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Optimizando el tratamiento del cáncer de mama Her2 
positivo en estadios tempranos. ¿A quiénes más y a quiénes 

menos?





Edith A. Perez et al. JCO 2014;32:3744-3752
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Unmet Medical Need Remains in HER2+ EBC



Escalation (increasing efficacy)

De-escalation of treatment (reducing toxicity)

• Increasing duration of trastuzumab
• Addition of lapatinib
• Addition of neratinib
• Addition pertuzumab
• Addition of T-DM1

• Shortening adjuvant trastuzumab
• Less toxic chemotherapy
• Avoiding treatment of “low risk” patients
• Optimizing trastuzumab administration
• Economic toxicity (biosimilars)



Escalation (increasing efficacy)

De-escalation of treatment (reducing toxicity)

• Increasing duration of trastuzumab
• Addition of lapatinib
• Addition of neratinib
• Addition pertuzumab
• Addition of T-DM1

• Shortening adjuvant trastuzumab
• Less toxic chemotherapy
• Avoiding treatment of “low risk” patients
• Optimizing trastuzumab administration
• Economic toxicity (biosimilars)



• Definition of risk is critical in clinical decission & in the success of
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Surgery

pT1N0

HER2 + stage I-III Breast Cancer

Tolaney S, JCO 2019

APT Trial: Study Design



Surgery

pT1N0

HER2 + stage I-III Breast Cancer

T + paclitaxel

Tolaney S, JCO 2019

APT Trial: Study Design



Surgery

pT1N0

HER2 + stage I-III Breast Cancer

T + paclitaxel

pT ≥2 or pN+



Arm 2

Surgery

Arm 1

R

Central 
confirmation of 

HER2 status
N ~ 4800

Trastuzumab

Pertuzumab

Chemotherapy

6–8 cycles

Trastuzumab

Placebo

Anti-HER2 therapy for a total of 1 year (18 cycles)

10-year 
follow-up6–8 cycles

Chemotherapy

• Primary endpoint: IDFS 

• Secondary endpoints: IDFS including second non-breast cancer, DFS, OS, recurrence-free interval, distant recurrence-free interval, cardiac and overall 
safety, HRQoL

Aphinity Trial: Design



iDFS after 45.2 months of FU (2017)

von Minckwitz G, NEJM 2017; Piccart M, JCO 2021

Updated descriptive iDFS analysis after 74.1 
months of FU (2019)

Aphinity Trial: Results



IDFS in the node-positive cohort IDFS in the node-negative cohort

Aphinity Trial: Results

Piccart M, JCO 2021



Surgery

pT1N0

HER2 + stage I-III Breast Cancer

T + paclitaxel

pT ≥2 or pN+

pT ≥2 N0 pT ≥1 pN+

P + T + 

Poly-CT

T + Poly-

CT



• Primary endpoint: invasive disease-free survival (iDFS)

• Secondary endpoints: DFS-DCIS, time to distant recurrence, distant DFS, CNS metastases, OS, safety 

• Other analyses: biomarkers, health outcome assessment (FACT-B, EQ-5D)

• Stratified by: nodes 0, 1–3 vs. 4+, ER/PR status, concurrent vs. sequential trastuzumab

• Study blinded: Until primary analysis; OS remains blinded

• HER2+ breast cancer

– IHC 3+ or ISH amplified 

(locally determined)

• Prior adjuvant trastuzumab + 

chemotherapy

• Lymph node +/–, or residual 

invasive disease after 

neoadjuvant therapy

• ER/PR +/– (endocrine 

therapy permitted)
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x 1 year

240 mg/day

Placebo x 1 

year

July 

20141

March 

20172

July

20193,4

ExteNET phase III trial: Study design

1. Chan et al. Lancet Oncology 201. 
2. Martin et al. Lancet Oncology 2017. 

3. Chan et al. Clinical Breast Cancer 2020. 
4. Holmes et al. SABCS 2020 PD3-03



ExteNET Primary Endpoint: 
iDFS Intention-to-treat Population 2-Year Analysis and 5-Year Analysis

Neratinib

Placebo

CI, confidence interval; HR, hazard ratio; 

iDFS, invasive disease-free survival; ITT, intention to treat.

