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HER2 POSITIVE BREAST CANCER



ASCO/CAP Algorithm for IHC Testing

Weak-moderate complete 
membrane staining in >10% 

cells

Incomplete membrane 
staining faint/barely 

perceptible in >10% cells

IHC3+

Must order reflex test (same specimen for 
ISH) OR new test (IHC and ISH with new 

specimen, if possible)

IHC2+ IHC1+ IHC0

Equivocal

Circumferential membrane 
staining complete, intense, 

and in >10% cells

No staining or membrane 
staining incomplete, 

faint/barely perceptible in 
≤10% cells

HER2 testing by validated IHC assay; 
controls show appropriate staining



HER2 testing by validated IHC assay; 
controls show appropriate staining

• NCCN 2020 endorses ASCO/CAP guideline
• Equivocal results stratified through sequential IHC and ISH testing

ASCO/CAP Algorithm for ISH Testing

HER2/CEP17 ratio ≥2.0 HER2/CEP17 ratio <2.0

Group 1
HER2 GCN ≥4.0

Group 2
HER2 GCN <4.0

Group 3
HER2 GCN ≥6.0

Group 4
HER2 GCN ≥4.0 to <6.0

Group 5
HER2 GCN <4.0

ISH+ ISH–Additional work-up required



Paradigm Shift in HER2 Status

• HER2 expression as continuum
• Accommodates HER2 low expression and emerging 

treatment options

Dichotomous

+
HER2 -HER2



Metastatic HER2+ Breast Cancer
Trastuzumab Deruxtecan



ENHERTU Structure

ADC, antibody-drug conjugate; HER2, human epidermal growth factor receptor 2; IgG1, immunoglobin; mAb, monoclonal antibodies; T-DXd, fam-trastuzumab deruxtecan-nxki.
aThe clinical relevance of these features is under. investigation
1. Nakada T, et al. Chem Pharm Bull (Tokyo). 2019;67(3):173-185. 2. Ogitani Y, et al. Clin Cancer Res. 2016;22(20):5097-5108. 3. Trail PA, et al. Pharmacol Ther. 2018;181:126-142. 4. Ogitani 
Y, et al. Cancer Sci. 2016;107(7):1039-1046.

• A humanized anti-HER2 IgG1 mAb with the same 
amino acid sequence as fam-trastuzumab deruxtecan-nxki, 
covalently linked to:

• A topoisomerase I inhibitor payload, an exatecan derivative, via

• A tetrapeptide-based cleavable linker

Humanized anti-HER2 
IgG1 mAb1-3

Deruxtecan1,2

Topoisomerase I Inhibitor payload 
(DXd=DX-8951f derivative)

T-DXd is an ADC composed of 3 components1,2:
Payload mechanism of action: 
topoisomerase I inhibitor1,2,a

High potency of payload1,2,a

High drug to antibody ratio ≈ 81,2,a

Payload with short systemic half-life1,2,a

Stable linker-payload1,2,a

Tumor-selective cleavable linker1,2,a

Membrane-permeable payload1,4,a

Cleavable Tetrapeptide-Based Linker



ORR 61.4%

Median PFS
19.4 monthsDESTINY BREAST – 01 

- Phase 2 study

- Pre-treated population
- Pertuzumab (65%)
- T-DM1 (100%)

- Interstitial Lung Disease
- All grades: 15.2%
- Grade 5: 2.7%









DESTINY BREAST 03 - PFS

PFS T-DxD T-DM1

Median NR 
(18.5 – NE)

6.8 
(5.6 – 8.2)

12 months 75.8% 
(69.8 – 80.7%)

34.1 
(27.7 – 40.5)

p<0.001

Cortes et al, NEJM 2022



DESTINY BREAST 03 – PFS Update SABCS 2022



DESTINY BREAST 03 – OS Interim Analysis

OS T-DxD T-DM1

Median NE NE

12 months 94.1% 
(90.3 - 96.4%)

85.9 
(80.9 – 89.7%)

p=0.007

Cortes et al, NEJM 2022



DESTINY BREAST 03 – OS Update SABCS 2022





DESTINY BREAST 03 – Safety



DESTINY BREAST 03 – Safety

Hurvitz et al, SABCS 2022

• Interstitial Lung Disease / Pneumonitis (N=39)
• Grade 1-2: N=37
• Grade 3: N=2
• No Grade 4-5 events 







