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Emerging biomarkers regarding breast cancer molecular subtypes

breast cancer & molecular subtypes & biomarkers 

Description of a new molecular biomarker in breast cancer : Which is its real clinical implication?
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Low risk

Hihg risk

Who to try?

Prognostic test

What treatment?

Predictive test

Drug selection

How much dosage?

Pharmacological test

Dosage

Toxicity

Change in the paradigm of neoplasias study with a molecular screening 
Identification of molecular alterations: Transformation and/or progression driver
Study of molecular changes at different levels: DNA, RNA and protein 
Advances in the knowledge of therapeutic and prognostic value of identified biomarker (useful and reliable)
Validation: Targeted clinical trials



Molecular Taxonomy of Breast Cancer regarding to its genetic
profile

Past
Today

Perou C, et al. Nature 2000

Curtis C , et al. Nature 2013

Molecular subtype: clinical application

Whole genomic/genetic study (n>2,000)



Advances in the molecular biology of breast cancer

Godone et al. Biomedicine & Pharmacotherapy (2018) 106: 14–34
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“Next generation sequencing“ can be used for the cancer genetic 
diagnosis into the clinical practice



Example: breast cancer and its molecular alterations

<500ng 

“Classical study”

National comprehensive cancer network guidelines

“new age”

DNA extraction

RRHH/HER2 expression
BRCA mutations

PI3KCA/mTOR mutations
Rearrangements…..

Cada amplificación: 100ng DNA

+

At least 15 analyses
More than one gene cannot be reported due 
to DNA insufficient, > Analysis time

Gen Gen Gen Gen

AKT1 ERBB2 KRAS PTEN

ALK ERBB4 MAP2K1 SMAD4

BRAF FBXW7 MET STK11

CTNNB1 FGFR1 NOTCH1 TP53

DDR2 FGFR2 NRAS

EGFR FGFR3 PIK3CA

Simultaneous amplification of  thunders genes 

Detection Threshold

: >10% : >3-4%



Platform* Focus Menopausia ER+ ER- LN status

Blue PRINT Prognosis Pre ⩗(+/-) ⩗ +/-

Breast Cancer 
index

Prognosis >Post ⩗ +/-

Prognosis and Predictive Post ⩗ -

Endopredit Prognostic Pre ⩗ ⩗ +/-

Mammaprint
Prognostic Pre/Post ⩗ ⩗ +/-

Predictive Pre/Post ⩗ ⩗ +/-

Oncotype

Prognostic Pre/Post ⩗ +/-

Prognostic/Predictive Post ⩗ +

Predictive Pre/Post ⩗ -

PAM50
Prognostic Post ⩗ +/-

Predictive Pre/Post ⩗ ⩗ +/-

Overview of “some” molecular prognostic/predictive platforms in 
breast cancer: 

* Summary of different validation study focused on indicated molecular platforms

Modified from Shimizu et al. EBioMedicine. 2019, 46



Some limitations of multigene panels
The multigene panels represent a conceptual advance over arbitrary groupings based on traditional clinic-pathological 
factors.

LIMITATIONS: 

- The cutoff for gene panels between studies.

- Reports from prospective clinical trials further validate the clinical utility of the RS and strongly suggest that 

adjuvant chemotherapy may be spared for patients with very low (< 10) RS results.

- It is recommended by St Gallen consensus that if multigene assays in clinical practice are used, the first thing is to 

clearly understand how high the genomic score or risk is high.

- Disparities in access to genomic diagnostic test in some area or race also make it difficult to maximum the clinical utility 
of gene panels.

- TNBC patients have limited access to these panels, once most of them are mainly restricted to HR+ status.

Xin et al. World J Oncol. 2017, 8(2)
Lara et al. Cancer. 2020, 126(4



Biomarkers in breast cancer: where are we and where are we going?

World map showing the main genes related to breast cancer in each continent. 
Larger circle: higher number of gene reports by region
Smaller circle: lower number of gene reports by region. 

These data were generated using International HapMap Project and MetaCore software.
Godone et al. Biomedicine & Pharmacotherapy (2018) 106: 14–34



Landscape of potential clinical actionability of cancer mutations in the
Project GENIE database Data from Project Genomics Evidence Neoplasia Information Exchange (GENIE)



Receptor tyrosine kinase signaling cascade and intracellular molecules
associated with targeted therapy in clinical use for breast cancer.

