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I) Overview of mechanisms of action of anti-HER2 agents
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Understanding mechanisms of antiHER2 resistance in a patient-oriented manner

Identify mechanisms behind patients

cured with current antiHER2

Identify mechanisms behind patients

dying despite current antiHER2

Design rational de-escalation strategies

to reduce toxicities and cost

Design rational strategies towards curation



Emerging Treatments for HER2+ Breast Cancer
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II)     Exploiting resistance related to HER2 downstream signaling





Frontiers in Oncology 2019





Shift to Luminal A sensitizes cells to anti-CDK4/6 treatment







SoC:
4-6 cycles taxane 

(docetaxel, paclitaxel, or 
nab-paclitaxel)a + 

trastuzumab + pertuzumab

Alpelisibb + 
trastuzumab + pertuzumab

S R
1:1

Screening
[Days −21-1]

Randomization
n = 518

Molecular screening period

Alpelisib-matching placebob + 
trastuzumab + pertuzumab

Stratification Factors

• Response after induction treatment 
([CR or PR] vs [SD or Non-CR/Non-PDc])

• HR status (positive vs negative)
• Presence of lung and/or liver metastasis (yes 

vs no)

Endpoints
• Primary: PFS per local investigator 

assessment according to RECIST 1.1
• Key secondary: OS
• Secondary: Safety and tolerability, 

exposure, ORR, CBR, DOR, TTR, deterioration 
of ECOG performance status
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III)     p95HER2 fragment: where are we going?



p95HER2 fragment: where are we going?

p95HER2 fragment relates to worse outcome

in HER2+ breast cancer patients

Saez et al Clin Cancer Res 2006





p95HER2 fragment: where are we going?

Scaltriti et al JNCI 2007



p95HER2 fragment: where are we going?

Rius Ruiz et al. Science Transl Med 2018

p95HER2 is a selective and promising target

for redirecting T lymphocytes to the tumor (Arribas J.)
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IV) Innate and adaptive (HLA) immunity and response to anti-HER2 MAbs



Superior improvement of OS vs PFS in Cleopatra hard to explain Immune-mediated effects?



Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs



Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs



In vivo antitumor effect of trastuzumab: Role of antibody dependent cellular cytotoxicity

Clynes et al. Nature Medicine 6;443, 2000

NK cell efector K
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Tumor infiltrating lymphocytes (TILs) and Natural Killer Cells in HER2 positive breast cancer
predict pCR to neoadjuvant anti-HER2 based therapy

Muntasell et al. Clin Cancer Res 2019

Natural Killer Cells



Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs

Natural Killer Cell number independently predicted pCR

Muntasell et al. Clin Cancer Res 2019





Inverse relationship between CD57 NK Cells (a highly differentiated NK subpopulation) in Blood and Tumor Infiltrating NK Cells

Low Peripheral CD57 NK Cells and High Tumor Infiltrating NK Cells Predict pCR





Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs

Plans for translating to patients

Move to early stage patients with cold tumors
Proposal under review

VHIO, Hospital del Mar, Pamplona

1. Could allogenic NK infusion + anti-HER2 MAbs
be effective in HER2 resistant metastatic
breast cancer? 

2. Validation of the predictive value of NKs
in clinical trials (transcriptomic signature of NK
enriched tumors)





Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs

• AntiHER2 MAbs may also mediate adaptive immunity

• HLA class I (MHC) is necessary for antigen presentation
to cytotoxic T lymphocytes

• Several studies support an important role for HLA class I
in the response to various anticancer strategies
(Chowell, Science 2018; De Groot BCRT 2018)



Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs

v

• HLA-I High: Excellent DFS regardless of achieving
or not pCR

• HLA-I Negative/Low/Normal: Numerically (not statistically) 
more relapses in non-pCR patients

HLA-I expression was unrelated to Natural Killer Cells and pCR but: 

Muntasell et al. Clin Cancer Res 2019



Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs

High-risk ER-negative/HER2-positive patients with high MHC1 metagene have a low risk of relapse

Bianchini G, et al. AACR 2016.
* Excluding PERJETA/Herceptin combination.
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Innate and adaptive (HLA) immunity and response to anti-HER2 Mabs
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V)        Role of fibroblasts



