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Molecular Profiling for HR+ Early Breast Cancer

• General principles and therapeutic approach

• Mammaprint Assay (Agendia)

• Oncotype Risk Score (Exact Sciences)

• Prosigna Assay (Veracyte)

• Summary and Future Directions
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Epidemiology

Breast cancer rank (Female):

Incidence – 1st

Mortality – 2nd

American Cancer Society
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Figure 1.3

Us Death Rates, 1975-2015
Heart Disease compared to Neoplasms, by age at death

Source: US Mortality Files, National Center for Health Statistics, Centers for Disease Control and Prevention.
Rates are per 100,000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1103).
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Source: US Mortality Files, National Center for Health Statistics, Centers for Disease Control and Prevention.
Underlying rates are per 100,000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1103).
For sex-specific cancer sites, the population was limited to the population of the appropriate sex.
The APC is significantly different from zero (p<.05).*

Figure 1.6

Trends in US Death Rates
by Age Group and Primary Cancer Site

2006-2015

Ages Less Than 65 Ages 65 and Over

Annual Percent Change Annual Percent Change
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Staging

Grade ≠ Stage

Grade – pathologic assessment of tumor differentiation

Stage –

• Tumor size (T)

• Lymph node status (N)

• Distant metastatic disease (M)

• PLUS (2018): receptor status (ER, PR, HER2), genomic 
recurrence risk score, grade
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Local Therapy: Surgery, Radiation

Mastectomy = Lumpectomy + XRT

Indications for Mastectomy:

- Extent of disease v cosmetic outcome

- BRCA carrier (prophylactic bilateral)

- Inability to achieve negative margins

- Patient preference

Post-Mastectomy Radiation (PMRT):

- Positive margins (often chest wall)

- Positive lymph nodes
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Systemic Therapy: Antiestrogens

**Adjuvant antiestrogen = 50% reduction in long-term recurrence risk**

ER

E2Ovaries

Adipose - 
Aromatase

Adrenal - 
Steroid

Transcriptional Targets
Proliferation

Tamoxifen

Aromatase Inhibitors
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Systemic Therapy: Antiestrogens

Tamoxifen
Pre or Post-menopausal

Transaminitis
DVT
Secondary uterine malignancy

Aromatase Inhibitors
Post-menopausal

Myalagia
Osteopenia

• Hot Flashes
• Vaginal Dryness
• Fatigue

Key Questions:
• What is the recurrence risk for any given patient/tumor?
• Who gets benefit from chemotherapy in addition to antiestrogens?
• Who benefits from extended duration antiestrogen therapy (10y v 5y)?
• Which pre-menopausal patients should have ovarian suppression?
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The MammaPrint Index (MPI)

MammaPrint: 

70 gene recurrence 

risk panel.

4 MammaPrint Risk Categories

A colorful spiral with black background

Description automatically generated

More likely to 

recur early

Less likely to 

recur early
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BluePrint Genomic Subtypes

A colorful spiral with black background

Description automatically generated

BluePrint: 

80 gene panel exploring signaling 

pathways driving tumor growth.

80-gene molecular subtyping assay

BluePrint stratifies up to 23% of tumors 

into a different molecular subtype compared 

with IHC/FISH

Whitworth P et al Ann Surg Oncol 2022

Basal-type (ER-)

Basal-type (ER+)

HER2-type Luminal-type A

Luminal-type B
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FLEX Study: positive predictive utility of MammaPrint in predicting adjuvant chemo sensitivity

A colorful spiral with black background

Description automatically generated

Mammaprint and Adjuvant Chemotherapy early-stage breast cancer

Risk of 5-year DRFI for patients receiving ET vs 

ET+CT across the MammaPrint Index

Brufsky et al SABCS 2024
FLEX Study Real World Evidence prospective, propensity score matched study (n = 1002)



17 A colorful spiral with black background

Description automatically generated

Mammaprint and lack of adjuvant CT benefit

Distant Metastasis-Free Survival, HR+/HER2-, LN+
Clinical high risk/MammaPrint Low Risk

(2020)

(0.1%) (1.3%)

(5 yrs) (8 yrs)

First prospective, randomized data 

with 8+ years of follow-up

in 1-3 LN+ (2020)

5-year DMFS (95% CI) 8-year DMFS (95% CI)
CT 96.0 (93.1, 97.7) 91.2 (87.2, 94.0)
no CT 95.9 (93.1, 97.6) 89.9 (85.8, 92.8)

Level 1A Evidence from the MINDACT Trial show MammaPrint Low 

Risk may safely avoid chemotherapy

Distant Metastasis Free Survival (DMFS)

% at 5 years (95% CI)

ET alone: 95.1% (93.1-96.6%)

Cardoso at al ASCO 2020
Piccart et al Lancet Oncol 2021
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Age ≤50 years Age >50 years

