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Characterizing IBCs to Determine Therapy 

and Optimize Clinical Outcome
Å Diagnosis = invasive breast cancer

ï Histological subtype

ï Histological grade

Å Surgical margins (esp. lumpectomy)

Å Stage = extent of disease at diagnosis

ï T = tumor size

ï N = axillary nodal metastases

ï M = distant metastases

Å Molecular markers

ï Hormone receptors (ER/PR)

ï HER2 oncogene

ï Muliti-gene signatures

ï Otheré



Characterizing IBCs to Determine Therapy 

and Optimize Clinical Outcome
Diagnosis = invasive breast cancer

Invasive breast cancer? Yes = Invasive ñDuctalòCarcinoma



Invasive breast cancer? No = Intraductal Papilloma
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Diagnosis = invasive breast cancer
Histological subtype
Histological grade

Surgical margins (esp. lumpectomy)

Stage = extent of disease at diagnosis

T = tumor size

N = axillary nodal metastases

M = distant metastases

Molecular markers

Hormone receptors (ER/PR)

HER2 oncogene

Muliti-gene signatures

Otheré
J Clin Oncol. 1999;17(5):1442-8. 

Subtype

DTubular vs. Ductal = 25%
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Copyright 1999 by American Society of Clinical Oncology. Reproduced with permission. 

Diab SG, Clark GM, Osborne CK, et al. J Clin Oncol. 1999;17(5):1442-8.
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Histopathology. 1991;19(5):403-10. 

Grade I 

Grade II 

Grade III 

Grade

DI vs. III = 45%
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Diagnosis = invasive breast cancer

Histological subtype

Histological grade

Surgical margins (esp. lumpectomy)

0.7mm

Margins and Local Recurrence DCIS
(Silverstein et al: N Engl J Med 340:1455, 1999)

p<.01

Margin 

Width

<1 mm

1-10 mm

>10 mm

RR of LR in DCIS (n=469)

S/P Lumectomy °Rad

2.54

1.49

1.14

Comprehensive

Histological

Evaluation
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Copyright 1999 by American Society of Clinical Oncology. 

Reproduced with permission. Diab SG, Clark GM, Osborne CK, et al. 

J Clin Oncol. 1999;17(5):1442-8.
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<1 cm
1-2 cm
2-5 cm

>5 cm

T Size

D<1 vs. >5 = 45%

Breast Cancer Res Treat. 1998;52(1-3):227-37. 
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Diagnosis = invasive breast cancer

Histological subtype

Histological grade

Surgical margins (esp. lumpectomy)

Stage = extent of disease at diagnosis

T = tumor size

N = axillary nodal metastases

M = distant metastases
Molecular markers

Hormone receptors (ER/PR)

HER2 oncogene

Muliti-gene signatures

Otheré

Cancer. 1991;68(10):2142-9.

Stage (Mets) 

DI vs. IV = 76%
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Allred Score (% patients)

777 pts receiving adjuvant tam

Best Cutoff Score >2 (p<0.0001)

(1-10% weakly positive cells)

8 (5.8%)

0 (14.7%)
2 (2.1%)

3 (5.1%)
4 (11.7%)

6 (17.4%)
5 (23.4%)

7 (19.8%)

ERapositive

ERanegative
ERaby IHC

Gradient of Expression

Gradient of Response

D0 vs. 8 = 50%

Harvey et al. J Clin Oncol 17:1474, 1999
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Copyright 1999 by American Society of Clinical Oncology. Reproduced with 

permission. Harvey JM, Clark GM, Osborne CK, Allred DC. J Clin Oncol. 

