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Changing Portraits of Breast Cancer 
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Background 
• Results of our translational 

research in the last decade, have 
revolutionized our understanding 
of breast cancer as a 
heterogeneous disease:  

• Genomics and transcriptomics 
have been helping to narrow down 
the number of candidate 
oncogenes -“One-size-fits-all” 
approach becomes less relevant  

 

 



Genomic Medicine for Breast Cancer Patients 
(beyond ER, PR, HER2, and chemotherapy) 

Ellis and Perou, Cancer Discovery, 2013 (PMID 23319768) 



Development of Genomic Signatures… 

• Discovery 

• NGS, RNA seq, proteomics 

• Analytical validation 

• Training sets and validation sets  

• Clinical Validation 

• Prognostic & Predictive value 

• Retrospective vs Prospective L-T FU 

• Compared with old therapies 

• Clinical Utility 

 

 



Best practices for translational omics studies Institute of 
Medicine (www.iom.edu/translationalomics ) 



Normal Breast 

Basal-like Luminal A and B 

Claudin-low 

HER2-enriched Intrinsic Subtypes 
Perou et al., Nature 2000 

Sorlie et al., PNAS 2001 

Sorlie et al., PNAS 2003 

Nielsen et al., CCR 2004 

Cheang et al., CCR 2008 

Parker et al., JCO, Feb 2009 

Cheang et al., JNCI 2009 

Prat et al., BCR 2010 

Nielsen et al., CCR 2010 

Cheang et al., CCR 2012 

Relapse-free survival 

LUMINAL 

HER2 

BASAL 

PROLIFERATION 



Diverse mutations of breast 
cancer subtypes 

TCGA Nature 2012 



Prognostic Marker 

– valuable if provides extra information beyond that 
provided by clinicopathological features 

 

• A prognostic marker 

– associated with clinical outcome irrespective of treatment 
given 

• tumour size, tumour grade, no. of positive lymph nodes 

Sparano JA et al. Sur Oncol Clin N Am. 2010;19:581-606 



Predictive Marker 

Sparano JA et al. Sur Oncol Clin N Am. 2010;19:581-606 

– Predicts clinical benefit from a specific therapy 

• ER – endocrine therapy 

• HER2/neu over-expression –anti-HER2 directed 
therapies 

– KRAS mutation for EGFR therapy 

– Pathological complete response (pCR) to predict 
long-term survival – FDA program 

– Some predictive markers also prognostic 





FDA Definition of “Biomarker” 
• A characteristic that is objectively measured and 

evaluated as an indicator of normal biologic 
processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention 

 Use of biomarkers 
• Diagnosis 
• Tool for staging disease  
• Indicator of disease status 
• Predict and/or monitor clinical response to an 

intervention 
 



Overview of gene expression analysis of 

human breast tumors  

Examples: 

1. OncotypeDx® recurrence 

score (Paik et al. N Engl J Med 

2004) 

2. MammaPrint® (Van’t Veer et al. 

Nature 2002; 415:530-536) 

Intrinsic subtypes classifier 
(Perou et al. Nature 2000; 406:747-

752; Sorlie et al. PNAS 2001; 

98:10869-10874) 

Carey L, Cheang M and Perou C. Chapter 29 “Genomics, 

Prognosis and Therapeutic Interventions” of Diseases of 

the Breast, 5th edition, In Press  Courtesy of Maggie Cheang 



Various Genomic Platforms 
1)Immunohistochemical staining (IHC4) 

2)Molecular Classification 

3)Genomic Expression Profiligng Prognostic platform 

4) Genomic Expression Profiling Immunomodulatory 

5) Targeted sequencing 

6) Whole exome (genome) sequencing 

7) Big Data 

 -The Cancer Genome Atlas (TCGA) 

  Gene expression, Exome Sequencing,  DNA copy number,  

                          miRNA expression, DNA methylation etc.  

