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Breast Cancer

• 13% of all cancers diagnosed in Iran in 2020 (~17,000 cases)

• 25% of all cancers diagnosed in Canada in 2020 (~27,000 cases)

• A heterogenous disease (molecular, histological and clinical)

• The goal of breast cancer classification:

• To determine the optimal treatment plan for the patients 

• Current BC classification:

• IHC of ER, PR, and HER2

• ER+, HER2+ and TNBC subtypes



Gene Expression Profiling Tests

• PAM50 (Prosigna)

• MammaPrint

• Oncotype

• EndoPredict

• Breast Cancer Index

• GEP tests are recommended by:

• American Society of Clinical Oncology (ASCO)

• National Comprehensive Cancer Network (NCCN)

• St. Gallen International Experts Consensus

• European Society of Medical Oncology

• National Institute for Health and Care Excellence (NICE)



Oncotype



Oncotype: First Report

Paik et al., NEJM 2004

• NSABP B14 Trial

• 668 ER+/HER2- node - BC patients treated with Tamoxifen



Oncotype: First Clinical Trial

Paik et al., JCO 2006

• NSABP B20 Trial

• 651 ER+/HER2- node- BC patients randomly assigned to chemo 

and chemoendocrine therapy 



Oncotype: Intermediate RS 

Sparano et al., NEJM 2018

• TAILORx Trial

• 6711/9719 ER+/HER2- Node- BC patients with intermediate RS (16-25)

• Randomized for endocrine or chemoendocrine therapy



Oncotype: Node+ patients

Kalinsky et al., NEJM 2021

• RxPONDER Trial

• 5018 ER+/HER2- Node+ BC patients with low or intermediate RS (0-25)

• Randomized for endocrine or chemoendocrine therapy



PAM50 (Prosigna)



Luminal A

Her2-Enriched

Basal-Like

Luminal B

Perou et al., Nature 2000

Start of Gene Expression Profiling



Sorlie et al., PNAS 2001

Gene Expression Profiling and Outcome



PAM50: Prediction Analysis of Microarray 50

Parker et al., JCO 2009



PAM50: Risk of Recurrence Score (ROR)

Parker et al., JCO 2009

• Molecular Subtype

• Tumour Proliferation Score

• Tumour Size (=<2 or >2 cm)



PAM50: First Study

Dowsett et al., JCO 2013

• ATAC Trial

• 1017 ER+/HER2- BC patients treated with Tamoxifen/Anastrozole



PAM50: Second Study

Gnant et al., Annals of Oncology 2014

• ABCSG Trial

• 1478 ER+/HER2- BC patients treated with Tamoxifen/T+Anastrozole

HR : 6.1 (High vs Low)



