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Multiple Independent Activations of the neu Oncogene by a Point 
Mutation Altering the Transmembrane Domain of p185



• “Using the transforming gene 
of the avian erythroblastosis 
virus, v-erbB, as a 
hybridization probe, we 
isolated genomic and cDNA 
sequences of an 
uncharacterized human gene. 
The 1255 amino acid 
polypeptide sequence derived 
from this cloned cDNA shows 
extensive homology to v-erbB 
and its cellular homologue, 
the human EGF receptor, and 
was therefore termed HER2”.

• “Further experiments should 
establish the biological role of 
the HER2 gene, and its role in 
oncogenesis”. 

Tyrosine Kinase Receptor with Extensive Homology to EGF Receptor
Shares Chromosomal Location with neu Oncogene

Coussens L, et al. Science. 1985 Dec 6;230(4730):1132-9. 



• Discovery of HER2 using v-erbB as a low stringency hybridization probe

• Early-stage HER2+ treatment considerations

• Sequential therapeutic options for HER+ metastatic breast cancer

OUTLINE



Pegram M, Slamon D
Semin Oncol 2000 Oct;27 (5 Suppl 9):13-9.

HER2 Gene Amplification in Breast Cancer: Disease Pathogenesis



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 

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

Diwanji, D., Trenker, R., Thaker, T.M.
et al. Nature 600, 339–343 (2021).
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Years From Randomization B31/N9831

Romond, et al., New England Journal of Medicine (2005).

Analysis of Adjuvant Trastuzumab Efficacy
(N = 3,351)



Tolaney SM, et al. Lancet Oncol 2023; 24: 273–85.



Neoadjuvant Dual HER2 MAb Therapy: Scientific Rationale and Clinical Outcomes

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 structure

NEOSHERE Time-to-event Outcomes



Post-neoadjuvant T-DM1: Final IDFS and updated OS Analysis at 8.4 yrs



DESTINY-BREAST05 and COMPASSHER2-RD: Post-neoadjuvant Trials for HER2+ RD

1) Screening, 2) scanning for ILD, working 3) synergistically with 
a care team, 4) suspending cancer treatment, and managing 
ILD with 5) steroids.



Extended Adjuvant HER2-Targeted Therapy
PD3-03 (Abstr #533): ExteNET “Final” OS

Holmes et al, Abstract #533 SABCS 2020.

Median FU 8.1 years:

←No difference in 
OS for ITT 
population.

HR+:
91.6% vs. 90.1%
HR-: 
88.1% vs. 90.3%

HR+/≤1 year, 8y OS:  91.5% vs, 89.4% Δ2.1%.  HR 0.79 (0.55-1.13)

91.3% vs. 82.2%
Δ9.1%
HR 0.47 (0.23-0.92)

San Antonio Breast Cancer Symposium®, December 8-11, 2020

HR+/≤1 year/neoadjuvant Rx/non-pCR subset(s):



CLEOPATRA: End-of Study Results

Pertuzumab + 
Trastuzumab/Doc

57.1

Placebo + 
Trastuzumab/Doc

40.8

*Crossover patients were analyzed in the placebo arm.

End-of-Study OS in ITT Population*

Median OS, 
Mos (95% CI)

Median follow-up was 99·9 months in the pertuzumab group (IQR 
92·9–106·4) and 98·7 months (90·9–105·7) in the placebo group

Swain SM et al. Lancet Oncol 2020; 21: 519–30.

16.3 months ↑ OS

First-line HER2+ MBC-



Goel S, et al. Cancer Cell. 2016; 29(3): 255–269.

Synergy between anti-HER2 and CDK 4/6i



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 indu ction, 
a gap of 12 weeks between their last infusion/dose of induction therapy and the C1D1 visit was permitted. Patients were eligi ble 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 – 90% power for HR 0.667

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=518

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 pivotal registration 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

Median # of cycles = 6            90% ET = AIs



Primary Endpoint: PFS 

(Investigator-Assessed)

Palbo + anti-HER2 

and ET

Anti-HER2 

and ET

Events 126/261 136/257

Median PFS, months (95% CI) 44.3 (32.4-60.9) 29.1 (23.3-38.6)

Hazard ratio (95% CI) 0.74 (0.58-0.94) 

Nominal 1-sided P value 0.0074

CI=confidence interval; ET=endocrine therapy; 

HER2=human epidermal growth factor receptor 2; 

palbo=palbociclib.
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Median follow-up on patients who are 

alive and disease-free, 52.6 months

Metzger, et al. SABCS 2024. Abstract GS1-03.