1999;17:1474.
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Histological subtype
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DFS 
HR = 0.48 
(p<0.0001)

NSABP B31: 
AdjuvantChemotherapy

°Trastuzumab
( N Engl J Med 353:1673, 2005)
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Copyright 2005 by Massachusetts Medical Society. Reproduced with permission. Romond EH, Perez EA, 

Bryant J, et al. N Engl J Med. 2005;353(16):1673-84.
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Histological subtype
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Stage = extent of disease at diagnosis

T = tumor size

N = axillary nodal metastases
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Hormone receptors (ER/PR)

HER2 oncogene
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Otheré

International Web-Based Consultation on Priorities

for Translational Breast Cancer Research

(420 Experts from 42 Countries)

Dowsett et al. Breast Cancer Research 9:R81, 2007

The Top 12 Priorities:

1. Molecular signatures to avoid chemotherapy           

2. Molecular signatures to optimize adjuvant therapy.

3. Understand progression of DCIS to IBC.

4. Role of stem cells in breast cancer.

5. Therapeutic targets for triple negative breast cancer.

6. Integrate knowledge to better understand BC.

7. Identify patients who do not need adjuvant Rx.

8. Identify growth factors pathways for targeted Rx.

9. Identify genes involved in metastasis.

10. Strategies to overcome resistance endocrine Rx.
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and Optimize Clinical Outcome



Å Intrinsic Molecular Subtypes (5 ï300 genes) ïNature, 2000

- Luminal A, Luminal B, Normal-Like, HER2, Basal

ÅMammaPrint (70 genes) ïNature 2002

- Good and Poor Signature

Å Oncotype DX (21 genes) ïNEJM 2004

- Low, Intermediate, High Risk

Å Genomic Grade Index (97 genes) ïJNCI 2006

- Grade 1, 2, 3

Å Molecular Grade Index (5 genes) ïClin Cancer Res 2007

- Grade 1, 2, 3 

ÅOthersé

Microarrays

qRT-PCR

ñMost Importantò Molecular Diagnostic and 

Prognostic Signature



Panel of 21 Genes and the Un-scaled 

Recurrence-Score (RSU) = + 0.47 x 

GRB7 group score ï0.34 x ER group 

score + 1.04 x proliferation group score 

+ 0.10 x invasion group score + 0.05 x 

CD68ï0.08 x GSTM1ï0.07 x BAG1

(range 0-100).

383 

cancer-related

candidate genes 

From ~40,000 genes

Gene discovery and 

mathematical optimization 

based on prognostic studies in

3 cohorts of patients.

qRT-PCR

FFPET Samples

Smart!

Empirical Formula

Oncotype DXTM



NSABP-B14

668 patients

ER-positive

Adjuvant tamoxifen

Low RS <18

Intermediate RS =18-31

High RS >31

RS is a 

Continuous Variable

Clinical Validation of Oncotype DXTM

Copyright 2004 by Massachusetts Medical Society. Reproduced with permission. 

Paik S, Shak S, Tang G, et al. N Engl J Med. 2004;351(27):2817-26.

http://content.nejm.org/content/vol351/issue27/images/large/07f4.jpeg
http://content.nejm.org/content/vol351/issue27/images/large/07t2.jpeg
http://content.nejm.org/content/vol351/issue27/images/large/07f2.jpeg


Heat Map

Groups genes based on similarity of

expression between genes.

(color coded: red = high and blue = low).
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Dendritic Tree

Groups samples based on similarity 

of gene expression between 

samples.

Samples
(Hierarchical Clustering) 

Data from Microarrays
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IBCs
Unsupervised Comparison

Groups samples based on 

naturally occurring associations

of gene expression.

Grade 3 (high)

Grade 1 (low)

Grade 2 (intermed)

Histological Grade

(Hierarchical Clustering) 

Data from Microarrays

Copyright 2004 by Massachusetts Medical Society. Reproduced with permission. Paik S, 

Shak S, Tang G, et al. N Engl J Med. 2004;351(27):2817-26.



Supervised Comparison

Directly compares groups of

samples to identify differences

in the expression of specific genes.

Grade 3 (high)

Grades 1 and 2

Histological Grade
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"Cluster, 25 DCIS"

"17 DCIS cell 56,45,46 "

"Cluster, 17 DCIS"