        -Molecular Taxonomy of Breast Cancer  

         International Consortium (METABRIC)       

  
Cuzick et al. J Clin Oncol 2011 



A Multi-gene Assay to Predict Recurrence of Tamoxifen-Treated  

Node-Negative Breast Cancer. 

Paik et al., The New England Journal of Medicine, 351:2817-26 (2004) 



Courtesy of Chuck Perou & Maggie Cheang 



Relative changes in breast 
tumour size measured by 
3-dimensional ultrasound in 
BC patients receiving 
neoadjuvant letrozole... 

Neoadjuvant Setting… 



A 4-gene predictive model to clinical response to AI by 
2 wks is associated with clinical response 

The molecular response to 
letrozole was characterized 
and a four-gene classifier of 
clinical response 
was established (accuracy 
of 96%) on the basis of the 
level of two genes before 
treatment (one gene 
[IL6ST] was associated 
with immune signaling, 
and the other [NGFRAP1] 
was associated with 
apoptosis) and the level of 
two proliferation genes 
(ASPM, MCM4) after 2 
weeks of therapy. The 
four-gene signature was 
found to be 91% accurate 
in a blinded, completely 
independent validation 
data set of patients treated 
with anastrozole 

Turnbull et al. J Clin Oncol 33:3370-2278, 2015 

Deregulated immune and apoptotic 
responses before treatment and cell 
proliferation 
that is not reduced 2 weeks after 
initiation of treatment are functional 
characteristics of breast 
tumors that do not respond to AIs 



Pathway signatures 
connections between 
mutations and clinical 
outcomes…low risk 
PEPI score cluster with 
luminal A subtype… 

Genomic wide somatic mutations (WGA) and response to neoadj AI 

Ki-67 <= 10% 

Ki-67 >10% 

Neoadjuvant Setting… 



Ellis et al. Nature 486:353-60, 2012 

Difficult to identify the key mutation pathway in 
luminal BC– due to the inter-connectedness of the 
complicated network with too many ways to perturb a 
pathway… 



Adjuvant Setting… 

A genomic index for sensitivity to endocrine therapy (SET) 
index was defined from genes 
coexpressed with ESR1 in 437 microarray profiles from newly 
diagnosed breast cancer, unrelated to treatment or outcome. 
The association of SET index and ESR1 levels with distant 
relapse risk was evaluated from microarrays of ER-positive 
breast cancer in two cohorts who received 5 years of 
tamoxifen alone as adjuvant endocrine therapy (n  225 and 
298, respectively. 
 
The SET index of ER-related transcription predicted survival 
benefit from adjuvant endocrine therapy, not inherent 
prognosis. Prior chemotherapy seemed to enhance the 
efficacy of adjuvant endocrine therapy related to SET index 



Added Value of Precision Medicine 
 in the Genomic Era  

• “One-size” does not fit all 

• Identifying the right therapy or 
the right patient 

• Enhance clinical outcomes 

• Increase benefit : risk ratio 

• Accelerate new therapeutic 
development for breast cancer 

 



Added Value of Precision Medicine 
 in the Genomic Era  

• New targets = new biomarkers 

• Efficient development of validated 
companion diagnostic markers 
essential 

• Translational studies important to 
better understand reasons for 
success and failure, and to gain 
new insights in breast cancer 
biology that may provide new 
therapeutic opportunities 

 



Emerging Treatment Options vs Challenges… 



Cancers not limited to BC are highly 
dynamic evolutionary…  

Ongoing linear and 
branching evolution results in 
multiple simultaneous 
subclones that may 
individually be capable of 
giving rise to episodes of 
disease relapse and metastasis. 
The dynamic clonal 
architecture is shaped by 
mutation and competition 
between subclones in light of 
environmental selection 
pressures, including those that 
are exerted by cancer 
treatments. 



• From a single common disease to many rare 
diseases 
– Intratumoral heterogeneity 

• How many populations? Hierarchy? 

• Primary vs relapsed/metastatic tumour samples 

• Solid biopsy vs liquid biopsy (CTCs, plasma DNA) 

– Intertumoral heterogeneity 
• How many tumours? 