OS analysis remains immature, with only
119 of 247 planned events observed to 
date; median OS (control arm) = 77 mos.



Metzger, et al. SABCS 2024. Abstract GS1-03.



Caveats:
1. Randomization after a median of 6 cycles of chemo:
       - The real PFS from start of chemo would be even
          longer in PATINA
       - Yet, some patients progress during the
          chemo run-in; these patients no doubt
          have worse prognosis (not included in PATINA).

2. These data pre-date the anticipated results from
       DB-09, which has no real “maintenance” phase.
3. Febrile neutropenia not reported, ILD apparently
       not increased.
4. Will need FDA or guideline(s) nod for insurance
       authorization. 

Have we gotten it all wrong in HR+/HER2+ MBC?
Should we follow same paradigm as in HR+/HER2-neg dz?

Rapid progressors in
CLEOPATRA excluded in PATINA



Ongoing Trials in the First-line HER2+ Metastatic Space



Second-Line Rx for HER2+ MBC -- T-DXd vs T-DM1 in HER2+ MBC:

 Updated PFS and OS Results From the Randomized Phase 3 DESTINY-Breast03 Study

Median Follow-Up: 43.0 mo for T-DXd and 35.4 mo for T-DM1

a The P value for OS crossed the prespecified boundary (P=0.013) and was statistically significant. 
b Two-sided from stratified log-rank test.

Hamilton EP, et al. ASCO 2024. Abstract 1025.

PFS Assessed by INV

T-DXd (n=261) T-DM1 (n=263)

Median PFS, mo (95% CI) 29.0 (23.7-40.0) 7.2 (6.8-8.3)

HR (95% CI) 0.30 (0.24-0.38)

T-DXd: 45.7% (95% CI: 38.9-52.2)

T-DM1: 12.4% (95% CI: 8.1-17.7) 

OS

T-DXd (n=261) T-DM1 (n=263)

Median OS, mo (95% CI) 52.6 (48.7-NE) 42.7 (35.4-NE)

HR (95% CI) 0.73 (0.56-0.94)

T-DXd: 67.6% (95% CI: 61.3-73.0)

T-DM1: 55.7% (95% CI: 49.2-61.7) 

T-DXd: 62.5% (95% CI: 56.2-68.3)

T-DM1: 50.1% (95% CI: 43.6-56.2) 







Rugo HS, et al. J Clin Oncol. 2023 Jan 10;41(2):198-205.       Rugo HS, et al. JAMA Oncol. 2021 Apr 1;7(4):573-584.

Margetuximab Versus Trastuzumab in Patients With 
Previously Treated HER2-Positive Advanced Breast Cancer 
(SOPHIA)



Two New Ongoing Phase I Studies Exploiting Immune Activation in HER2+ Tumor Microenvironments

1. HER2 ADC
      STING
      agonist
      payload

2. HER2/CD47
    bispecific



ep·i·logue
/ˈepəˌlôɡ,ˈepəˌläɡ/

Noun, definition -- An epilogue is the final chapter at the end of a story that often serves to reveal the 
fates of the characters. Some epilogues may feature scenes only tangentially related to the subject of 

the story. They can be used to hint at a sequel or wrap up all the loose ends.

1. HER2 structure/function relationships demonstrate high homology with EGFR, and

    cytoplasmic kinase domain primordial structural similarity to Cyclin/CDK complexes.

2. Combined receptor blockade with anti-HER2 and anti-estrogens is synergistic against

    HER2+/HR+ breast cancers.

3. Therapeutic strategies targeting HER2 and CDK 4/6 are also synergistic [Goel S, et al.

    Cancer Cell. 2016; 29(3): 255–269].

4. HER2-targeting ADCs with cytotoxic payloads are a new standard of care in the treatment of

    both HER2+ early breast cancer (with residual disease following neoadjuvant therapy), and

    HER2+ MBC – both with OS benefits.

5. Trastuzumab was the first approved immunotherapy for breast cancer. Co-targeting HER2

    and immune mechanisms with HER2 ADCs or bi-specifics is an ongoing paradigm in clinical

    phase I investigations. 



Questions/Comments
Debate/Discussion

Criticism

James H. Clark Center
Stanford University

Stanford Bio-X Program:
Biology, Medicine,Chemistry,
Physics and Engineering THANK YOU!
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The Many Thousands of Patients
and Their Families
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