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Evolution of Epidermal Growth Factor Receptors
From ~600M Years Ago

(Courtesy Prof. Yosef Yarden; Weizmann Institute of Science)
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Adapted with permission from Richard Neve, M.D. 
Citri A, Yosef Y. Nat Rev Mol Cell Biol. 2006;7:505-516.

The Human Epidermal Growth Factor Receptor (HER) signaling network



Analogy to Signaling Networks in Biological Systems
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Ligand binding to HER receptors changes conformation from
closed “tethered”  to “open” form, exposing dimerization interface 
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HER dimerization is key to signaling activity
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Human Epidermal Receptors: Structure/Function Relationships

HER2HER1/EGFR HER3
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HER2:HER3 Dimers Initiate the Strongest Mitogenic Signaling

Tzahar, et al. Mol Cell Biol 1996;16:5276-5287. Citri, et al. Exp Cell Res 2003;284:54-65. Huang, et al. Cancer Res 2010;70:1204-1214.
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Zhang X, et al., Cell 125: 1137-49 (2006).

General Model for Activation of the EGFR Family

The HER2–HER3–NRG1β cryo-
EM structure accommodates 

trastuzumab binding 

Diwanji, D., Trenker, R., Thaker, T.M. et 
al. Nature 600, 339–343 (2021).

Five-Ångstrom lowpass-
filtered density of the
HER2(S310F)–HER3–NRG1β
heterocomplex bound to
trastuzumab Fab

- HER cytoplasmic domains (left), compared to Cyclin/CDK complex structure (right)



Pertuzumab Binds Subdomain II and Disrupts Ligand-Dependent HER2:HER3 Interaction;
Trastuzumab + Pertuzumab Induces Apoptosis

Hao Y, et al., PLoS One. 2019;14(5):e0216095. Rita Nahta, et al. Cancer Res 2004;64:2343-2346.

NEOSPHERE Study

Gianni L, et al. Lancet Oncol 2016: 17(6), 791-800.

4.36Å resolution, cryo-EM
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ASCO 2024 – HER2+ MBC
Optimal 1st L chemotherapy partner (#1007 - EMERALD)

Yamashita et al, ASCO 2024
Metastatic breast cancer | LMU breast center | www.lmu-brustzentrum.de | 21.07.24



ASCO 2024 – HER2+ MBC
Optimal 1st L chemotherapy partner (#1007 - EMERALD)

Yamashita et al, ASCO 2024.Metastatic breast cancer | LMU breast center | www.lmu-brustzentrum.de | 21.07.24



CDK 4/6 inhibition + endocrine therapy + Tras Versus TPC (T-DM1, or Endocrine Rx + Tras, or Chemo* + Tras)

*GEM, NAV, CAPE, PAC, DOC or Eribulin



PATINA: Palbociclib in 1st-line HR+/HER2+ mBC as Maintenance 
Treatment1,2

*Patients received induction therapy for 4–8 cycles depending on tolerability. †Anti-HER2+ Therapy – Anti-HER2 treatment options are trastuzumab + pertuzumab or trastuzumab only (limited to 20% of study patients). The same anti-HER2-regimen should be 
used pre- and post- randomization. ‡Patients randomized immediately following completion of their induction therapy, or for those who have already completed induction, a gap of 12 weeks between their last infusion/dose of induction therapy and the C1D1 visit 
was permitted. Patients were eligible provided they were without evidence of disease progression by local assessment (i.e. CR, PR or SD). #Endocrine therapy options are either an aromatase Inhibitor or fulvestrant. Pre-menopausal women must receive ovarian 
suppression with a LHRH agonist if the patients have not documented ovarian ablation or bilateral oophorectomy before randomization or during the conduct of the study
C1D1 = cycle 1 day 1; CBR = clinical benefit rate; CDK = cyclin-dependent kinase; CR = complete response; CT = chemotherapy; DoR = duration of response; ET = endocrine therapy; HER2(+) = human epidermal growth factor receptor 2 (-positive); 
HR+ = hormone receptor-positive; LHRH = luteinizing hormone-releasing hormone; mBC = metastatic breast cancer; mPFS = median progression-free survival; ORR = objective response rate; OS = overall survival; PFS = progression-free survival; 
PIK3CA = phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; PK = pharmacokinetic; PR = partial response; PRO = patient-reported outcome; SD = stable disease; Tx = treatment. 
1. ClinicalTrials.gov NCT02947685. https://www.clinicaltrials.gov/ct2/show/NCT02947685. 2. PATINA (ClinicalTrials.gov NCT02947685) Trial Protocol (data on file).

Primary Endpoint
PFS

Secondary Endpoints
OS, 3- and 5-year survival probability, 

ORR, DoR, CBR, Safety, PROs

Other Endpoints
PK, PIK3CA status, Tumor tissue 

biomarkers

1 2 3 4 5 6 7 8 X X X X

Control arm Up to 12 
weeks’ gap 

before 
C1D1‡

Pertuzumab ± trastuzumab + ET#

Study arm Pertuzumab ± trastuzumab + ET# + palbociclib

PATIENTS ENROLLED AFTER
CLINICAL BENEFIT ACHIEVED

Taxane/vinorelbine 
+ 

anti-HER2 therapy†
N=496

Key Eligibility Criteria
• Histologically confirmed

‒ HR+/HER2+ mBC
• Anti-HER2-based induction CT 

Tx prior to randomization*
• No prior Tx in advanced 

setting beyond induction Tx
• No prior Tx with a CDK4/6 

inhibitor
• No evidence of disease 

progression after induction Tx TRIAL PFS ASSESSMENT PERIOD

INDUCTION PHASE MAINTENANCE PHASE

mPFS ASSUMPTION

13 months

20 months

The PATINA trial is a randomized Phase III trial designed to demonstrate that the combination of palbociclib 
with anti-HER2 therapy + endocrine therapy is superior to anti-HER2-based therapy + endocrine therapy alone 
in improving the outcomes of subjects with HR+/HER2+ mBC



Will DB-07
Foreshadow
DB-09?  ⇒



ASCO 2024
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Oral SERD + anti-HER2 therapy (#1027)

Bhave et al, ASCO 2024

Grade 3 TREAs:
Diarrhea 19%
Neutropenia 24%
Thrombocytopenia 14%
Anorexia 5% 



ASCO 2024
T-DXd and brain mets (#1032)

Fabi et al, ASCO 2024
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Hepatic TEAEs:
• Grade ≥3 hepatic TEAEs greater in TUC + T-DM1 arm 

(28.6% vs 7.3%), primarily due to AST/ALT elevations 
• No Hy’s law cases were identified

Groups were well-balanced for: age (53-55), world region, HR status (60%HR+), ECOG PS (60% = 0), brain mets (~44%),
and de novo stage IV presentation (~42-45%)



Approach to Therapy for Metastatic HER2+ disease 2024

Multiple lines of 
concurrent CT with 

HER2-directed therapy 
offers clinical benefit 

for patients with 
recurrent HER2+ MBC, 

but optimal 
sequencing is not 

known



First Depiction of HER family Dimers Circa 3,000 B.C.E.
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