Baseline Characteristics

T-DxD
(N=406)

TPC 
(N=202)

HR-positive 238 (58.6%) 118 (58.4%)

Brain Mets 74 (18.2%) 36 (17.8%)

Visceral Disease 316 (77.8%) 160 (79.2%)

Prior Trastuzumab 404 (99.5%) 202 (100%)

Prior T-DM1 404 (99.5%) 202 (100%)













Metastatic HER2+ Breast Cancer -
Brain Metastases





TUCATINIB –
HER2 CLIMB



San Antonio Breast Cancer Symposium®, December 10-14, 2019

HER2CLIMB Trial Design

https://clinicaltrials.gov/ct2/show/NCT02614794

Tucatinib + Trastuzumab + Capecitabine
(21-day cycle)

Tucatinib 300 mg PO BID
+

Trastuzumab 6 mg/kg Q3W (loading dose 8 mg/kg C1D1)
+

Capecitabine 1000 mg/m2 PO BID (Days 1-14)

Key Eligibility Criteria
• HER2+ metastatic breast cancer
• Prior treatment with trastuzumab,  

pertuzumab, and T-DM1
• ECOG performance status 0 or 1
• Brain MRI at baseline

• Previously treated stable brain  
metastases

• Untreated brain metastases not  
needing immediate local therapy

• Previously treated progressing brain  
metastases not needing immediate  
local therapy

• No evidence of brain metastases

Placebo + Trastuzumab + Capecitabine
(21-day cycle)

Placebo
+

Trastuzumab 6 mg/kg Q3W (loading dose 8 mg/kg C1D1)
+

Capecitabine 1000 mg/m2 PO BID (Days 1-14)

N=410

N=202

*Stratification factors: presence of brain metastases  
(yes/no), ECOG status (0 or 1), and region (US or  
Canada or rest of world)

R*  
(2:1)

San Antonio Breast Cancer Symposium®, December 10-14, 2019

https://clinicaltrials.gov/ct2/show/NCT02614794?term=her2climb&amp;draw=2&amp;rank=1


San Antonio Breast Cancer Symposium®, December 10-14, 2019

Events  
N=612

HR  
(95% CI) P Value

TUC+Tras+Cape
Pbo+Tras+Cape

130/410
85/202

0.66
(0.50, 0.88)

0.00480

Median OS (95% CI):

Tucatinib Placebo

21.9 months
(18.3 – 31.0)

17.4 months
(13.6 – 19.9)

Median45%

76%

62%

27%

HER2 CLIMB - OS



Characteristic, n (%)
Tucatinib (n=410) Placebo (n=202)

Female 407 (99) 200 (99)

Age (years), median (range) 55.0 (22, 80) 54.0 (25, 82)

Presence/history of brain metastases 198 (48) 93 (46)

Treated, stable 118 (59.6) 55 (59.1)

Untreated 44 (22.2) 22 (23.7)

Treated, progressing 36 (18.2) 16 (17.2)

San Antonio Breast Cancer Symposium®, December 10-14, 2019

HER2 CLIMB – Baseline Demographics



HER2 CLIMB – PFS / OS (Brain Met Subgroup)

Lin et al, JCO 2020



HER2 CLIMB – PFS / OS (Brain Met Subgroup)

Lin et al, JCO 2020

Active Brain Mets Stable Brain Mets



INTRACRANIAL EFFICACY –
Trastuzumab Deruxtecan



38

Baseline Criteria CNS Subgroupa (n=24) All Patients 
(N=184)

Age, median (range), years 58.0 (33-85) 55.0 (28-96)

ECOG performance status 0/1/2, % 62.5/37.5/0 55.4/44.0/0.5

HR positive/negative/unknown, % 37.5/58.3/4.2 52.7/45.1/2.2

Presence of visceral disease, % 100 91.8

Median prior therapies, n (range) 6 (3-16) 6 (2-27)

DESTINY BREAST 01 – CNS Subgroup
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ITT Analysis CNS Subgroup 
(n=24)