Distant Metastasis Free Survival (DMFS)

% at 5 years (95% CI) % at 8 years (95% CI)

ACT 96.2 (92.6-98.1%) 93.6 (89.3-96.3%)

No ACT 93.6 (89.5-96.2%) 88.6 (83.5-92.3%)

Abs. diff 2.6 ± 2.1 5.0 ± 2.8  

Distant Metastasis Free Survival (DMFS)

% at 5 years (95% CI) % at 8 years (95% CI)

ACT 95.0 (92.4-96.7%) 90.2 (86.8-92.7%)

No ACT 95.8 (93.5-97.4%) 90.0 (86.6-92.6%)

Abs. diff -0.9  ± 1.4 0.2 ± 2.1 

5% difference 0.2% difference

A colorful spiral with black background

Description automatically generated

Does Age Affect Benefit of Chemotherapy in MammaPrint Low Risk?

Cardoso at al ASCO 2020
Piccart et al Lancet Oncol 2021

Mammaprint and lack of adjuvant CT benefit
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Page 1: Summary of MammaPrint + BluePrint assay results

Patient Information

Sample of a MammaPrint High 1, Luminal B summary variation

Clinical Information (from provided pathology 

report)

MammaPrint Risk Group, MammaPrint Index, 

BluePrint Molecular Subtype (if ordered)

Patient-specific MammaPrint Index 

Clinical implications derived from genomic analysis 

dependent upon nature of sample received
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Page 2: Neoadjuvant Treatment Planning 

Data (pCR by BluePrint, if ordered)

Adjuvant 

CT Planning 

Data

Sample of a MammaPrint High 1, Luminal B summary variation

Neoadjuvant 

Treatment 

Planning 

Data

Adjuvant Endocrine 

Therapy Planning Data

Page 3: Adjuvant CT & ET/EET Treatment Planning Data
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Oncotype Corresponds to Distant Recurrence

• Oncotype: 21 gene expression assay (genomic mediators of ER/PR 
expression and cellular proliferation, among others)

• Increasing rates of distance recurrence with rising oncotype score
• Valid in multivariate analysis (independent of age, tumor size)
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• Oncotype is an independent predictor of 
chemo benefit on multivariate analysis

Oncotype and Chemotherapy Benefit (retrospective)
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TAILORx: Chemotherapy impact for oncotype <25

Sparano JA et al NEJM 2018
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Oncotype is Valid in Node-Positive Post-menopausal

Kalinsky K et al NEJM 2021
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Controversy re: Oncotype in N+ PRE-menopausal

Kalinsky K et al NEJM 2021
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Prosigna Assay: extensively researched 50 genes (PAM50) 
used for determination of molecular subtypes

46 of the 50 genes used to calculate the Prosigna ROR Score

GRH signaling
ESR1
 PGR

FOXA1

Cell Cycle/p53

Ubiquitin 
proteasome

MDM2
UBE2T
UBE2C

Apoptosis

BAG1
BCL2

ǂ 
Genes that are involved in many different pathways and it was difficult to classify them into a single pathway. Data on file. 

• Single tube 
hybridization

• Digital counting

• FDA cleared for 
consistent 
performance across 
assay sites

• Robustness allows an 
approved  kit 
formulation

• Over 400 
publications using 
PAM50 in PubMed

ER Signaling
ESR1
PGR

FOXA1
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Calculated correlation to PAM50 intrinsic subtypes
Add proliferation score and tumor size

Prosigna incorporates clinical and pathological 
features for individualized risk assessment

• Gene expression data weighted with clinical variables

• Scale of 1-100 related to probability of distant recurrence

Determine intrinsic 
(molecular) subtype

Estimate 10y Risk of Distant 
Recurrence on Endocrine 
Therapy Alone: N- and N+

Adapted from Wallden et al BMC Medical Genomics 2015
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ABCSG8 trial: Prosigna assay discriminates distinct recurrence risk

Gnant M et al Ann Oncol 2014

Distribution of DRFS for all patients by Prosigna score: N = 1478 (95% CI)

• Cohort

‾ 1,047 node-negative 

‾ 431 node-positive patients

‾ Postmenopausal

• Methodology: FDA consulted, prospective 
study with a Primary endpoint of distant 
recurrence free survival (DRFS)

• Follow up: 10.8 years median follow-up

• The Prosigna Score adds prognostic 
information on DRFS
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Continuous relationship between the 10-year risk of DR 

and the Prosigna Score by number of positive nodes

Population cohort trial of Prosigna’s prognostic performance for DR at 10y

Laenkholm et al  J Clin Oncol 2018

“At 10 years, patients with any nodal status (ie, 0-3 positive nodes) and a low Prosigna score who, without 
chemotherapy, were allocated to 5 years of adjuvant endocrine treatment had a DR rate of 4.3%.”