Hist. grade

Prop. tumor cells

Abs no cells

H H H H H H H H H L L L L L L L L L L L L L L L L

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

H H H H H H H H L L L L L L L L L

2 2 2 2 3 2 3 3 3 1 1 1 1 2 1 1 1 1 1 1 1 1 2 2 2

5 5 4 4 4 3 4 5 4 5 4 5 5 4 4 5 5 5 5 5 5 5 5 4 5

6 6 5 5 6 6 6 6 5 6 5 7 5 5 5 7 6 6 7 6 7 6 7 6 7

-3.0 -2.5 -1.9 -1.4 -0.8 -0.3 0.3 0.8 1.4 1.9 2.5 3.0

MAP00190 EC 1.9.3.1 Oxidative phosphorylation

topoisomerase (DNA) II alpha 170kDa
phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog, Drosophila)
transferrin receptor (p90, CD71)
retinoic acid receptor responder (tazarotene induced) 1
S100 calcium binding protein A7 (psoriasin 1)
S100 calcium binding protein A8 (calgranulin A)
S100 calcium binding protein A9 (calgranulin B)
M12036 /FEATURE=cds /DEFINITION=HUMHER2B Human tyrosine kinase-type receptor (HER2) gene, par...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
growth factor receptor-bound protein 7
cathepsin K (pycnodysostosis)
fibronectin 1
collagen, type I, alpha 2
carboxypeptidase B1 (tissue)
cytochrome P450, subfamily IIB (phenobarbital-inducible), polypeptide 6
solute carrier family 1 (neuronal/epithelial high affinity glutamate transporter, system Xag), member 1
solute carrier family 4, sodium bicarbonate cotransporter, member 7
N-acetyltransferase 1 (arylamine N-acetyltransferase)
ADP-ribosylation factor guanine nucleotide factor 6
nucleobindin 2
quinoid dihydropteridine reductase
acyl-Coenzyme A dehydrogenase, short/branched chain
cytochrome c oxidase subunit VIc
Human clone 23948 mRNA sequence
GREB1 protein
chromosome 1 open reading frame 34
NPD009 protein
GATA binding protein 3
carbonic anhydrase XII
adaptor-related protein complex 1, gamma 1 subunit
trefoil factor 3 (intestinal)
Homo sapiens, clone MGC:22588 IMAGE:4696566, mRNA, complete cds
trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)
LIV-1 protein, estrogen regulated
low density lipoprotein-related protein 2
angiotensin II receptor, type 1
angiotensin II receptor, type 1
glycine receptor, beta
PDZ domain containing 1
kinesin family member 5C
stanniocalcin 2
plasminogen activator, tissue
serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1
GDNF family receptor alpha 1
solute carrier family 16 (monocarboxylic acid transporters), member 6
sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3B
tyrosine aminotransferase
Homo sapiens clone 23736 mRNA sequence
monoamine oxidase A
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"Cluster, 25 DCIS"

"17 DCIS cell 56,45,46 "

"Cluster, 17 DCIS"

Hist. grade

Prop. tumor cells

Abs no cells
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MAP00190 EC 1.9.3.1 Oxidative phosphorylation

topoisomerase (DNA) II alpha 170kDa
phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog, Drosophila)
transferrin receptor (p90, CD71)
retinoic acid receptor responder (tazarotene induced) 1
S100 calcium binding protein A7 (psoriasin 1)
S100 calcium binding protein A8 (calgranulin A)
S100 calcium binding protein A9 (calgranulin B)
M12036 /FEATURE=cds /DEFINITION=HUMHER2B Human tyrosine kinase-type receptor (HER2) gene, par...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
growth factor receptor-bound protein 7
cathepsin K (pycnodysostosis)
fibronectin 1
collagen, type I, alpha 2
carboxypeptidase B1 (tissue)
cytochrome P450, subfamily IIB (phenobarbital-inducible), polypeptide 6
solute carrier family 1 (neuronal/epithelial high affinity glutamate transporter, system Xag), member 1
solute carrier family 4, sodium bicarbonate cotransporter, member 7
N-acetyltransferase 1 (arylamine N-acetyltransferase)
ADP-ribosylation factor guanine nucleotide factor 6
nucleobindin 2
quinoid dihydropteridine reductase
acyl-Coenzyme A dehydrogenase, short/branched chain
cytochrome c oxidase subunit VIc
Human clone 23948 mRNA sequence
GREB1 protein
chromosome 1 open reading frame 34
NPD009 protein
GATA binding protein 3
carbonic anhydrase XII
adaptor-related protein complex 1, gamma 1 subunit
trefoil factor 3 (intestinal)
Homo sapiens, clone MGC:22588 IMAGE:4696566, mRNA, complete cds
trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)
LIV-1 protein, estrogen regulated
low density lipoprotein-related protein 2
angiotensin II receptor, type 1
angiotensin II receptor, type 1
glycine receptor, beta
PDZ domain containing 1
kinesin family member 5C
stanniocalcin 2
plasminogen activator, tissue
serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1
GDNF family receptor alpha 1
solute carrier family 16 (monocarboxylic acid transporters), member 6
sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3B
tyrosine aminotransferase
Homo sapiens clone 23736 mRNA sequence
monoamine oxidase A
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Unsupervised Comparison