Role of fibroblasts

Macrophages

Th2-CD4-T cells, T-reg, B-
cells
CD8 T-cells, NK-cells

Neutrophils

Mast cells

Platelets

SMA+ myofibroblasts & 
MSCs
Activated tissue
Fibroblasts
Activated adipocytes

Endothelial cells

Pericytes

Adapted from Hanahan et al. 2012
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Role of fibroblasts

(Guardia, Rovira, et al, manuscript in preparation)

Media from fibroblasts expressing more heregulin, a HER3 ligand, mediated trastuzumab and paclitaxel resistance
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• Pertuzumab reverts resistance

May be we should look at fibroblasts to understand
what patients benefit the most from dual blockade

• Fibroblasts may mediate immune exclusion



Role of fibroblasts

May FAP-IL2v recruit NK cells
in cold tumors?
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VI)         Dissecting resistance to T-DM1



T-DM1

Monoclonal antibody:
trastuzumab

Target expression: HER2

Highly potent chemotherapy
(DM1, a tubulin destabiliser)

Cytotoxic drug: DM1

Systemically stable

Linker



Trastuzumab-emtansine (T-DM1): Mechanisms of action



Dissecting resistance to T-DM1

Baselga et al. Clin Cancer Res 2016

PIK3CA status unrelated to T-DM1 PFS



Dissecting resistance to T-DM1

Sabbaghi et al. Clin Cancer Res 2017

Generation of T-DM1 resistant (TDR) HER2+ breast cancer cells



Dissecting resistance to T-DM1

Sabbaghi et al. Clin Cancer Res 2017

The magnitude of T-DM1 internalization and intracellular pattern were similar in parental and resistant cells
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Dissecting resistance to T-DM1

Sabbaghi et al. Clin Cancer Res 2017

Cells with acquired resistance to T-DM1 
do not undergo G2-M arrest

Cyclin B/CDK1 mediates G2M transition



Dissecting resistance to T-DM1

Sabbaghi et al. Clin Cancer Res 2017

Depleting Cyclin B1 causes
T-DM1 resistance in parental cells

Overexpressing Cyclin B1 reduces
T-DM1 resistance in TDR cells

Cyclin B1 deficiency mediates T-DM1 resistance



Dissecting resistance to T-DM1

Sabbaghi et al. Clin Cancer Res 2017

In freshly cultured HER2+ breast cancer patient tumors, induction of cyclin B1 by T-DM1
correlates with apoptosis



Dissecting resistance to T-DM1

Study Population and Design

Advanced HER2+ BC patients  planned to be 
treated with Kadcyla within the approved 

indication in Spain 

(N=50; 
24 months of recruitment)

Samples required for Foundation tests : 

- F-One: 10 FFPE tumor (primary/metastases) slides sent  to Foundation Medicine Lab on 
batches, e.g. every 5-6 months. 

- F-ACT : 2 whole blood samples collected at baseline and at progression (prior to initiate a 
new therapy). If a patient ends Kadcyla treatment due to a reason different to progression  
(e.g. toxicity), two additional samples should be collected at end of Kadcyla.



Dissecting resistance to T-DM1

• Diverse targetable mechanisms

- KPL4 T-DM1 resistant: Decreased HER2 and upregulation of MDR1

- BT-474 T-DM1 resistant: PTEN deficiency

Li et al. Mol Cancer Res 2018







Take home messages

1. HER2 positive breast cancer is a complex
ecological system where any member may play a 
role in resistance

2. Intrinsic subtypes have distinct biological
properties that may be the basis for rational
combinations of anti-HER2 plus biologicals.

3. Trials to overcome biological resistance with
the combination of anti-HER2 plus Akti, PI3Ki and 
CDK4/6i  underway.

4. A defective immune system may limit the activity
of anti-HER2 MAbs and ways to restore/enhance it
under study (i.e. margetuximab).

5. Antibody-drug conjugates overcome some limits
of the MAbs but still face mechanisms of 
chemotherapy resistance. Novel ADCs are highly
potent and without cross-resistance.

6. Understanding resistance mechanisms and their
interplay to anti-HER2 therapy paves the way for
the rational design of novel therapeutic strategies.



Thank you