Neratinib

Placebo
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Median follow-up 24 months
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No. at risk

Neratinib 1420 1288 1257 1227 1188 1150 1108 1033 662

Placebo 1420 1367 1323 1291 1242 1206 1161 1089 704

No. at risk

Neratinib 1420 1316 1272 1225 1106 978 965 949 938 920 885

Placebo 1420 1354 1298 1248 1142 1029 1011 991 978 958 927

∆ 2.5%

Months after randomisation Months after randomisation

1. Nerlynx (neratinib) EPAR Public Assessment Report. European Medicines Agency. 13 July 2018. EMA/CHMP/525204/2018. Available at: 
https://www.ema.europa.eu/en/documents/assessment-report/nerlynx-epar-public-assessment-report_en.pdf; 2. Martin M, et al. Lancet Oncol. 
2017;18:1688–1700. 

ITT iDFS 2-year analysis1 ITT iDFS 5-year analysis2

https://www.ema.europa.eu/en/documents/assessment-report/nerlynx-epar-public-assessment-report_en.pdf


ExteNET 2-year Analysis: 
the absolute iDFS advantage with neratinib in the HR+ subgroup is up to 4.1% 

• Nerlynx EPAR Public Assessment Report. European Medicines Agency. 13 July 2018. EMA/CHMP/525204/2018. Available at: 
https://www.ema.europa.eu/en/documents/assessment-report/nerlynx-epar-public-assessment-report_en.pdf;

HR+ HR-
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No. at risk

Neratinib 816 735 719 697 677 653 629 591 380
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Association between pCR and EFS (patient level)

Broglio KR et al. JAMA Oncol. 2016; Cortázar P. Lancet Oncol 2014

HR negative: HR 0.29 (0.24-0.36) HR positive: HR 0.52 (0.40-0.66)

pCR

RD



Gianni L, et al. Lancet Oncol 2012; 13:25–32

NeoSphere: Design

Neoadjuvant treatment
q3w x 4 Adjuvant treatment

R

N
 =

 4
1
7

S

U

R

G

E

R

Y

Trastuzumab + docetaxel (n = 
107)

Pertuzumab + trastuzumab 
+ docetaxel (n = 107)

Pertuzumab + docetaxel (n = 
96)

Pertuzumab + trastuzumab (n = 
107)

Trastuzumab + FEC

Trastuzumab + FEC

Trastuzumab + FEC

Trastuzumab + [docetaxel ®

FEC]

Arm A

Arm B

Arm C

Arm D

H, trastuzumab; P, pertuzumab; T, docetaxel

Neosphere: pCR rate (breast)

p = 
0.0141

50

40

30

20

10

0
TH THP HP TP

p
C

R
, 
%

 ±
9
5

%
 

C
I

p = 0.0198

p = 

0.003

29.

0

45.8

16.8

24.0

Gianni L, et a l. Lancet O nco l 2012; 13:25–32

Gianni L, et al. Lancet Oncol 2012; 13:25–32

Neosphere: pCR rate (breast)



TRYPHAENA: Diseño

S
U

R
G

E
R

Y
 / X

R
T

docetaxel x 3 plus

trastuzu/ pertuzu

FEC x 3 è docetaxel x 3 

trastuzumab /pertuzumab

d
ia

g
n

o
s
is

Trastuzumab
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to 1 year

Docetaxel / carboplatin

Trastuzumab /pertuzumab

(TCH) X 6
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to 1 year

FEC X3

Additional chemoRx 
if required

Schneeweiss, et al. SABCS 2011

Schneeweiss A, et al. SABCS 2011 
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Surgery

pT1N0

HER2 + stage I-III Breast Cancer

T + paclitaxel

pT ≥2 or pN+
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Gianni L et al. Lancet Oncol 2016; van Mackelenbergh MT. JCO 2023 

HER2+ EBC: Which factors predict relapse after pCR ?

NeoSphere: DFS  according pCR
(No adjuvant pertuzumab)

pCR 15%

In pCR+ patients, cT and cN were significant
independent prognostic factors for EFS 
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NeoSphere: DFS  according pCR

Gianni L et al. Lancet Oncol 2016.