Grouped by natural associations.
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transferrin receptor (p90, CD71)
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fibronectin 1
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N-acetyltransferase 1 (arylamine N-acetyltransferase)
ADP-ribosylation factor guanine nucleotide factor 6
nucleobindin 2
quinoid dihydropteridine reductase
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Human clone 23948 mRNA sequence
GREB1 protein
chromosome 1 open reading frame 34
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adaptor-related protein complex 1, gamma 1 subunit
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trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)
LIV-1 protein, estrogen regulated
low density lipoprotein-related protein 2
angiotensin II receptor, type 1
angiotensin II receptor, type 1
glycine receptor, beta
PDZ domain containing 1
kinesin family member 5C
stanniocalcin 2
plasminogen activator, tissue
serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1
GDNF family receptor alpha 1
solute carrier family 16 (monocarboxylic acid transporters), member 6
sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3B
tyrosine aminotransferase
Homo sapiens clone 23736 mRNA sequence
monoamine oxidase A
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"Cluster, 25 DCIS"

"17 DCIS cell 56,45,46 "

"Cluster, 17 DCIS"

Hist. grade

Prop. tumor cells

Abs no cells

H H H H H H H H H L L L L L L L L L L L L L L L L

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

H H H H H H H H L L L L L L L L L

2 2 2 2 3 2 3 3 3 1 1 1 1 2 1 1 1 1 1 1 1 1 2 2 2

5 5 4 4 4 3 4 5 4 5 4 5 5 4 4 5 5 5 5 5 5 5 5 4 5

6 6 5 5 6 6 6 6 5 6 5 7 5 5 5 7 6 6 7 6 7 6 7 6 7

-3.0 -2.5 -1.9 -1.4 -0.8 -0.3 0.3 0.8 1.4 1.9 2.5 3.0

MAP00190 EC 1.9.3.1 Oxidative phosphorylation

topoisomerase (DNA) II alpha 170kDa
phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog, Drosophila)
transferrin receptor (p90, CD71)
retinoic acid receptor responder (tazarotene induced) 1
S100 calcium binding protein A7 (psoriasin 1)
S100 calcium binding protein A8 (calgranulin A)
S100 calcium binding protein A9 (calgranulin B)
M12036 /FEATURE=cds /DEFINITION=HUMHER2B Human tyrosine kinase-type receptor (HER2) gene, par...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene homolog...
growth factor receptor-bound protein 7
cathepsin K (pycnodysostosis)
fibronectin 1
collagen, type I, alpha 2
carboxypeptidase B1 (tissue)
cytochrome P450, subfamily IIB (phenobarbital-inducible), polypeptide 6
solute carrier family 1 (neuronal/epithelial high affinity glutamate transporter, system Xag), member 1
solute carrier family 4, sodium bicarbonate cotransporter, member 7
N-acetyltransferase 1 (arylamine N-acetyltransferase)
ADP-ribosylation factor guanine nucleotide factor 6
nucleobindin 2
quinoid dihydropteridine reductase
acyl-Coenzyme A dehydrogenase, short/branched chain
cytochrome c oxidase subunit VIc
Human clone 23948 mRNA sequence
GREB1 protein
chromosome 1 open reading frame 34
NPD009 protein
GATA binding protein 3
carbonic anhydrase XII
adaptor-related protein complex 1, gamma 1 subunit
trefoil factor 3 (intestinal)
Homo sapiens, clone MGC:22588 IMAGE:4696566, mRNA, complete cds
trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)
LIV-1 protein, estrogen regulated
low density lipoprotein-related protein 2
angiotensin II receptor, type 1
angiotensin II receptor, type 1
glycine receptor, beta
PDZ domain containing 1
kinesin family member 5C
stanniocalcin 2
plasminogen activator, tissue
serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1
GDNF family receptor alpha 1
solute carrier family 16 (monocarboxylic acid transporters), member 6
sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3B
tyrosine aminotransferase
Homo sapiens clone 23736 mRNA sequence
monoamine oxidase A
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Supervised Comparison

Grouped by direct comparison.

