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The intrinsic subtypes within HER2+ disease
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HER2-E subtype represents 50-60% of all HER2+ tumors
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HER2 signaling pathway in HER2+ breast cancer

Adapted from Prat et al. JNCI 2019

Proliferation

RAS

RAF

MEK

MAPK

HER2

GRB2Cytosol

Nucleus

HER2HER2HER2HER2

Proliferation

RAS

RAF

MEK

MAPK

HER2

GRB2Cytosol

Nucleus

HER2HER2HER2HER2

HER2-enrichedNon-HER2-enriched

HER2



HER2-E vs. pCR in HER2+ disease:

a systematic review and meta-analysis

N=2,857 across 16 studies

Schettini et al. Cancer Treat Rev 2020



LR-iDFS at 3 yearsPrimary endpoint

Paclitaxel

+

Trastuzumab

+

Pertuzumab

Omission of surgery in stage I

HER2+ and PAM50 HER2-E/ERBB2-high

Standard

Adjuvant

Therapy

No complete 

response
SURGERY

HER2+

PAM50 HER2-E
ERBB2high

Unifocal lesion

cT1 (≤2 cm)

cN0

12 weeks N=17

COMPLETE 

REPONSE*

*, by MRI and VACB

NO

SURGERY

ClinicalTrials.gov Identifier: NCT04578106

PIs: Dr. Pascual and Dr. Prat
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Prat et al. Lancet Oncol Nov2020

Training dataset; N=435 Evaluation dataset; N=267

• HER2DX integrates clinical, genomic and TILs to predict prognosis
• HER2DX as a continuous variable was significantly associated with DMFS/DFS
• HER2DX was not associated with pCR

HER2DX
17 variables
into 1 score

A multivariable prognostic score to guide systemic 

therapy in early-stage HER2+ breast cancer



Early changes in TILs and tumor cellularity in HER2+ BC

Nuciforo et al. Ann Oncol 2017

CelTIL score D15 
=

Tumor cellularity
+

TILs

Retrospective Analysis from PAMELA trial (n=134/151)

Lapatinib + Trastuzumab (+ ET if HR+) for 18 weeks

pCR



Chic N et al. SABCS 2020

• CelTIL as a continuous variable was significantly associated with pCR, EFS/OS

• CelTIL provides additional information beyond main clinical-pathological variables and pCR/RD

• CelTIL requires an on-treatment biopsy

CelTIL at week 2
2 variables → 1 score

CelTIL score and long-term survival outcome in 

the neoALTTO trial (trastuzumab-based arms)
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IHC, immunohistochemistry.



HER2 IHC examples

HER2+

HER2-low

HER2-

IHC, immunohistochemistry.

34-63% of HER2-negative breast cancer expresses HER2

Continuous expression of HER2

Schettini F et al. ESMO Breast 2020 (Poster #23P)

HER2-negative



The intrinsic subtypes in HER2-low and 
HER2+ breast cancer

Schettini et al. NPJ Breast 2021

HER2 1+
(N=673)

HER2 2+/ISH-neg
(N=701)

HER2+
(N=1217)



HER2 IHC examples

HER2+

HER2-low

HER2-

IHC, immunohistochemistry.

High inter-pathologist discordance rate for HER2-low disease

Continuous expression of HER2

100 HER2 IHC cases vs. 4 pathologists

Kappa scores:

HER2 0: 0.82 (almost perfect agreement)

HER2 1+: 0.67 (substantial agreement)

HER2 2+: 0.736 (substantial agreement) 

HER2 3+: 0.92 (almost perfect agreement)

Schettini et al. NPJ Breast 2021



HER2+

HER2-low

HER2-

HER2 protein
HER2 mRNA

IHC, immunohistochemistry.

Continuous expression of HER2

HER2 IHC examples



ERBB2 mRNA expression based on HR status

HR+

TNBC

>2-fold difference

P<0.0001

1/7

19/47
?

Schettini et al. NPJ Breast 2021



Continuous expression of HER2 in breast cancer

HER2+

HER2-low

HER2-

FISH, Fluorescence In Situ Hybridization; FFPE, formalin-fixed paraffin-embedded

IHC, immunohistochemistry; 

Published: 30 April 2019doi: 10.1093/jnci/djz042

HER2 IHC examples
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Bianchini G, et al. ESMO 2018.
Gavilá J, et al. BMC Med 2018

Pernas S, et al. Front Oncol 2017
Carey L, et al. JCO 2017

Residual tumors following anti-HER2-therapy are mostly Luminal A

The composition of intrinsic tumor subtypes 

after neoadjuvant anti-HER2-based treatment



BT474
(HR+/HER2+)

anti-HER2 therapy
(single or dual blockade)

PAM50 HER2-E

Brasó-Maristany et al. Nat Commun 2020
Tanioka et al. SABCS 2018

Subtype changes in 
HER2+ preclinical models 

cell death

BT474
“residual”

PAM50 Luminal A

BT474no therapy (72h)

PAM50 HER2-E



Take-home messages

• HER2-E subtype within HER2+ disease is a biomarker of anti-HER2 sensitivity, chemo-
sensitivity and endocrine-resistance.

• In terms of prognosis, HER2-E and Basal-like HER2+ tumors have a poor outcome.

• HER2DX might allow to better identify patients for de-escalation and escalation of 
systemic therapy.

• ERBB2 mRNA provides additional value beyond HER2 IHC and subtype.

• HER2-low disease is frequent but it is not reproducible and deserves attention.

• Subtype can change after neoadjuvant therapy. The clinical implications of this are 
unknown today.
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