All Patients 
(N=184)

Complete response, % (n) 4.2 (1) 6.0 (11)

Partial response, % (n) 54.2 (13) 54.9 (101)

Stable disease, % (n) 33.3 (8) 36.4 (67)

Disease control rate, % (n) 91.7 (22) 97.3 (179)

Median DOR (CR or PR), 
months (95% CI)

16.9
(5.7-16.9)

14.8
(13.8-16.9)

Median PFS, 
months (95% CI)

18.1
(6.7-18.1)

16.4 
(12.7-NE)

0
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CNS Subgroup
(n=24)

All Patients
(N=184)

Co
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irm
ed

 O
RR

 (%
)

58.3%
(n=14; 95% CI, 
36.6%-77.9%)2

60.9%
(n=112; 95% CI, 
53.4%-68.0%)1

DESTINY BREAST 01 – CNS Subgroup



- N=15 patients
- Untreated brain mets (40%)
- Primary brain mets after local 

therapy (60%)
- Efficacy (RANO-BM Criteria)

- Intracranial RR 73.3%
- 2 CR (13.3%)
- 9 PR (60%)

- No extracranial progression as first 
site of progressive disease

- No impact on QOL and cognitive 
function

40

TUXEDO-1 Trial

Preusser et al, Nature Medicine 2022

Response Rate
73.3%

Median PFS
14 months



T-DxD in Brain Metastases 

O’Brien, SABCS 2022



NERATINIB–
NALA



Adam Brufsky

Stratification variables
• Number of prior HER2 therapies for MBC
• Disease location
• HR status
• Geographic location

Inclusion criteria
• Metastatic breast cancer (MBC)
• Centrally confirmed HER2+ disease
• ≥2 lines of HER2-directed therapy for MBC
• Asymptomatic and stable brain 

metastases permitted

Neratinib 240 mg/d + 
Capecitabine 1500 mg/m2 14/21 d

Loperamide (cycle 1)a

Lapatinib 1250 mg/d + 
Capecitabine 2000 mg/m2 14/21 d 

R
(1:1)

Follow-up
(survival)

PD

PD

Endpoints
• Co-primary: PFS (centrally confirmed) and OS
• Secondary: PFS (local), ORR, DoR, CBR, intervention for 

CNS metastases, safety, health outcomes

No endocrine therapy permitted

Loperamide 4 mg with first dose of neratinib, followed by 2 mg every 4 h for first 3 d, then loperamide 2 mg every 6–8 h until end of Cycle 1. Thereafter as needed

n=621

NALA – Study Design
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NALA – Brain Mets

Neratinib Lapatinib

CNS Mets 22.8% 29.2%

P=0.043



Slide credit: clinicaloptions.comFreedman. SABCS 2022. Abstr PD7-03. NCT01494662.

 Primary endpoint: RANO-BM in 
each cohort

 Correlative analyses including PROs 
for GI toxicity

Cohort 4
• HER2+ MBC
• Measurable 

parenchymal BM
• ECOG PS 0-2
• No prior neratinib

Cohort 4A
Previously untreated BM

(planned n = 20; actual n = 6)

Cohort 4B
Progressive BM, no prior T-DM1
(planned n = 20; actual n = 17)

Cohort 4C
Progressive BM, prior T-DM1

(planned n = 23; actual n = 21)

Neratinib 160 mg PO QD +
T-DM1 3.6 mg/kg IV Q3W*

*Diarrhea prophylaxis with colestipol 
and loperamide mandated during 
cycle 1.

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

 Median no. prior lines of CT for MBC: 
2 (range: 0-10)

 No patient previously received Tucatinib

 In cohort 4B, ~70% of patients had been 
treated with WBRT and SRS

 In cohort 4C, ~50% of patients had been 
treated with WBRT and SRS

Freedman. SABCS 2022. Abstr PD7-03.