Non-pCR 24%



KATHERINE: Study Design

Geyer CE. ASCO 2018



San Antonio Breast Cancer Symposium December 4–8, 2018

Invasive Disease-Free Survival

This presentation is the intellectual property of Charles E. Geyer Jr. Contact him at cegeyer@vcu.edu for permission to reprint and/or distribute.
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• Definition of risk is critical in clinical decission & in the success of

escalation and de-escalation clinical trials
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ER/PR expression Gene expression
PAM 50

Immune signatures & TILs

Prat A, JNCI 2014; CIBERSORT from PAMELA RNAseq data, unpublished



Predicting pCR vs prognosis in CALGB40601 trial

Fernandez-Martinez et al. JCO 2020

Among 688 RNA biomakers:

215 (31%) were associated with pCR
45 (7%) were associated with RFS*
22 (3%) were associated with both

Easier to predict pCR than RFS

Predictors of pCR do not have to predict RFS 
and vice-versa

*Relapse-free survival

pCR RFS pCR RFS

pCR RFS



HER2DX genomic test for early-stage HER2+ disease
o T size

o Nodal status

o 27 genes

o 4 gene signatures 
• IGG/B-cell/plasma (14 genes)

• Proliferation

• luminal differentiation

• HER2 amplicon expression

o HER2DX risk-score

o HER2DX pCR-score

o HER2DX ERBB2-score

Prat et al,Lancet Oncol 2020; Prat et al, EBioMedicine 2022; Guarneri et al,  EBioMedicine 2022; Brasó-Maristany et al., JNCI 2022



HER2DX clinical validation

Prat et al. EBioMedicine 2022
Fara Brasó-Maristany ESMO Breast 2022

PER-ELISA presented at ESMO Paris 2022 and published in EBioMedicine 2022
DAPHNe and GOM studies: JAMA Oncol 2023 In Press
APT and ATEMPT: SABCS 2022 and ESMO Breast 2023

BiOnHER phase II trial: To be presented at ESMO Breast 2023

7 Studies → 1,812 patients
• Clinic-Padova-PAMELA phase II
• APT phase II trial
• ATEMPT phase II trial
• CALGB40601 phase III
• SCAN-B
• TCGA
• METABRIC

1 Gene list association study
• N9831 phase III: 849 patients

7 Studies → 872 patients
• Clinic-Padova
• PAMELA phase II
• CALGB40601 phase III
• ISPY-2 phase II
• PER-ELISA phase II
• DAPHNe phase II trial
• MADRID/GOM observational trial
• BiOnHER phase II trial 



Should we change this algorithm
depending on HER2DX test results?



Surgery

pT1N0

HER2 + stage I-III Breast Cancer

T + paclitaxel

APT trial (n=406) ATEMPT trial (n=497)

Tolaney NEJM 2015; Tolaney JCO 2019; Tolaney Lancet Oncol 2023; Tolaney JCO 2021

5-20% of clinically
low-risk tumors may

be undertreated
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Adjuvant Trastuzumab Emtansine Versus

Paclitaxel in Combination With Trastuzumab for

Stage I HER2-Positive Breast Cancer (ATEMPT): A

Randomized Clinical Trial
Sara M. Tolaney, MD, MPH1,2; Nabihah Tayob, PhD1; Chau Dang, MD3; Denise A. Yardley, MD4; Steven J. Isakoff, MD, PhD5;

Vicente Valero, MD6; Meredith Faggen, MD1; Therese Mulvey, MD5; Ron Bose, MD, PhD7; Jiani Hu, MSc1; Douglas Weckstein, MD1;

Antonio C. Wolff, MD8; Katherine Reeder-Hayes, MD, MBA, MSc9; Hope S. Rugo, MD10; Bhuvaneswari Ramaswamy, MD11;

Dan Zuckerman, MD12; Lowell Hart, MD13; Vijayakrishna K. Gadi, MD, PhD14; Michael Constantine, MD1; Kit Cheng, MD15;

Frederick Briccetti, MD1; Bryan Schneider, MD16; Audrey Merrill Garrett, MD17; Kelly Marcom, MD18; Kathy Albain, MD19;

