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Objectives 

• Current status of breast cancer subtypes
• Therapeutic advances in HER2 + 
• Therapeutic advances in HER2 low
• Future direction



Subtypes of Breast Cancer
Her2 low?



Intrinsic Breast Cancer Subtypes 

Anderson et al, JNCI 2014



HER2 IHC examples

HER2+

HER2-low

HER2-
63% HER2 Low

HER2-negative

Prevalence of HER2-low by HR-status

Schettini. ESMO Breast Cancer Virtual Meeting 2020. Abstr 23P. Slide courtesy of Aleix Prat.

34% HER2 Low



Defining  HER2-low BC: Is it a New Subtype
6

Patricia M. LoRusso, DO, PhD

HER2 Testing by Validated IHC Assay

IHC 3+ IHC 2+ IHC 1+ IHC 0+

HER2-Positive HER2-Low HER2-NegativeISH Test 
POSITIVE

ISH Test 
NEGATIVE

Adapted from Tarantino et al. J Clin Oncol. 2020 38(17) 

HER2-positive BC

HER2-negative BC
HER2-low BC45-55%

30-40%

15%



Do HER2 Low Tumors Have Worse Prognosis?
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• Prognostic significance of HER2 expression in HER2 low tumors has been 
evaluated retrospectively in different patient groups, with conflicting 
results.
• Prognostic significance may vary among HR positive and Her2 negative 

tumors 
• Data are limited by lack of prospective data



Take Home Points for Breast Cancer Subtypes 

• HER2 positivity has been a defining criteria for distinguishing various 
breast cancers with prognostic and predictive implications

• Although we may disagree on whether HER2 low is an independent 
subtype, very clear therapeutic implications as we will discuss today.

• Expansion of therapeutic options for both previously identified HR positive 
and TNBC tumors.  
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Therapeutic Advances HER2 +



Patritumab
Deruxtecan
U31402-A-J101

Evolving Therapeutic Strategies for HER2 positive MBC 
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Tarantino P et al Exp Target Antitumor, 2021

Patritumab Deruxtecan (HER3-DXd)



T-DXD
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Patricia M. LoRusso, DO, PhD

T-DXd is an ADC composed of 3 components1,2

• A humanized anti-HER2 IgG1 mAb with the same amino acid sequence 
• as trastuzumab, covalently linked to:
• A topoisomerase I inhibitor payload, an exatecan derivative, via
• A tetrapeptide-based cleavable linker

ADC, antibody-drug conjugate; DXd, DX-8951f derivative; HER2, human epidermal growth factor receptor 2; IgG1, immunoglobulin G1; mAB, monoclonal antibody; T-DXd, trastuzumab deruxtecan.
aThe clinical relevance of these features is under investigation.
1. Nakada T et al. Chem Pharm Bull (Tokyo). 2019;67:173-185. 2. Ogitani Y et al. Clin Cancer Res. 2016;22:5097-5108. 3. Trail PA et al. Pharmacol Ther. 2018;181:126-142. 4. Ogitani Y et al. Cancer Sci. 2016;107:1039-1046.

Payload mechanism of action: 
topoisomerase I inhibitora,1,2

High potency of payloada,1,2

High drug-to-antibody ratio, ≈8a,1,2

Payload with short systemic half-lifea,1,2

Stable linker-payloada,1,2

Tumor-selective cleavable linkera,1,2

Bystander antitumor effecta,1,4

Humanized anti-HER2 IgG1 
mAb1-3

Deruxtecan1,2

Topoisomerase I Inhibitor payload 
DXd

Cleavable tetrapeptide-based linker



DESTINY-Breast04

Cell Death

HER2-positive cancer cells HER2-negative cancer cells
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T-DXd Mechanism of Action

Binding

Drug Release

Adapted from: Mosele, MF. Presented at ESMO Breast Cancer Congress. May 4, 2022. Abstract LBA1

