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Summary
• Breast cancer molecular classification

– ‘Intrinsic’ molecular subtypes
– Methods for classification
– Robustness

• Prognostic signatures
– Promises
– Challenges

– Additional information provided



Breast cancer patient therapy‘Individualised’ breast cancer patient therapy

ER, PR and HER2

Breast Cancer Patient Management
Size
Grade
Type
Lymph Node 
metastasis
Vascular Invasion

HER2HER2



Breast cancer molecular 
classification



Breast cancer is heterogeneous

ER+veER-ve



Molecular Subtypes

Hu et al. BMC Genomics 2006;7:96



Breast cancer prognosis: 
different subtypes different biological processes

All cancers ER-/ HER2- HER2+ ER+/ HER2-

Proliferation
Invasion
Angiogenesis
Immune
Apoptosis

Desmedt et al., Clin Cancer Res 2008





Basal-like
HER2

Normal
Breast Luminal B

Luminal A

Hierarchical clustering
‘Intrinsic Gene’ list

- Large number of samples

- Retrospective assignment

Identification of the ‘intrinsic subtypes’
Centroids

Single sample predictors

- Centroid: mean expression profile
for each of the five subtypes

- Classification of individual samples
- Prospective assignment



‘Intrinsic’ genes
Single sample 

predictor genes

496

456

534 500

1300 306

1906 50

Perou CM et al, Nature 2000

Sørlie T et al, PNAS 2001

Sørlie T et al, PNAS 2003

Parker JS et al, J Clin Oncol 2009

Hu Z et al, BMC Genomics 2006

Molecular subtype evolution



• 3 publicly available datasets 
– NKI-295 dataset (n=295)
– Wang dataset (n=286)
– TransBig dataset (n=198)

• 5 intrinsic gene lists
– Perou et al, 2000
– Sorlie et al, 2001
– Sorlie et al, 2003
– Hu et al, 2006
– Parker et al, 2009

• 5 observers

Design

Mackay et al, JNCI 2011



1. Inter-observer agreement (%)

2. Free-marginal Kappa scores

• for the whole classification

• for each molecular subtype separately

Kappa scores

Slight: 0.01-0.20

Fair: 0.21-0.40

Moderate: 0.41-0.60

Substantial: 0.61-0.80

Almost perfect: 0.81-0.99

Design

Mackay et al, JNCI 2011



Molecular Subtype Assignment Based 
on Dendrogram Analysis is Subjective 

Mackay et al, JNCI 2011



Overall Agreement
NKI-295 dataset

Overall Agreement (%) Free-marginal Kappa 
Perou 2000 70.8 0.635 
Sorlie 2001 62.4 0.561 
Sorlie 2003 68.7 0.624 
Hu 2006 78.9 0.754 
Parker 2009 75.7 0.708 

TransBig dataset

Perou 2000 76.1 0.701 
Sorlie 2001 64.1 0.582 
Sorlie 2003 65.2 0.582 
Hu 2006 78.4 0.748 
Parker 2009 56.2 0.475 

Wang dataset

Perou 2000 73.8 0.672 
Sorlie 2001 51.5 0.435 
Sorlie 2003 65.1 0.581 
Hu 2006 59.4 0.526 
Parker 2009 70.5 0.646 

None of the classification systems tested produced almost perfect agreement 

between observers (i.e. free-marginal Kappa scores � 0.81).



Agreement for each Molecular Subtype

Mackay A et al. JNCI 2011

Perou 2000

NKI-295 TransBig Wang

OA (%) F-M Kappa OA (%) F-M Kappa OA (%) F-M Kappa
Basal-like 97.7 0.954 97.6 0.952 98.7 0.975 
Luminal 74.3 0.486 80.6 0.612 80.1 0.601 
HER2 100 1.000 99 0.980 100 1.000 
Normal 83.9 0.679 80 0.600 83.5 0.670 
UC 85.6 0.713 94.9 0.899 85.2 0.705 