Patricia DeFusco, MD20; Nadine Tung, MD2,21; Blair Ardman, MD22; Rita Nanda, MD23; Rachel C. Jankowitz, MD24;

Mothaffar Rimawi, MD25; Vandana Abramson, MD26; Paula R. Pohlmann, MD, PhD, MSc27; Catherine Van Poznak, MD28;

Andres Forero-Torres, MD29; Minetta Liu, MD30; Kathryn Ruddy, MD30; Yue Zheng, MSc1; Shoshana M. Rosenberg, ScD, MPH1,2;

Richard D. Gelber, PhD1,2; Lorenzo Trippa, PhD1,2; William Barry, PhD1; Michelle DeMeo, BS1; Harold Burstein, MD, PhD1,2;

Ann Partridge, MD, MPH1,2; Eric P. Winer, MD1,2; and Ian Krop, MD, PhD1,2

ab
stract

PURPOSE The ATEMPT trial was designed to determine if treatment with trastuzumab emtansine (T-DM1)

caused less toxicity than paclitaxel plus trastuzumab (TH) and yielded clinically acceptable invasive disease-free

survival (iDFS) among patients with stage I human epidermal growth factor receptor 2–positive (HER21 ) breast

cancer (BC).

METHODSPatients with stage I centrally con rmed HER21 BCwere randomly assigned 3:1 to T-DM1 or TH and

received T-DM1 3.6 mg/kg IVevery 3 weeks for 17 cycles or T 80 mg/m2 IVwith H once every week 3 12 weeks

(4 mg/kg load →2 mg/kg), followed by H 3 39 weeks (6 mg/kg once every 3 weeks). The co-primary objectives

were to compare the incidence of clinically relevant toxicities (CRTs) in patients treated with T-DM1 versus TH

and to evaluate iDFS in patients receiving T-DM1.

RESULTSThe analysis population includes all 497 patients who initiated protocol therapy (383 T-DM1 and 114

TH). CRTs were experienced by 46% of patients on T-DM1 and 47% of patients on TH (P 5 .83). The 3-year

iDFS for T-DM1 was 97.8% (95% CI, 96.3 to 99.3), which rejected the null hypothesis (P , .0001). Serially

collected patient-reported outcomes indicated that patients treated with T-DM1 had less neuropathy and al-

opecia and better work productivity compared with patients on TH.

CONCLUSIONAmong patients with stage I HER21 BC, one year of adjuvant T-DM1 was associated with excellent

3-year iDFS, but was not associated with fewer CRT compared with TH.

J Clin Oncol 00. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Approximately 15%-20% of invasive early breast

cancers (BCs) overexpress human epidermal growth

factor receptor 2 (HER2),1,2 and HER2 overexpression

is associated with higher recurrence rates compared

with HER2-negative cancers. Retrospective series of

untreated patients demonstrate that stage I HER2-

positive cancers have recurrence rates between 10%

and 30%, suf cient risk to justify adjuvant therapy for

most.3-6 In the APT trial, which enrolled patients with

HER2-positive node-negative cancers up to 3 cm,

adjuvant paclitaxel with trastuzumab (TH) resulted in a

3-year invasive disease-free survival (iDFS) of 98.7%,7

a 7-year iDFS of 93%, and a 7-year recurrence-free

interval (RFI) of 97.5%.8 On the basis of those results,

the St Gallen expert panel recommended TH for node-

negative, HER2-positive BC with tumors between 0.5

and 2 cm in size and TH was endorsed by the National

Comprehensive Cancer Network guidelines for stage I,

HER2-positive BC.9,10

Although less toxic than combination chemotherapy

regimens with trastuzumab, TH doeshave sideeffects,

prompting interest in better tolerated approaches that

retain high clinical ef cacy. The antibody-drug con-

jugate trastuzumab emtansine (T-DM1) has demon-

strated activity in patients with HER2-positive

metastatic BC whose cancer has progressed on a

taxaneand trastuzumab and amongpatients with early
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o
rig

in
al

rep
o
rts

Adjuvant Trastuzumab Emtansine Versus

Paclitaxel in Combination With Trastuzumab for

Stage I HER2-Positive Breast Cancer (ATEMPT): A

Randomized Clinical Trial
Sara M. Tolaney, MD, MPH1,2; Nabihah Tayob, PhD1; Chau Dang, MD3; Denise A. Yardley, MD4; Steven J. Isakoff, MD, PhD5;

