastuzumab against HER2+ human
phagocytosed by human macrophages GFP-luciferase BT474 breast cancer xenografts
— 12 Treatment Treatn crlt Treatment Treatment
W PBS _)3< s Sto >u50 Stoppec Stopped Sru;,;:;sd
ER*PR*HER2* ADCC variants: M 9G4 o 10"\
40+ Human macrophage phagocytosis assays M o-CD47 mAb © 1070, ll' |I l I Il
/ B Trastuzumab ;\9/ : Illl |I|II
2 30 oere I Trastuzumab+aCD47 mAb < 10 ‘|| II“II II l I
; | il
& **p <0.01 5 108. l '
2 101 = * vaque
! *** p <0.0001 E 0°0eF © Soquece
= 10 , . :
by s s e ey, o PBS a-CD47 mAb Trastuzumab  Trastuzumab+
: weeks a-CD47 mAb

| [ ——

07 17
Tumor burden was measured using in vivo
bioluminescence imaging

Rosalynd Upton,...Mark D. Pegram?, and Irving L. Weissman?. Proceedings of the National Academy of Sciences Jul 2021,
118 (29) €2026849118. 'M.D.P. and I.L.W. contributed equally to this work.
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Proposed Mechanism of Action for BDC-1001
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Future Direction: HER2 ADCs
with Immunologic Payloads

Background

Tumor cell-targeted Immunosynthen STING agonist ADCs

< Systemically administered

< Tumor targeted delivery of STING agonist

Binds to target

< Efficacious at a single dose across multiple tumor models

< Well-tolerated at multiple doses in multiple non-clinical species
< Minimal systemic induction of inflammatory cytokines
< Dramatically greater efficacy compared to a systemically (&) (a)

administered free STING agonist

The proposed mechanism of action is tripartite, involving the antibody variable domain, the antibody Fc region and

the TLR7/8 binding domain. (A) Fv portion of antibody recognizes HER2 expressing cancer cells; (B) APCs
recognize antibody bound to HER2 expressing cancer cells via their Fc gamma receptors (FcyRs) and internalize

tumor-immune complex following FcR clustering; (C) Once internalized, the TLR7/8 agonist attached to BDC-1001
gains access to the phagolysosome and mediates downstream events associated with TLR activation. Note that the

number of HER2 molecules and bound BDC-1001 have been reduced to 1 each for schematic purpose.

antigen onI tumor cells

D\ Y /g

STING agonist
(payload)
éonjugated to
the antibody

|
Binds to Fcy receptors

on myeloid cells

p Stanford
P’ MEDICINE | Division of Oncology




ep-ilogue
/'epa 16g, epa lag/
s/

noun: epilogue; pluralnoun: epilogues; noun: epilog; plural noun: epilog
-- a section or speech at'h‘end of a book or play that serves as a com
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