DXd DXd DXd

Bystander 
Effect

Internalization

Linker Cleavage

Lysosome

Patricia M. LoRusso, DO, PhD



DESTINY-Breast0413
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Cortes, et al NEJM, 2022













OTHER EMERGING 
HER2/HER3 DIRECTED 
THERAPIES 



HER Family Signaling Cascades  

Arteaga et al. Nature Reviews, 2012



Patritumab
Deruxtecan
U31402-A-J101Patritumab Deruxtecan (HER3-DXd)
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• HER3-DXd is an ADC with 3 components1-6:
• A fully human anti-HER3 IgG1 mAb (patritumab), covalently linked to
• A topoisomerase I inhibitor payload, an exatecan derivative, via
• A tetrapeptide-based cleavable linker

HER, human epidermal growth factor receptor; IgG1, immunoglobulin G1; mAb, monoclonal antibody.
a The clinical relevance of these features is under investigation. b Based on animal data.
1. Hashimoto Y, et al. Clin Cancer Res. 2019;25:7151-7161. 2. Nakada T, et al. Chem Pharm Bull (Tokyo). 2019;67(3):173-185. 3. Ogitani Y, et al. Clin Cancer Res. 2016;22(20):5097-5108. 4. Koganemaru S, et al. 
Mol Cancer Ther. 2019;18:2043-2050. 5. Haratani K, et al. J Clin Invest. 2020;130(1):374-388. 6. Ogitani Y, et al. Cancer Sci. 2016;107(7):1039-1046. 

Payload mechanism of action: 
topoisomerase I inhibitor a,1-4

High potency of payload a,1-4

High drug to antibody ratio ≈ 8 a,1,2

Payload with short systemic half-life a,b,2,3

Stable linker-payload a,2-4

Tumor-selective cleavable linker a,1-5 

Bystander antitumor effect a,2,6

Deruxtecan
1-4

1-4

7 Key Attributes of HER3-DXd 

Human anti-HER3
IgG1 mAb1-4

Cleavable Tetrapeptide-Based Linker

Topoisomerase I Inhibitor Payload
(DXd)



Patritumab
Deruxtecan
U31402-A-J101Study Design
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KEY ELIGIBILITY CRITERIA
• Advanced/unresectable or 

metastatic breast cancer
• HER3-positivea

DF & DEXP (HR+/HER2−) 
• ≥2 and ≤6 lines of prior 

chemotherapy; ≥2 for 
advanced disease

DEXP (TNBC)
• 1 to 2 prior chemotherapy

regimens for advanced 
disease

DE, dose escalation; DEXP, dose expansion; DF, dose finding; EWOC, escalation with overdose control; HR, hormone receptor; IHC, immunohistochemistry; mCRM, modified continuous reassessment method;  
Q2W, once every 2 weeks; Q3W, once every 3 weeks; TNBC, triple-negative breast cancer. 
a HER3 status was determined by IHC in archival tumor tissue (pre-treatment samples [<6 months prior to HER3-DXd treatment] were used for screening when archival tissue was not available); HER3-positive was 
defined as IHC 2+ and IHC 3+ for DE/DF cohorts and as ≥25% membrane positivity at 10x for DEXP cohorts. b Guided by mCRM with EWOC. c HER3-high was defined as ≥75% membrane positivity at 10x; HER3-
low was defined as ≥25% and <75% membrane positivity at 10x. d Includes two patients with unknown BC subtype.

Data for all 3 phases were pooled
• Efficacy is reported by BC subtype: HR+/HER2− (n=113), TNBC (n=53), and HER2+ (n=14)
• Safety is reported for patients who received HER3-DXd 4.8 mg/kg (n=48), 6.4 mg/kg (n=98), and 

all patients (N=182d)

6.4 mg/kg IV Q3W
(n=31)

Dose Expansion (DEXP)

4.8 mg/kg IV Q3W
(n=33)

6.4 mg/kg IV Q3W
(n=21)

6.4 mg/kg IV Q3W
(n=31)