Vicente Valero, MD6; Meredith Faggen, MD1; Therese Mulvey, MD5; Ron Bose, MD, PhD7; Jiani Hu, MSc1; Douglas Weckstein, MD1;

Antonio C. Wolff, MD8; Katherine Reeder-Hayes, MD, MBA, MSc9; Hope S. Rugo, MD10; Bhuvaneswari Ramaswamy, MD11;

Dan Zuckerman, MD12; Lowell Hart, MD13; Vijayakrishna K. Gadi, MD, PhD14; Michael Constantine, MD1; Kit Cheng, MD15;

Frederick Briccetti, MD1; Bryan Schneider, MD16; Audrey Merrill Garrett, MD17; Kelly Marcom, MD18; Kathy Albain, MD19;

Patricia DeFusco, MD20; Nadine Tung, MD2,21; Blair Ardman, MD22; Rita Nanda, MD23; Rachel C. Jankowitz, MD24;

Mothaffar Rimawi, MD25; Vandana Abramson, MD26; Paula R. Pohlmann, MD, PhD, MSc27; Catherine Van Poznak, MD28;

Andres Forero-Torres, MD29; Minetta Liu, MD30; Kathryn Ruddy, MD30; Yue Zheng, MSc1; Shoshana M. Rosenberg, ScD, MPH1,2;

Richard D. Gelber, PhD1,2; Lorenzo Trippa, PhD1,2; William Barry, PhD1; Michelle DeMeo, BS1; Harold Burstein, MD, PhD1,2;

Ann Partridge, MD, MPH1,2; Eric P. Winer, MD1,2; and Ian Krop, MD, PhD1,2

ab
stract

PURPOSE The ATEMPT trial was designed to determine if treatment with trastuzumab emtansine (T-DM1)

caused less toxicity than paclitaxel plus trastuzumab (TH) and yielded clinically acceptable invasive disease-free

survival (iDFS) among patients with stage I human epidermal growth factor receptor 2–positive (HER21 ) breast

cancer (BC).

METHODSPatients with stage I centrally con rmed HER21 BCwere randomly assigned 3:1 to T-DM1 or TH and

received T-DM1 3.6 mg/kg IVevery 3 weeks for 17 cycles or T 80 mg/m2 IVwith H once every week 3 12 weeks

(4 mg/kg load →2 mg/kg), followed by H 3 39 weeks (6 mg/kg once every 3 weeks). The co-primary objectives

were to compare the incidence of clinically relevant toxicities (CRTs) in patients treated with T-DM1 versus TH

and to evaluate iDFS in patients receiving T-DM1.

RESULTSThe analysis population includes all 497 patients who initiated protocol therapy (383 T-DM1 and 114

TH). CRTs were experienced by 46% of patients on T-DM1 and 47% of patients on TH (P 5 .83). The 3-year

iDFS for T-DM1 was 97.8% (95% CI, 96.3 to 99.3), which rejected the null hypothesis (P , .0001). Serially

collected patient-reported outcomes indicated that patients treated with T-DM1 had less neuropathy and al-

opecia and better work productivity compared with patients on TH.

CONCLUSIONAmong patients with stage I HER21 BC, one year of adjuvant T-DM1 was associated with excellent

3-year iDFS, but was not associated with fewer CRT compared with TH.
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INTRODUCTION