Characteristic, n (%)
Cohort 4A: 

Untreated BM
(n = 6)

Cohort 4B: 
Progressive BM, No T-DM1 

(n = 17)

Cohort 4C: 
Progressive BM, Prior T-DM1 

(n = 21)

Median age, yr (range) 52 (44-65) 48 (42-59) 48 (35-68)

Non-White race 2 (33.0) 3 (17.6) 1 (4.8)

No. prior CT lines for MBC
 1
 2
 ≥3
 Missing

1 (16.7)
1 (16.7)
1 (16.7)
3 (50) 

9 (52.9) 
4 (23.5)
3 (17.6)
1 (5.9)

0
6 (28.6)

15 (71.4)
0

Prior CNS surgery 0 7 (41.2) 7 (33.3)

Prior WBRT 0 12 (70.6) 11 (52.4)

Prior SRS 1 (16.7) 12 (70.6) 10 (47.6)

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com
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Freedman. SABCS 2022. Abstr PD7-03. Reproduced with permission.

Cohort 4C: Progressive BM, Prior T-DM1

(N=21) 

Best Response
CR
SD
PR
PD
BL
Unconfirmed PR
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(N=17)
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100

50

100
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Best RANO-
BM CNS 
Response, n 
(%)

Cohort 4A: Cohort 4B: Cohort 4C: 

CNS ORR% 33.3 
(4.3-77.7)

29.4 
(10.3-56.0)

28.6 
(11.3-52.2)

CNS CR + PR 
+ SD ≥6 mo, 
%

50.0 
(11.8-88.2)

35.3 
(14.2-61.7)

33.3 
(14.6-57.0)

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

TBCRC 022: OS

Freedman. SABCS 2022. Abstr PD7-03. Reproduced with permission.

Cohort 4A: 
Untreated BM

Cohort 4B: 
Progressive BM, 

No T-DM1 

Cohort 4C: 
Progressive BM, 

Prior T-DM1 

Probability of OS at 
12 mo, % (95% CI) 83.3 (58.3-1) 87.5 (72.7-1) 83.3 (67.6-1)

Patients at Risk, n
Cohort 4A
Cohort 4B
Cohort 4C

Mo

0.9

0.8

1.0

0.7

0 3 6 9 12

6
17
21

6
15
18

5
14
18

5
11
15

5
10
13

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

TBCRC 022: Safety

 1 grade 4 event reported (ALT increased)

 Despite diarrhea prophylaxis, more than 
one half of patients had grade 2/3 
diarrhea

AE, n (%)
Cohort 4 (N = 44)

Grade 2 Grade 3

Diarrhea 14 (32) 10 (23)

Fatigue 11 (25) 1 (2)

AST increased 6 (14) 3 (7)

Nausea 7 (16) 1 (2)

ALT increased 2 (5) 2 (5)

Anorexia 5 (11) --

Platelet count decreased 4 (9) 1 (2)

Vomiting 4 (9) --

Abdominal pain 3 (7) --

Dehydration 1 (2) 2 (5)

Dyspepsia 3 (7) --

AE, n (%)
Cohort 4 (N = 44)

Grade 2 Grade 3

GERD 3 (7) --

Hypokalemia -- 3 (7)

Mucositis oral 3 (7) --

Anemia -- 2 (5)

Generalized muscle weakness 2 (5) --

Peripheral sensory neuropathy 1 (2) 1 (2)

Freedman. SABCS 2022. Abstr PD7-03. 

http://www.clinicaloptions.com/


Early Stage HER2+ Breast Cancer
APHINITY Trial Update



Chemotherapy* + trastuzumab
+  placebo (N = 2405)

Chemotherapy* + trastuzumab
+  pertuzumab (N = 2400)

Randomization and treatment  
within 8 weeks of surgery

Anti-HER2 therapy for a total of 1 year (52 weeks)
(concurrent with start of taxane)  Radiotherapy 

and/or endocrine therapy may be  started at the 
end of adjuvant chemotherapy

Central  
confirmation  of 
HER2 status  (N 

= 4805)
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* Standard anthracycline or non-anthracycline (TCH) regimens were allowed: 3–4 x FEC (or FAC) → 3–4 x TH; 4 x AC (or EC) → 4 x TH; 6 x TCH

• Primary endpoint: IDFS (APHINITY definition differs from STEEP definition)

• Secondary endpoint: IDFS with 2nd primary non-breast primary cancers included, DFS, OS, RFI, DRFI, safety, and HRQoL