Sorlie 2001

Basal-like 99.6 0.992 96.6 0.931 100 1.000 
Luminal A 91.1 0.821 95.4 0.907 78.3 0.566 
Luminal B 77.5 0.550 73.6 0.473 71.7 0.434 
Luminal C 83.1 0.661 84.2 0.685 86.6 0.733 
HER2 100 1.000 99 0.980 92.4 0.849 
Normal 79.3 0.586 85.6 0.711 83.5 0.670 
UC 94.3 0.886 93.9 0.879 90.5 0.810 

Parker 2009

Basal-like 100 1.000 99.8 0.996 96.8 0.936 
Luminal A 82.1 0.642 74.7 0.495 83.6 0.671 
Luminal B 91.5 0.831 68.4 0.368 94.1 0.883 
HER2 100 1.000 99.4 0.988 96.9 0.937 
Normal 87.3 0.745 82.8 0.657 84 0.680 
UC 90.4 0.809 87.3 0.745 85.7 0.715 
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Molecular subtype evolution



Do different SSPs classify the 
same patients into the molecular 

subtypes consistently?



Agreement between different SSPs performed by 
Sorlie and Perou

Kappa scores
Slight: 0.01-0.20
Fair: 0.21-0.40
Moderate: 0.41-0.60
Substantial: 0.61-0.80
Almost perfect: 0.81-0.99

NKI-295 cohort

Sorlie’s SSP
Chang et al

(Sorlie’s group)

Hu’s SSP
Fan et al

(Perou’s group)

Agreement: moderate
Kappa score: 0.527 (95% CI 0.456-0.597)



How robust and reproducible SSPs are?
• 3 publicly available breast cancer datasets

– NKI-295 (n=295), van de Vijver et al, NEJM 2002
– Wang (n=286), Wang et al, Lancet 2005
– TransBig (n=198), Desmedt et al, Clin Canc Res 2007

• 1 ‘in-house’ dataset
– Microdissected grade III IDCs (n=53), Natrajan et al, BCRT 2009

• Assignment of molecular subtypes/ SSPs
– Sorlie et al, PNAS 2003
– Hu et al, BMC Genomics 2006
– Parker et al, J Clin Oncol 2009

• Agreement between molecular subtype assignment
– Kappa scores

• Slight: 0.01-0.20
• Fair: 0.21-0.40
• Moderate: 0.41-0.60
• Substantial: 0.61-0.80
• Almost perfect: 0.81-0.99 Weigelt et al. Lancet Oncol 2010



Different SSPs assign the same patients into different 
‘intrinsic’ subtypes

Sorlie SSP, 2003

Parker SSP, 2009

Hu SSP, 2006

- Agreement – moderate to substantial (� =0.40 - 0.79)

- Classification of each patient is dependent on the SSP

- Only basal-like form a stable group

NKI-295 dataset 
295 cases

Wang dataset
286 cases

TransBig dataset
198 cases

Sorlie SSP, 2003

Parker SSP, 2009

Hu SSP, 2006

Sorlie SSP, 2003

Parker SSP, 2009

Hu SSP, 2006

GIII IDC dataset
53 cases

Sorlie SSP, 2003

Parker SSP, 2009

Hu SSP, 2006



Outcome prediction using distinct SSPs

Weigelt et al. Lancet Oncol 2010



Outcome prediction using distinct SSPs

Weigelt et al. Lancet Oncol 2010



Definition of luminal subtypes
• No internationally accepted definition!

• Carey et al.:
– Luminal A: ER+ and/or PR+/ HER2-
– Luminal B: ER+ and/ PR+/  HER2+

• Cheang et al.:
– Luminal A: ER+ and/or PR+/ HER2-/ Ki67 <14%
– Luminal B: ER+ and/or PR+/ HER2-/ Ki67 � 14%
– Luminal/ HER2+: ER+ and/or PR+/ HER2+

• PAM50:
– qRT-PCR based method



Adapted from Supplementary Table 1, Parker et al. J Clin Oncol 2009

PAM50 predictor
N=230

Not all ER+ are luminal!
Not all ER+/ HER2+ are LumB or HER2 enriched!



Not all ‘intrinsic’ HER2 are HER2+!
Not all HER2+ are ‘intrinsic’ HER2!