PAM50: Second Study

Gnant et al., Annals of Oncology 2014

• ABCSG Trial

• 1478 ER+/HER2- BC patients treated with Tamoxifen/T+Anastrozole



PAM50: Node-Positive Patients

Gnant et al., Annals of Oncology 2015

• ABCSG and ATAC Trials

• 331 ER+/HER2- 1 Node+ BC patients with 5-year hormone therapy



PAM50: Node-Positive Patients

Gnant et al., Annals of Oncology 2015

• ABCSG and ATAC Trials

• 212 ER+/HER2- 2-3 Node+ BC patients with 5-year hormone therapy



PAM50: Danish Study

Lankholm et al., JCO 2018

• 1163 ER+/HER2- Node- BC patients with 5-year hormone therapy



PAM50: Danish Study

Lankholm et al., JCO 2018

• 1395 ER+/HER2- Node+ BC patients with 5-year hormone therapy

1 node+ 2 nodes+ 3 nodes+



PAM50: Danish Study

Lankholm et al., JCO 2018

• 1395 ER+/HER2- Node+ BC patients with 5-year hormone therapy

1 node+ 2 nodes+ 3 nodes+



PAM50 vs Oncotype



PAM50 ROR vs Oncotype RS

Dowsett et al., JCO 2013

• ATAC Trial

• 1017 ER+/HER2- BC patients with 5-year Tamoxifen/Anastrozole



PAM50 ROR vs Oncotype RS

Sestak et al., JNCI 2013

• ATAC Trial

• 1017 ER+/HER2- BC patients with 5-year Tamoxifen/Anastrozole



PAM50 ROR vs Oncotype RS

Sestak et al., JAMA Oncology 2018

• 774 ER+/HER2- BC patients with 5-year hormone therapy



PAM50 ROR vs Oncotype RS

• 100 ER+/HER2- BC patients with 5-year hormone therapy

• 29% Chemotherapy and 57% Radiotherapy

Abdelhaka et al., Can Treat and Research Com 2021



PAM50 ROR vs Oncotype RS

Abdelhaka et al., Can Treat and Research Com 2021

• 100 ER+/HER2- BC patients with 5-year hormone therapy

• 3/100 had recurrence



PAM50 ROR vs Oncotype RS

• 12 ER+/HER2- BC patients recently diagnosed

• All had Oncotype test (Genomic Health Inc.)

Sample ID Age at Diagnosis ER Status PR Status HER2 Status Tumour Size Lymph Node Status Oncotype RS Oncotype 10 years Distance Recurrence Risk PAM50 Molecular Subtype PAM50 ROR PAM50 10 years Distance Recurrence Risk

1 44 Positive Positive Negative >2cm Negative 16 4% Luminal A 25 4%

2 59 Positive Positive Negative <=2cm Micromets 11 13% Luminal B 55 24%

3 48 Positive Positive Negative >2cm Negative 7 3% Luminal B 54 11%

4 47 Positive Positive Negative <=2cm Negative 18 5% Luminal B 55 11%

5 41 Positive Positive Negative <=2cm Negative 18 5% Luminal A 28 4%

6 48 Positive Positive Negative <=2cm Negative 11 3% Luminal A 44 11%

7 63 Positive Positive Negative <=2cm Negative 20 6% Luminal A 34 4%

8 30 Positive Positive Negative >2cm Negative 41 29% Luminal B 72 22%

9 34 Positive Positive Negative >2cm Negative 22 8% Luminal A 23 4%

10 52 Positive Positive Negative <=2cm Negative 12 3% Luminal A 28 4%

11 53 Positive Positive Negative <=2cm Negative 17 5% Luminal A 26 4%

12 37 Positive Positive Negative <=2cm Negative 20 6% Luminal A 19 4%



Test Reports



Oncotype Report



Oncotype Report



PAM50 Report: Node-Negative



PAM50 Report: Node-Positive



Molecular Subtypes 
Implications



Discordance of HER2+ and HER2-Enriched Subtypes

Based on 1,237 HER2+ patients

E



Discordance of ER+ and Luminal Subtypes

Based on 4,402 ER+ patients

E



Discordance of TNBC and Basal-Like Subtypes

Based on 3,931 TNBC patients



pCR in Molecular Subtypes of ER+ Patients

• 474 ER+ patients

• pCR rate after neoadjuvant chemotherapy

Whitworth et al., Annals of Surgical Oncology 2017



Response to Anti-HER2 among HER2-Enriched Patients

• CALGB 40601 Clinical Trial

• 305 HER2+ patients

• Neoadjuvant (Taxol, Trastuzumab, Lapatinib)

• pCR among HER2-Enriched vs nonHER2-Enriched: 70% vs 34-36%

Carey et al., JCO 2016



Response to Anti-HER2 among HER2-Enriched Patients

• NCCTG (Alliance) N9831 Clinical Trial

• 1,392 HER2+ patients

• Adjuvant chemotherapy with (908) or without (484) Trastuzumab

• 1,003 (72%) were HER2-Enriched and 97 (7%) were Basal-Like

Perez et al., JNCI 2017

Chemotherapy alone Chemotherapy with Trastuzumab



Response to Anti-Her2 in ER+/HER2-Enriched Patients

• EGF30008 clinical trial

• 568 ER+/HER2- patients were randomized on Letrozole with or without Lapatinib 

• Median progression-free survival for HER2-Enriched (6.5 m vs 2,6 m, HR : 0.24, p : 0.02)

Prat et al., JAMA Oncology 2016
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