• Stratification factors: nodal status, HR status, chemotherapy regimen, geographic region, Protocol version (A vs. B)

• Clinical cut off date (CCOD) at the time of primary analysis was 19 Dec 2016, median follow up of 45.4 months

von Minckwitz et al, N Engl J Med 2017

APHINITY TRIAL – Adjuvant Pertuzumab



San Antonio Breast Cancer Symposium®, December 10-14, 2019

APHINITY TRIAL – 6 year IDFS



San Antonio Breast Cancer Symposium®, December 10-14, 2019

APHINITY TRIAL – 6 year IDFS



Pertuzumab Placebo

Overall Survival 
(ITT) 92.7% 92.0% HR 0.83

p=0.078

Overall Survival 
(Node Negative) 96.4% 95.5% HR=0.99

IDFS 
(ITT) 88.4% 85.8% HR 0.77

95% 0.66-0.91

IDFS 
(Node Positive) 86.1% 81.2% HR 0.72

95% CI 0.66 – 0.91

APHINITY TRIAL – 8 year update



Early Stage HER2+ Breast Cancer
Immune Checkpoint Blockade

IMPASSION-050 



56

IMPASSION 050 - Schema

HER2 Positive
T2-4 N1-3 M0

Adriamycin 
Cyclophosphamide

Paclitaxel
Trastuzumab 
Pertuzumab

Adriamycin 
Cyclophosphamide

Paclitaxel
Trastuzumab 
Pertuzumab

ATEZOLIZUMAB

PLACEBO

Primary Endpoints
• pCR in ITT population
• pCR in PD-L1 population

Zhang et al, JCO 2022



IMPASSION 050 - Results
ITT PD-L1 + PD-L1 -

Zhang et al, JCO 2022



IMPASSION 050 - Safety

Zhang et al, JCO 2022

• Atezolizumab vs Placebo
• Higher incidence of Grade 3-4 adverse events 
• Higher incidence of serious adverse events
• Deaths (n=5) in the Atezolizumab arm (Neoadjuvant phase)
• Expected higher rate of immune related adverse events



TRIPLE NEGATIVE BREAST CANCER



SACITUZUMAB GOVITECAN



Bardia NEJM 2021

ASCENT Trial – Sacituzumab Govitecan



PFS

ASCENT Trial – Sacituzumab Govitecan

Bardia NEJM 2021

OVERALL SURVIVAL



• Subgroup Analysis
• Sacituzumab Govitecan (n=33/235)
• TPC  (n=32/233)

• Most common 1L metastatic therapies
• Carboplatin, Gemcitabine, Capecitabine

• Safety profile similar to overall ASCENT trial
• Most common SG TRAEs: Neutropenia, Diarrhea, Alopecia

Carey et al NPJ Breast 2022



Carey et al NPJ Breast 2022



• EORTC QLQ-C30 
• Sacituzumab Govitecan (n=236)
• TPC (n=183)

• Quality of life instrument on day 1 of each cycle
• TPC (Capecitabine, eribulin, vinorelbine, or gemcitabine)

Loibl et al EJC 2023



• SG superior to TPC with longer time to clinically meaningful 
worsening scores in

• Physical functions: 22.1 vs 12.1 weeks
• Role functioning: 11.4 vs 7.1 weeks
• Fatigue: 7.7 vs 6.0 weeks
• Pain: 21.6 vs 9.9 weeks

• SG inferior to TPC
• Nausea/ vomiting scores
• Diarrhea

Loibl et al EJC 2023



Loibl et al EJC 2023



CARBOPLATIN



















Conclusion

• Addition of Carboplatin improved pCR, PFS, and OS
• Benefit seems to be limited to younger / pre-perimenopausal women

• Patients who achieve a pCR have excellent outcomes regardless of age / 
menopausal status

• Pitfalls
• Paclitaxel 8 weeks 
• No pembrolizumab used. Now standard since KEYNOTE-522
• No adjuvant capecitabine 



Geyer et al, Annals 2022



NEW AGENTS













Conclusions

• Cemiplimab + REGN 3767 effective in HR+ and TNBC tumors
• Immune signature identifies greatest benefit from ICB
• Increased incidence of immune related adverse events  



THANK YOU
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