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Fc Receptors Modulate Antitumor Activity of Trastuzumab
2023 = 25th Anniversary of 1st FDA Approval of Trastuzumab

Adapted from Clynes et al.  Nature Med. 2000;6:443-446

Paul Leny Mike

IgG1 isotype – high affinity FcR binding



Activated NK cells rapidly synthesize and release cytolytic granules,
perforin and granzymes, initiating cancer cell apoptosis

A specific function of NK cells in anti-cancer immunity is to exert ADCC by 
expressing CD16 to recognize antibody-coated cancer cells

Electron microscopy
Perforin – pore
formation
Courtesy Edgar
Podack, U Miami

E. R. Podack and
G. Dennert, 1983, 
Nature 301:442.

Du N, et al. Cancers 2021, 13(16), 4129.

Cullen S, et al. Cell Death Differ 17, 616–623 (2010).
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Adaptive immune responses following trastuzumab:
Patients develop increased anti HER2/neu Ig l

responses during trastuzumab 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. 

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.



Improved Outcomes in Patients with High-binding FcR Alleles

Reviewed in: Musolino A,…Pegram MD. J Immunother Cancer. 2022 Jan;10(1):e003171. 



NK Cell-Mediated Antibody-Dependent Cellular Cytotoxicity in Cancer Immunotherapy

Nordstrom et al. Breast Cancer Research 2011, 13:R123.



Drift in Quality Profiles of Commercial Trastuzumab Associated with Clinical Outcome

l 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 analyses1

l Changes in glycosylation, Fc receptor binding, and antibody-dependent 
cellular cytotoxicity (ADCC) activity were observed in lots manufactured 
during a select period of time1

Drift in Glycosylation, Fc Receptor Binding, and ADCC of Trastuzumab Batches1

1. Kim S, et al.
MAbs 2017;9(4):
704–714.

2. Pivot X, Pegram M,
Cortes J, et al.
Eur J Cancer.
2019 Oct;120:1-9. 

Three-year follow-up
from a phase 3 study
of SB3 (a trastuzumab
biosimilar) versus
trastuzumab in the
neoadjuvant setting
for HER2+ breast
cancer.2



CD16A Genotype by Treatment Group

Locations of Fc mutations (red, 
blue) identified by yeast surface 
display identify the variant 
F243L/R292P/Y300L/V305I/P396L

Margetuximab: Increased affinity for 
activating Fcγ RIIIA (CD16A) and decreased 
affinity for inhibitory Fcγ RIIB (CD32B)

SOPHIA:
HER2+ advanced BC with ≥ 2 

previous anti-HER2 therapies;
prior brain metastasis allowed 

if treated/stable
(N = 536)

Margetuximab
+

Chemotherapy

Trastuzumab
+ 

Chemotherapy

*Investigators choice of CT:
capecitabine, eribulin, gemcitabine, or vinorelbine.

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

Stavenhagen. Cancer Res. 2007;67:8882. 

Musolino A, Gradishar WJ, Rugo HS, Nordstrom JL, Rock 
EP, Arnaldez F, Pegram MD. J Immunother Cancer.
2022 Jan;10(1):e003171.

Rugo HS, et al. J Clin Oncol. 2023 Jan 10;41(2):198-205. 

Fc-Engineered HER2-Targeted Chimeric Monoclonal 
Antibody Margetuximab

FcγRIIIB

IgG1 Fc Co-crystal
structure 

Prespecified Exploratory OS Analysis

Safety: ↑ in IRR, 14.4% vs 3.8%

CD16A-158FF
homozygotes 

CD16A-158VV
homozygotes 



Nobel Prize in Medicine (2018) – Immune checkpoint blockade

1. Huang P-W and Chang J W-C. Biomed J. 2019;42(5):299–306. 2. Cogdill AP, et al. Br J Cancer. 2017;117(1):1–7.
Waldman AD, et al.
Nat Rev Immunol.
2020;20(11):651-668.



Summary of Randomized, Phase 3, Double-Blind, Placebo-
Controlled Chemoimmunotherapy Trials in Previously Untreated 

Metastatic Triple-Negative Breast Cancer

Abbreviations: CPS, combined positive score; ORR, overall response rate; OS, overall survival; PFS, progression-
free survival; RR, randomization ratio.
*Not formally tested.
†Investigator's choice: nab-paclitaxel, paclitaxel, or gemcitabine and carboplatin.