HER3-Highc
HR+/HER2− TNBC

HR+/HER2−
HER3-Lowc

Dose Finding (DF)
Any BC Subtype

8.0 mg/kg IV Q3W n=6

3.2 mg/kg IV Q3W
n=3

1.6 mg/kg IV Q3W
n=3

6.4 mg/kg IV Q3W n=15

4.8 mg/kg IV Q3W n=15

3.2→4.8→6.4 mg/kg Q3W
then 6.4 mg/kg Q3W (n=12)

4.2 mg/kg IV Q2W × 3 cycles 
then 6.4 mg/kg IV Q3W (n=12)

Dose Escalation (DE)b

Any BC Subtype

Any BC Subtype



Patritumab
Deruxtecan
U31402-A-J101Baseline Characteristics 
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HR+/HER2−
(n=113)

TNBC
(n=53)

HER2+
(n=14)

HER3-High and -Lowa HER3-Higha HER3-Higha

Median age (range), years 55.0 (30-83) 59.0 (30-81) 58.0 (37-70)

Country, % Japan 70.8 86.8 100.0
USA 29.2 13.2 0.0

ECOG PS, % 0 75.4 62.3 85.7
1 24.6 37.7 14.3

HER2 status, %b

HER2-zero 34.5 35.8 0.0
HER2-low 51.3 54.7 0.0
HER2+ 0.0 0.0 100.0
HER2 IHC 2+ (ISH unknown) 11.5 9.4 0.0
Unknown 2.7 0.0 0.0

Presence of metastasis (BICR), %

Lung and/or Liver 90.3 64.2 85.7
Lung 43.4 47.2 42.9
Liver 75.2 34.0 57.1

Brainc 10.6 9.4 28.6
Bone 60.2 35.8 50.0

Median sum of diameters (BICR; range), mm 54.0 (10, 182) 44.4 (11, 186) 44.6 (17, 85)

Median number of prior cancer regimens 
(range), n

All regimens 7.0 (2-14) 3.0 (1-13) 6.5 (2-11)
In advanced setting 6.0 (2-13) 2.0 (1-13) 5.5 (2-11)
CT in advanced setting 3.0 (1-7) 2.0 (1-6) 4.0 (2-8)

BICR, blinded independent central review; CT, chemotherapy; DE/DF, dose escalation/dose finding; ECOG PS, Eastern Cooperative Oncology Group performance status; ISH, in situ hybridization. 
a HER3-high was defined as ≥75% membrane positivity at 10x; HER3-low was defined as ≥25% and <75% membrane positivity at 10x. In DE/DF cohorts, IHC 2+ and 3+ were considered HER3-high. b HER2 status 
(based on medical records) was defined as: HER2-zero, IHC 0; HER2-low, IHC 1+ or 2+ (ISH−); HER2+, IHC 2+ (ISH+), IHC 3+. c Patients with clinically active brain metastases were excluded.

Patients with HER3-expressing metastatic BC with poor prognostic characteristics were heavily pretreated.



Patritumab
Deruxtecan
U31402-A-J101Clinical Activity of HER3-DXd Across BC Subtypes
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Outcomes (BICR per RECIST 1.1)
HR+/HER2−

(n=113)
TNBC
(n=53)

HER2+
(n=14)

HER3-High and -Low HER3-High HER3-High

Confirmed ORR, % (95% CIa) 30.1 
(21.8-39.4)

22.6 
(12.3-36.2)

42.9 
(17.7-71.1)

Best overall response, %b

PR 30.1 22.6 42.9
SD 50.4 56.6 50.0
PD 11.5 17.0 7.1
NE 8.0 3.8 0.0

DOR, median (95% CI), mo 7.2 
(5.3-NE)

5.9 
(3.0-8.4)

8.3 
(2.8-26.4)

PFS, median (95% CI), mo 7.4
(4.7-8.4)

5.5
(3.9-6.8)

11.0 
(4.4-16.4)

6-month PFS rate, % (95% CI) 53.5
(43.4-62.6)

38.2
(24.2-52.0)

51.6
(22.1-74.8)

OS, median (95% CI), mo 14.6
(11.3-19.5)

14.6
(11.2-17.2)

19.5
(12.2-NE)

CR, complete response; DOR, duration of response; NE, not evaluable; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease.
a 95% exact binomial confidence interval (by Clopper-Pearson method). 
b No patients had a CR.