• Molecular segmentation or granularity? 

– Heterogeneity of the host 
• immunity 

Heterogeneity of Breast Cancer 



Heterogeneity of Breast Cancer 

Zardavas, Irrthum, Swanton & Picaart. Nat Rev Clin Oncol 12:381-394, 2015 



Heterogeneity of Breast Cancer 

• Tumour heterogeneity in breast cancer even 
occurs at single cell level 

Nature 512:155-160, 2014 



Change of ER/PgR & HER2 status 

• 3-28% of all metastatic lesions will either 
loose or acquire ER expression. 

• 3-25% of the patients will loose or acquire the 
HER2 overexpression or amplification. 

 

 
J Natl Cancer Inst 93: 1441-6, 2001 

Ann Oncol 13: 1036-43, 2002 

Br J Cancer 93:552-6, 2005 

Cancer 103: 1763-9, 2005 



Overcoming Endocrine Resistance:  
Mode of Action in HER2+/HR+ Breast Cancer – Cross-talk 

between the ER and HER-2 pathways… 

HER2 

EGFR 
(or other 

ErbB) 

ErbB heterodimer signalling 

Ligands 

Oestrogen  
receptor 

Aromatase 
inhibitor 

Gene transcription Nuclear genomic ER-mediated response 

Cytoplasm 

Oestrogen 

Nucleus 

Androgens 

Lapatinib 

Non-genomic ER-
mediated response 

PI3K/Akt 
MAPK 

pathway 

Lapatinib Lapatinib 

Signal  
crosstalk 

Adapted from Prat, Baselga. Nat Clin Pract Oncol 2008; 5: 531-542. 

Trastuzumab 



Further New Challenges… 

• The incidence of breast cancer is increasing 

• The breast cancer patients are living longer 

• Our research and clinical trials have proven 
success… 

• Matching science with the affordability… 
…the high expectation of the patient and the general public… 

 patient classification, and selection for specific therapies  

 



Proteomics in Clinical Trials 

“Transforming lives through research”, AACR (2014) 

Basket Trials 
-aim to test 
one drug or 
one particular 
genetic 
mutation 
across 
multiple 
organs.  
  

Umbrella 
Trials 
-seek to test a 
drug or drugs 
across 
multiple 
genetic 
mutations 
within a 
particular type 
of cancer. For 
example, the I 
SPY-2 umbrella 
trial in breast 
cancer. 
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The UK Molecular profiling of Advanced 
breast cancer to inform Therapeutic 
Choices (MATCH study) 
 Clinical Leads: Dr Nicholas Turner (Royal Marsden) &  
Dr Alistair Ring (Brighton and Sussex) 
Molecular Sequencing Lead: Dr David Gonzalez de Castro 
(Institute of Cancer Research / Royal Marsden) 
Methodology Lead: Prof Judith Bliss (ICR-CTSU) 

Proposed funders: applications under review by 
Breakthrough Breast Cancer & Cancer Research UK 
Proposed pharmaceutical partners: AstraZeneca 
 

Courtesy of Stephen Johnston 

http://cspace.icr.ac.uk/Scientific/clinicaltrials/administration/Logos/CRUK Logo for PRINTED formats.jpg
http://www.crncc.nihr.ac.uk/
http://www.breakthrough.org.uk/


Conclusion 

• We have entered the genomic era where we 
are one step forward to further enhancement 
of personalized medicine and precision 
medicine.  

• Clinical validity is demonstrated yet awaiting 
the prime time for clinical utility with 
demonstration of clinically meaningful benefit. 

• Basket trial or umbrella trial should be the -
trend with prospective L-T FU with mutational 
analysis. 



Conclusion 

• There are emerging new technologies with liquid 
biopsy (CTCs, ctDNA), leading to potential serial 
and non-invasive mutational analyses, likely to 
become available in the near future. 

• Efforts to realize the dream of personalized 
treatment for breast cancer will include drug 
development and intelligent design of clinical 
trials for increasingly small subgroup of patients 
with specific host and disease characteristics. 
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