• Population-based 
Cohort

‾ 1,163 node-negative 

‾ 1,395 node-positive 
patients

‾ Postmenopausal

• Methodology: 
Prospectively-defined 
analysis plan with 
primary endpoint of time 
to DR

• Follow up: 9.25-year 
median follow-up

Nodal 

Status

Risk 

Category

10-Year DR 

[95% CI]

P values

Any 

Difference

Difference 

from 

Intermediate

Node-

Negative

(n=1132)

High 17.8 [14.0-22.0]

<0.0001

<0.0001

Intermediate 7.3 [4.8-10.6]

Low 5.0 [2.9-8.0] 0.1543

Node-

Positive     

(1-3 

nodes)

(n=1358)

High 21.9 [18.9-25.1]

<0.0001 NA
Low 

(ROR ≤ 40)
4.8 [3.1-6.9]

DR by Prosigna Risk Group Separated by Nodal Status
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Intrinsic Subtypes:  
Methodology Matters

PAM50- and immunohistochemistry-based subtypes of breast cancer 
and their relationship with breast cancer mortality in a population-
based study (Long Island Breast Cancer Study)

Wang et al Breast Cancer 2021

Subtyping by nCounter based assay.

https://link.springer.com/journal/12282
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Patient Specimen Run Set ID: Prosigna Sample 2

Tumor Size: <= 2cm ID #: n0-l2-70-HR-LB Comments: Comment for n0-l2-70-HR-LB

Lymph Nodes: node-negative Date Reported: September 20, 2017

ID #: n0-l2-70-HR-LB Tumor Size: <= 2cm Lymph Nodes: node-negative

Assay Description: The Prosigna® breast cancer gene signature assay measures the expression of 50 different genes to

identify subtype and report a Risk of Recurrence Score (ROR), which is used to assign the patient to a predefined risk

group. These results are derived from a proprietary algorithm based on the PAM50 gene signature, intrinsic subtype, and

clinical variables including tumor size and nodal status.

* The ROR ranges from 0 through 100 and correlates with the probability of distant recurrence (DR) in the tested patient population. The risk

classification is provided to guide the interpretation of the ROR using cutoffs related to clinical outcome.

Probability of Distant Recurrence:
In the clinical validation studies, patients who were node-negative, luminal B subtype, with an

ROR score of 70 were in the high-risk group. This group averaged a 2 2% probability of distant

recurrence at 10 years.
The Prosigna® algorithm has been validated by 2 random ized clinical trials including more than 2400 patients with varying rates of distant recurrence.  An analysis 

of these 2 clinical validation studies shows that the probability of distant recurrence for the high-risk population is 22%.†

For more information, visit PROSIGNA.com or e-mail info@prosigna.com

†Data apply to patients being treated with hormone therapy for 5 years as in the tested patient population. See Package Insert for further information on therapy regimens and teste

d patient population. It is unknown whether these findings can be extended to other patient populations or treatment schedules.                © 2022 Veracyte, Inc.

Veracyte  Inc.  6000 Shoreline Court |  Suite 300 |  South San Francisco, CA 94080  |  Suite 2000  |   (+1) 650 243-6300  |  veracyte.com
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chemo. endocrine
ROR >60

Prosigna

endocrine
low score

ROR≤60

Estimated 65% of tumours 
are Prosigna low-score

ET includes OFS for 
premenopausal patients

optima@warwick.ac.uk

R

Option 1
(control) chemo. endocrine Prosigna

Main eligibility criteria
• Women or Men age ≥40

• “Adequate surgery”; ANC not mandatory

• ER-pos (>10%) HER2-neg (local lab)

• Size & nodes: one of the following 
• pN0 & pT≥30mm; pN1mi & pT≥20mm; pN1-2

• Multiple ipsilateral and “non-significant” contralateral 
tumours permitted

Main exclusion criteria
• Advanced stage – pN3/ IM node involvement

• Neoadjuvant chemotherapy

• Previous IBC; locally treated DCIS permitted

Efficacy analysis uses non-inferiority design Health economics analysis Sample size = 4,500 (+ 412 OPTIMA prelim)

follow-
up:

up to 
10 

years

OPTIMA Study Design
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Molecular Profiling for HR+ Early Breast Cancer

• Breast cancer is the most common malignancy in woman; HR+/HER2- is the 
most common subtype

• Foundational approaches to curative intent: local + systemic therapy
• Antiestrogen therapy is critical to reducing long-term local/distant 

recurrence risk

• Genomic risk assays help provide further insights and personalized care
• Prognostic: likelihood of distant relapse
• Predictive: impact of chemotherapy (in addition to antiestrogen treatment)

• Further work is important and ongoing: 
• How to optimize care for premenopausal patients with node+ disease?
• Impact of emerging assays (eg. minimum residual disease/MRD assays)?



Thank You!
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