HER3-DXd demonstrated durable antitumor activity across BC subtypes
• Confirmed ORR for all patients (N=182), 28.6% (95% CI, 22.1%-35.7%); median DOR, 7.0 mo (95% CI, 5.5-8.5 months)



Patritumab
Deruxtecan
U31402-A-J101TEAEs in Patients Treated with 4.8 mg/kg and 6.4 mg/kg
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TEAEs (≥25% of all patients), %
4.8 mg/kg

n=48
6.4 mg/kg

n=98

All grade Grade ≥3 All grade Grade ≥3

TEAEs 97.9 64.6 100 81.6

Nausea 68.8 4.2 80.6 5.1
Platelet count decreaseda 60.4 27.1 71.4 38.8
Neutrophil count decreaseda 62.5 27.1 66.3 52.0
Decreased appetite 56.3 6.3 53.1 6.1
Vomiting 47.9 4.2 46.9 1.0
White blood cell count decreaseda 45.8 10.4 45.9 23.5
Diarrhea 41.7 4.2 43.9 3.1
Anemiaa 43.8 20.8 43.9 21.4
Aspartate aminotransferase increased 43.8 4.2 34.7 6.1
Stomatitis 25.0 0.0 34.7 1.0
Fatigue 31.3 0.0 33.7 3.1
Alanine aminotransferase increased 41.7 2.1 31.6 7.1
Constipation 22.9 0.0 29.6 0.0
Alopecia 20.8 NA 28.6 NA
Malaise 22.9 0.0 26.5 1.0

GI, gastrointestinal; NA, not applicable.
a Grouped terms: platelet count decreased (platelet count decreased, thrombocytopenia); neutrophil count decreased (neutrophil count decreased, neutropenia); white blood cell count decreased (leukopenia, white 
blood cell decreased); anemia (hemoglobin decreased, red blood cell count decreased, anemia, hematocrit decreased).

• GI and hematologic toxicity were the most 
common TEAEs

• Rates of non-hematologic toxicity were similar 
at both doses and generally low grade

• Rates of grade ≥3 neutropenia, 
thrombocytopenia and leukopenia were 
numerically higher at 6.4 mg/kg vs 4.8 mg/kg
• All events were managed by dose delay or 

reduction and were not associated with 
treatment discontinuation

• No grade ≥3 TEAE of thrombocytopenia resulted 
in a grade ≥3 bleeding event

ILD rate: 6.6% (0.5% Grade 5)
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Current Treatment Paradigm for Her2 Positive Metastatic Breast Cancer 
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THERAPEUTIC ADVANCES IN 
HER2  LOW (1+ 2+ IHC FISH 
NEGATIVE)

























NEXT STEPS/FUTURE 
DIRECTIONS
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With this new class of anti-cancer agents, 
more accurate and sensitive ways of 
assessing Her2 status are needed.

Patricia M. LoRusso, DO, PhD
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Patricia M. LoRusso, DO, PhD

Slide Intellectual Property of David L. Rimm. Contact David.Rimm@Yale.edu for Permission 

mailto:David.Rimm@Yale.edu


What is the Future of Her2 positive/Her2 low 
breast cancer 



Conclusions 

• The HER2 oncogene has proven to be one of 
the most druggable targets in oncology.
• Expect continued transformation of the 

traditional chemotherapy space expanded 
uses of ADCs.
• Better biomarker assessment for response 

and reliable predictors of toxicity are 
needed.
• Patient outcomes are improving but more is 

needed still and we as a community are 
working toward for more personalized 
treatment and symptom management 
strategies. 



Thank You
Maryam.Lustberg@yale.edu

@maryam_lustberg