RNA ‘intrinsic subtypes’ Hu et al

IHC

Basal HER2 Luminal A Luminal B Normal-like

Triple negative 44 1 1 0 2

HER2+/ER+ 2 6 10 5 3

HER2+/ER- 5 11 0 0 1

ER+/ HER2- 3 1 73 24 3



What does the molecular 
classification offer?

• Conceptual
– Heterogeneity of breast cancer

• Clinical utility
– Limited value
– Definition of luminal A vs luminal B

– HER2-enriched does not equate with HER2+
– Standardisation of definitions is required
– Only basal-like subtype is stable



Take home messages

• Robust and reproducible distinction
– Basal-like

• Identification of novel molecular subtypes

• Molecular pathways underlying molecular subtypes

• Standardisation of definitions is required



Further reading



Prognostic signatures





A signature to rule them all?





A signature to rule them all?

Fan et al. NEJM 2006; Sotiriou et al. JNCI 2006



Meta-Analysis – Gene signatures

Wirapati et al. Breast Cancer Res 2008;10:R65
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Blue dots: good prognosis
Red dots: poor prognosis



Oncotype DX
(21-gene signature)

ER+/ LN -/ Tamoxifen treated paients

Proliferation
Ki67

STK15
Survivin
CCNB1
MYBL2

HER2
GRB7
HER2

Invasion
MMP11
CTSL2

GSTM1

CD68

BAG1

Oestrogen
ER

PGR
BCL2

SCUBE2

Reference
ACTB

GAPDH
RPLPO

GUS
TFRC

Recurrence score
Low risk – RS� 18
Intermediate risk – 18>RS<31
High risk – RS� 31



Use of Oncotype Dx

• Prognostic in patients with ER+ breast cancer
– Treated with Tamoxifen

– treated with Aromatase Inhibitors
– LN- and LN+ 1-3 (?)

• Predictive of chemotherapy benefit
RS � 18 >18 and <31 � 31

Prognosis Good Intermediate Poor

Endo benefit High Undetermined Low

Chemo benefit Negligible Undetermined High



TAILORx Trial



What do prognostic signatures offer?

• ER positive disease - good discriminatory power

• Limited value for ER negative disease

• Correlate with proliferation (and grade!)
– Ki-67?



How much additional 
information is offered by 

prognostic gene signatures?



Oncotype Dx vs 
Immunohistochemical Markers

(ATAC Trial)
ER

PR

HER2

Ki67

Courtesy – Prof Mitch Dowsett

Vs OncotypeDx



Comparison of GHI-RS vs IHC4
(Average �� 2 , Bootstrap 95% CI)

Model All, TTDR

Clinical (C) 111.7
(76.7-166.8)

C + IHC4 vs C 27.1
(9.4-55.2)

C + RS vs C 25.5
(9.8-46.7)

C + IHC4 +RS
vs C +IHC4

4.1
(0.5-12.7)

Courtesy – Prof Mitch Dowsett



What do prognostic signatures offer?

• ER positive disease - good discriminatory power

• Limited value for ER negative disease

• Correlate with proliferation (and grade!)
– Ki-67?

• Limited additional info to that provided by semi-
quantitative assessment of ER, PR, HER2 and Ki67



Conclusion

• Breast cancer is a heterogeneous disease
– One size does NOT fit all!

• Distinct subtypes
– Clinical presentation
– Biological features

– Prognostic factors
– Clinical outcome
– Response to therapy



Further Reading
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Breast cancer therapy: 
different subtypes - different biological processes

Tamoxifen
AIs ?
SERD

GNRH agonists
Everolimus

Chemotherapy A?
Chemotherapy B?

Tamoxifen ?
AIs ?

SERDs
GNRH agonists

Everolimus
Chemotherapy A
Chemotherapy B

Trastuzumab
Pertuzumab

Lapatinib
Chemotherapy A
Chemotherapy B

EGFR?
KIT?

SRC inhibitors?
TRAIL inhibitors?
PARP inhibitors?
Platinum salts?

Adapted from Sorlie PNAS 2001

ER+veER-ve