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



P Schmid, et al. N Engl J Med 2022; 386:556-567.



P Schmid, et al. N Engl J Med 2022; 386:556-567.



KEYNOTE-522: PCR
pCR: PD-L1 did not predict benefit to therapy

Dent. ESMO Asia 2020. Abstr 10. Schmid. NEJM. 2020;382:810.



Venn diagram representing the concordance or 
discordance between the SP142 assay (≥ 1% of 
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.

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

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



Angelo M, et al. Nat Med. 2014 April ; 20(4): 436–442. 

Multiplexed ion beam imaging (MIBI) of human breast tumors

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.

H&E – TILs in breast CA



1. High degree of spatial connectivity between epithelial and specific TME cell phenotypes (e.g. CD8+PD1+TEX; 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

NeoTRIP trial results  and sample collection 

Giampaolo Bianchini, MD, et al. SABCS 2021.

Multiplexed ion beam imaging (MIBI) of human breast tumors
Angelo M, et al. Nat Med. 2014 April ; 20(4): 436–442. 



Lily Xu, Isaac Chan lab, et al. UTSW, Single-cell RNAseq,…SABCS 2022, GS5-06.
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Macrophages ignore CD47+ cells as a result of negative interactions in which the CD47–SIRP-α pair 
promote a “don’t eat me” signal; humanized CD47 antibody blocks SIRPa interaction 

Unanue ER PNAS 2013;110:10886-10887.

©2013 by National Academy of Sciences

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

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

• Hu5F9-G4 (magrolimab) binds 
human CD47 with high affinity
by Biacore:
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  
exchange

• Humanized by CDR grafting 



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

Edris, B. et al.. PNAS 109, 6656–6661 (2012).

MF -- red
CD47+ tumor
cells -- green



• CD47 is expressed on TNBC-derived cell lines
• CD47 blockade enhances TNBC phagocytosis
• Anti-CD47 dependent phagocytosis is further 

augmented by Paclitaxel
• 2nd cohort – Sacituzumab govitecan ± magrolimab

Anti-CD47 Antibody Significantly 
Reduces TNBC PDXs in vivo

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

Clinical Translation: Randomized Phase II



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

In vitro:
The circled blue bars (red arrows) indicate
HER2+ ADCC-tolerant breast cancer cells being
phagocytosed by human macrophages

In vivo:
Greater combined efficacy of anti-CD47 antibody
magrolimab plus trastuzumab against HER2+ human
GFP-luciferase BT474 breast cancer xenografts

Rosalynd Upton,…Mark D. Pegram1, and Irving L. Weissman1. Proceedings of the National Academy of Sciences Jul 2021, 
118 (29) e2026849118. 1M.D.P. and I.L.W. contributed equally to this work.

Tumor burden was measured using in vivo
bioluminescence imaging



Future Direction: HER2 ADCs
with Immunologic Payloads



ep·i·logue
/ˈepəˌlôɡ,ˈepəˌläɡ/
noun: epilogue; plural noun: epilogues; noun: epilog; plural noun: epilogs
-- a section or speech at the end of a book or play that serves as a comment on or a conclusion
to what has happened.
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Humanized IgG1 isotype Trastuzumab induces ADCC, polyclonal anti-HER2 antibody response
and HER2-specific T cell responses. Trastuzumab efficacy correlates with CD16A polymorphisms,
as well as antibody glycosylation patterns (a critical quality attribute of recombinant MAbs). 

Fc-engineered Margetuximab (with enhanced immune effector function) is superior to 
Trastuzumab (both with chemotherapy) in the HER2+ salvage metastatic disease setting,
particularly in CD16A-158FF homozygotes.

Humanized anti-PD1 antibody pembrolizumab is approved for the treatment of patients with
high-risk early-stage TNBC in combination with chemotherapy, as well as for for the treatment
of patients with locally recurrent unresectable or metastatic TNBC whose tumors express
PD-L1 (CPS ≥10). Better biomarkers predictive of ICI response remains a high unmet need.

Blocking CD47–SIRP-α signals promotes macrophage phagocytosis of CD47-(over)expressing
tumor cells. Humanized anti-CD47 MAb (Magrolimab) is synergistic with Trastuzumab in
HER2+/ADCC-tolerant breast cancer cells and xenografts.