Approximately 15%-20% of invasive early breast

cancers (BCs) overexpress human epidermal growth

factor receptor 2 (HER2),1,2 and HER2 overexpression

is associated with higher recurrence rates compared

with HER2-negative cancers. Retrospective series of

untreated patients demonstrate that stage I HER2-

positive cancers have recurrence rates between 10%

and 30%, suf cient risk to justify adjuvant therapy for

most.3-6 In the APT trial, which enrolled patients with

HER2-positive node-negative cancers up to 3 cm,

adjuvant paclitaxel with trastuzumab (TH) resulted in a

3-year invasive disease-free survival (iDFS) of 98.7%,7

a 7-year iDFS of 93%, and a 7-year recurrence-free

interval (RFI) of 97.5%.8 On the basis of those results,

the St Gallen expert panel recommended TH for node-

negative, HER2-positive BC with tumors between 0.5

and 2 cm in size and TH was endorsed by the National

Comprehensive Cancer Network guidelines for stage I,

HER2-positive BC.9,10

Although less toxic than combination chemotherapy

regimens with trastuzumab, TH doeshave sideeffects,

prompting interest in better tolerated approaches that

retain high clinical ef cacy. The antibody-drug con-

jugate trastuzumab emtansine (T-DM1) has demon-

strated activity in patients with HER2-positive

metastatic BC whose cancer has progressed on a

taxaneand trastuzumab and amongpatients with early
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HER2 + stage I-III Breast Cancer
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Bueno-Muiño C, JAMA Oncol 2023



HER2 + stage I-III Breast Cancer

Neoadjuvant 
Treatment

Who needs neoadjuvant pertuzumab?

Bueno-Muiño C, JAMA Oncol 2023; Waks A, ESMO breast 2023

P + T + 

Taxane

HER2DX 

pCR high

• Combined analysis of 4 neoadjuvant cohorts
(CALGB 40601, ISPY-2, DAPHNe, GOM-HGUGM-2018-05)

• n=568 patients
• pCR rates +/- dual blockade (44.8% vs 58.3%)
• HER2DX-pCR-high benefits from dual HER2 blockade (OR 4,10 

p< 0.001)



Who needs neoadjuvant poly-CT?

HER2 + stage I-III Breast Cancer

Neoadjuvant 
Treatment

P + T + 

Taxane

HER2DX 

pCR high

T + Poly-CT

HER2DX 

pCR medium

Waks et al. ESMO Breast 2023

• Combined analysis of 4 neoadjuvant cohorts
(CALGB 40601, ISPY-2, DAPHNe, GOM-HGUGM-2018-05)

• n=568 patients
• Poly-CT (n=282; 49.6%) Single taxane (n=286; 50.4%
• pCR rates poly-CT  single taxane (59.8% vs 56.6%)
• HER2DX-pCR-medium benefits from multi-agent CT
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HER2 + stage I-III Breast Cancer

P + T + Poly-CT

Neoadjuvant 
Treatment

Non pCR

T-DM1

Neratinib

(HR+) 

• Validation cohort with more median follow-up (73.2 
months)

• N=148 pts did not achieve a pCR

• The HER2DX low-risk group had longer DFS than high-
risk (7-year 94.6%vs. 77.5%; HR=0.40, p=0.002). 
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months)

• N=148 pts did not achieve a pCR
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• Definition of risk is critical in clinical decission & in the success of

escalation and de-escalation clinical trials

Standard 
Clinical & 

Pathological
features

Response to 
neoadjuvant
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Neoadjuvant CT Surgery Post Surgery Follow-up

Adjuvant CTSurgery Post Surgery Follow-up

Mutation tracking in HER2 + BC

• Prospective, multicenter, sample collection, validation
study conducted at 5 UK medical centers (2011-2016)

• N=170 eBC with NACT→surgery OR surgery→adjuvant CT
• Personalized digital (dPCR)  assays designed to track

individual somatic muts in  plasma samples
• 165 muts identified: 78 pts (77.2%) with 1 mut and 23 pts

(22.8%) with multiple muts (median allele frequency of 
26%)

• Validated personalized dPCR assays developed for 150 
muts (90.9%) from 101 pts

ctDNA in risk stratification

Garcia Murillas I. JAMA Oncol 2019



• Strategies to escalate or de-escalate treatment in HER2-positive early-stage BC 
should consider other biomarkers, beyond HER2 and HR-status, including
molecular intrinsic subtype, immune infiltration, levels of HER2

• Clinicopathologic features & pathologic response are the main factors to stratify
patients on the basis of their risk of recurrence and guide us in making treatment
recommendations

• Biologic heterogeneity within HER2-positive disease modulates treatment
response and prognosis

Conclusions

• HER2DX integrates this information and could be useful to select (neo)adjuvant
treatment. However, clinical utility should be confirmed in randomized clinical
trials. 
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