Godone et al. Biomedicine & Pharmacotherapy (2018) 106: 14–34



PI3K/Akt/mTOR PATHWAY:

- Hyperactivation of the PI3K pathway occurs in 70% of breast cancers
and near 30% have mutations in PIK3CA (SUBUNIT p110a).

- Gain-of-function mutations mainly located on exons 7, 9, and 20 of
p110a:

- C2 domain (binding region) of exon 7 (commonly C420R)
- Helical domain of exon 9 (commonly located in E542K,

E545K/A/D/G, and Q546E/R)
- Mutations in the kinase domain of exon 20 (commonly located

on H1047L/R/Y)

- Loss-of-function mutations in PTEN, which lead to reduced PTEN
expression and loss of PI3K/AKT inhibition, contribute to the
dysregulation of the balance between PI3K and PTEN

- Mutation in AKT1 and AKT2 activates Akt signaling in ER+/luminal BC.

cell survival & proliferation

Chan et al. Ther Adv Med Oncol. (2019) 11
Schwartzberg & Vidal CCR  (Feb 2020)

Mutations in PIK3CA have been associated with resistance to endocrine therapy, 
HER2-directed therapy, and cytotoxic therapy



- Everolimus (oral mTOR inhibitor) was approved after the randomized phase III trial
(BOLERO-2). Indicated in post-menopausal women with ER+ advanced breast cancer
that had relapsed or progressed on a nonsteroidal aromatase inhibitor. (LUMINAL)

Exemestane + everolimus: (PFS) 10.6 months vs to 4.1 months
(exemestane alone) (p < 0.0001).

- Class I PI3K inhibitor, pictilisib (GDC0941) is under evaluation, combined with
fulvestrant, for women with ER+ advanced breast cáncer. (LUMINAL)

- Buparlisib, or BKM120, evaluated in postmenopausal women with advanced HR+
breast cáncer. (LUMINAL)

- Taselisib (GDC-0032) most focused in ER+ tumors (also for TNBC but in combination with enzalutamide an AR antagonist). (LUMINAL)
(BASAL)

- Capivasertib (AZD5363), is under evaluation in a phase II trial in TNBC. (BASAL)

- Bimiralisib (PQR309), PI3K/mTOR inhibitor (phase Ib/II trial in TNBC patients). (BASAL)

- Gedatolisib (PF-05212384) and Vistusertib (AZD2014) under review in clinical trials for TNBC patients. (BASAL)
Chan et al. Ther Adv Med Oncol. (2019) 11
Schwartzberg & Vidal CCR  (Feb 2020)

PI3K/Akt/mTOR inhibitors:



DNA Damage Repair Pathways

Poly (ADP-ribose) polymerases (PARPs) inhibitors:
- In (at least) BRCA1/2 mutations context.
- PARPs involved in gene regulation, chromatin remodeling, DNA repair (triggered by errors in the replication process, production of

ROS and UV radiations) and apoptosis: Inhibition of DNA repair process may lead to cell death.
- FDA approved the treatment of metastatic TNBC and estrogen receptor negative (ER-)/HER2+ breast cancer with BRCA1/2 -

mutations.



Synthetic Lethality:
Selective effect of PARP-1 inhibition on cancer cells with BRCA1 or BRCA2 mutation

DNA DAMAGING AGENTS
Homologous

Recombination

DNA REPAIR: CELL SURVIVAL DNA REPAIR: CELL SURVIVAL NO DNA REPAIR: CELL DEATH

PARPi

Base Excision 

Repair 



Poly (ADP-ribose) polymerases (PARPs) inhibitors

Phase III OlympiAD, olaparib demonstrated an improved in PFS compared to chemotherapy in patients with HER2 metastatic BC
and germline BRCA mutation
Phase III EMBRACA, talazoparib improved PFS compared to chemotherapy in gBRCA1/2m advanced BC.
Among different clinical trials the response rates remain around 60%. Robson M et al. N. Engl. J. Med. 2019;377:523–533.

Resistance to PARPi

1. Secondary mutations in BRCA genes that restore BRCA
function and HR.

2. Somatic mutation of TP53BP1, causing partial
restoration of HR.

3. Increased PARPi efflux mediated by MDR1/P-
glycoprotein 1, preventing the drugs from acting at the
appropriate sites.



Poly (ADP-ribose) polymerases (PARPs) inhibitors….beyond BRCA mutations: BRCAness

- “Potential” role of PARPi in promoting the death of BC without mutations in BRCA1 or BRCA2.
- “Novel” therapeutic function for PARPi in a wider subgroup of breast cancer that may have defective DNA repair, e.g., mutations in

ATM, ATR, PALB2, or CHEK2.

SCORING SYSTEMS
For quantifying the competency of the homologous recombination pathway.

- Three scores:
- Homologous recombination defect large-scale transition (HRD-LST):

- Signature of BRCA1-associated genomic instability: chromosomal break between adjacent regions of at least 10 Mb,
were found to be a robust indicator of BRCA1 status (High numbers of LSTs resembling BRCA1-inactivated).

- 100% sensitivity and 90% specificity (97% accuracy).

- HRD-loss-of-heterozygosity (HRD-LOH):
- Association between homologous recombination defects and genomic patterns of loss of heterozygosity (LOH).
- Defects in BRCA1, BRCA2, and RAD51C, and LOH profiles.

- HRD-telomeric allelic imbalance (HRD-TAI)
- The number of sub-chromosomal regions with allelic imbalance extending to the telomere (NtAI).
- tAI is a marker of platinum sensitivity (higher NtAI forecast better initial response).

Reviewed in Tung & Garber Br J Cancer (2018) 119  



Cyclins and CDKs

Cyclin D1 and cyclin E overexpression, decreased expression of
CDKI p27Kip1 in human breast cancer.

- CDKi (Palbociclib, ribociclib, and abemaciclib) are highly
selective reversible inhibitors of CDK4 and CDK6 all orally
active.

- Approved by FDA for ER+ and HER2+ advanced breast
cancer. (LUMINAL) (HER2) in combination with specific
endocrine therapies.

- Able to overcome or delay resistance to endocrine therapy.

- The inhibition of CDK4/6 could stimulate the production of
type III interferons, also promoting cytotoxic T-cell-mediated
clearance of tumor cells.

Spring et al Curr Oncol Rep. (2019) 21 



Palbociclib, ribociclib, and abemaciclib (CDK4/6 inhibitors)
- Improved PFS when added to endocrine therapy as first-line or subsequent

therapies, being incorporated in clinical practice as standard treatment.
(LUMINAL)

CDK inhibitors

Palbociclib + Letrozol

PFS 24.8 vs. 14.5

Ribociclib + letrozole

PFS 25.3 vs 16

Spring et al Curr Oncol Rep. (2019) 21 



Current clinical trials in breast cancer

MET inhibitors

MET is overexpressed in at least 20–30% of BC (all breast cancer subtypes)
associated with worse survival.

It is also preferential, but not exclusive, expressed in the basal-like
subgroup, mostly represented by TNBC.

Deregulation of MET receptor also plays a critical role in the development of
acquired resistance to targeted agents, mainly HER2 family inhibitors,
suggesting that HER2/EGFR and MET could have a synergistic effect in
promoting tumor growth and aggressiveness.

MET seems a potential therapeutic target in TNBC; and the combined
therapy targeting both MET and EGFR could give benefits for basal-like and
TNBC patients. (BASAL)

So far, clinical trials targeting MET in metastatic patients have showed no
clear effect (high toxicity).

Mills et al. Clin Breast Cancer. 2019 Dec; 15(6):473-481.e3.



Androgen Receptor inhibitors

AR is a steroid-hormone activated transcription factor belonging to the nuclear
receptor superfamily, a group that also includes the ER and PR.

The AR binds mainly to androgens, is translocated to the nucleus, and stimulates
transcription of androgen-responsive genes.

AR pathway shows a cross-talk with PI3K/Akt/mTOR and MAPK signalling
pathways. The majority of ER+ tumors express the AR, as well as a moderate
number of HER2+ tumors and nearly one-third of TNBC.

AR expression seems associated with:
- Better outcomes in ER+ early-stage disease.
- No effect or association with poorer survival in HER2.
- In TNBC, the luminal AR subgroup showed the highest overall survival rate despite having the lowest rate of complete pathological

response to neoadjuvant chemotherapy .

Bicalutamide and enzalutamide, non-steroidal peripherally selective anti-androgens that, bind AR, have demonstrated
activity in patients with metastatic TNBC. (BASAL)

Current clinical trials in breast cancer

Mills et al. Clin Breast Cancer. 2019 Dec; 15(6)



Immunotherapy and cancer vaccines

Current clinical trials in breast cancer

Tumor infiltrating lymphocytes (TILs) are more abundant in TNBC and HER2 than in 
ER+ tumors. The amount composition of TILs might associate with prognosis 
depending on the molecular subtype of breast cancer.

Goal of immunotherapy: to restore the ability of immune system to detect and
eliminate tumor cells.

Immunocheckpoints inhibitors (antiPD1, antiPDL1, CTL4)
Multiple clinical trials (PD-1/PD-L1 inhibition in breast cancer remains
controversial and needs further analysis).

Therapeutic cancer vaccines. Enhance antitumor immune response to tumor derived-
antigens: HER2 peptides (Neuuvas, E75, GP2 AE37), Mucin-1, MAM-A…

Phase II clinical trial in TNBC (NCT02593227): vaccine strategy uses GM-CSF as
adjuvant and targets the Folate Receptor Alpha (FRα), which shows high
expression in 86% of TNBCs. (BASAL)

Ayoub et al Breast Cancer-Targets & Therapy 2019



Two may be better than one: PD-1/PD-L1 blockade combination approaches in
metastatic breast cancer

Page et al. Breast Cancer (2019) 5:34 

anti-PD-1 or anti-PD-L1 are associated with modest response rates as monotherapy in metastatic breast cancer but are
generally well tolerated and capable of generating dramatic and durable benefit in a minority of patients.

anti-PD-1/L1 antibodies are also safe when administered in combination with a variety of systemic therapies
(chemotherapy, targeted therapies), as well as with radiotherapy.



Immunotherapy for Breast Cancer: What Are We Missing?

Tumor-infiltrating lymphocytes (TILs) are found most extensively in TNBC compared with other tumor subtypes.

TILs in TNBC and HER2+ breast cancer seem to be related to overall survival.

The predictive value of TILs in estrogen receptor (ER)–positive breast tumors is less clear.

Modified from Ayoub et al Breast Cancer-Targets & Therapy 2019



WHY?
The burden ofnonsynonymous DNA mutations in breast cancer is relatively low compared with other tumor types.

The nonsynonymous mutational burden of cancer is important because it relates to a major molecular basis of
antitumor T-cell reactivity.

Tumor cell expression of PD-L1 in breast cancer is modest and variable.

For TNBC and ER+ tumors only 20% of samples exhibit more than 1%
of tumor cells expressing PD-L1.

Most of breast cancers exhibit relatively low T-cell infiltration
are known as immunologically “cold”.

Vonderheide, et al. Clin Cancer Res. 2017; 23: 2640–2646. 

Immunotherapy for Breast Cancer: What Are We Missing?



where we are?

Vernieri et al. Critical Reviews in Oncology/Hematology (2019) 139



Messages for taking home

Several guidelines emphasize that the prognostic utility of molecular platforms must be interpreted taking into account
clinicopathological characteristics of the tumor.

Most molecular tests, as well as targeted therapy, have shown high efficacy and efficiency in luminal tumors. It is
necessary to decipher new molecular strategies to correctly classify TNBC.

There are several (hundreds) biomarkers associated with some clinical feature in breast cancer: Selection of those
biomarkers that have a real clinical impact.

Breast cancer is not a "typical" immune response tumor: New strategies should be explored to apply immunotherapy
in this tumor subtype.



12 short and medium-term clinical research needs in breast cancer deemed as priorities in 2019 by a panel of experts

1. De-escalate breast cancer therapies in early breast cancer without sacrificing outcomes.

2. Explore optimal adjuvant treatment durations.

3. Develop better tools and strategies to identify patients with genetic predisposition.

4. Improve care in young patients with breast cancer.

5. Speed up drug development in biomarker-defined populations.

6. Identify and validate targets that mediate resistance to chemotherapy, endocrine therapy and anti-HER2 therapies.

7. Evaluate the efficacy of local-regional treatments for metastatic disease.

8. Better define the optimal sequence of treatments in the metastatic setting.

9. Test the clinical impact of intra-patient heterogeneity (intra-tumor, inter-tumor and inter-lesion heterogeneity).

10. Better understand the biology and identify new targets in triple-negative cancer.

11. Understand immune surveillance in breast cancer and develop immunotherapies.

12. Increase survivorship research efforts including supportive care and quality of life.

Cardoso F et al. Ann Oncol. 2019 Nov 9.

Research needs in breast cancer