(Hierarchical Clustering) Data from Microarrays



Signatures optimized 

by restricting it to 

genes showing the 

least variation within 

groups (n~300)

Basal
Normal

Luminal (A & B)
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Signatures optimized 

by restricting it to 

genes showing the 

least variation within 

groups (n~300)

Basal
Normal

Luminal (A & B)

ESR1
¶

GATA3
¶

¶ erbB2

¶ CK5
¶

EGFR

Basal

ER-

GATA3-

erbB2-

CK5+

EGFR+

erbB2+

ER-

GATA3-

erbB2+

CK5+

EGFR+

Normal

ER°

GATA3°

erbB2-

CK5+

EGFR+

Luminal B

ER+

GATA3+

erbB2B

CK5-

EGFR-

Luminal A

ER+

GATA3+

erbB2-

CK5-

EGFR-

IHC 

ºMicroarrays

Copyright 2000 by Nature Publishing Group 

(Permissions). Reproduced with permission. 

Perou CM, Sørlie T, Eisen MB, et al. Nature. 

2000;406(6797):747-52.
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Copyright 2001 by National Academy of Sciences/Proceedings. Reproduced with permission. Sørlie 

T, Perou CM, Tibshirani R, et al. Proc Natl Acad Sci U S A. 2001;98(19):10869-74.

Intrinsic Molecular Subtypes With Different 

Clinical Outcomes
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Genes (n=70)

= No mets >5 yrs
= Mets < 5 yrs

Pathways good genes

growth inhibition

differentiation

adhesion

otheré

Pathways bad genes

cell cycle

invasion

metastasis

angiogenesis

signal transduction

other

Copyright 2002 by Nature Publishing Group (Permissions). Reproduced wiht permission. van 't Veer LJ, Dai H, 

van de Vijver MJ, et al. Nature. 2002;415(6871):530-6.

Supervised Analysis ñMammaPrintò Gene 

Expression Profile



Multivariate Analysis Risk of

Distant Metastasis as First Event
Variable

Bad gene profile

Tumor size

Tumor grade

LN status

Othersé

HR

4.6

1.56

1.35

1.13

na

p-Value

<.001

<.001

.05

.01

na

295 patients with IBC (<52y)

Mixed stage (T<5cm; N0=151; N>0=144)

Mixed adjuvant therapy

Copyright 2005 by Massachusetts Medical Society. Reproduced wiht permission. van de Vijver MJ, He 

YD, van't Veer LJ, et al. N Engl J Med. 2002;347(25):1999-2009.
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Multivariate Analysis Risk of

Distant Metastasis as First Event
Variable

Bad gene profile

Tumor size

Tumor grade

LN status

Othersé

HR

4.6

1.56

1.35

1.13

na

p-Value

<.001

<.001

.05

.01

na

295 patients with IBC (<52y)

Mixed stage (T<5cm; N0=151; N>0=144)

Mixed adjuvant therapy

Copyright 2005 by Massachusetts Medical Society. Reproduced wiht permission. van de Vijver MJ, He 

YD, van't Veer LJ, et al. N Engl J Med. 2002;347(25):1999-2009.
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Multigene Diagnostic/Prognostic Signatures:

Ý Important Incremental Progress

(n=97)

MammaPrint
vanôt Veer et al.

Nature 415:530, 2002.

Artificial neural network
classifier based on conventional

features (age, tsize, hgrade, ER,

PR, angio-invasion)

Nottingham Prognostic
Index (nodes, tsize, hgrade)

Eden et al. Eur J Cancer 40:1837, 2004.

good prognostic group

poor prognostic group

MammaPrint vs. Other Strategies

Copyright 2002 by Nature Publishing Group (Permissions). Reproduced wiht permission. van 't Veer LJ, 

Dai H, van de Vijver MJ, et al. Nature. 2002;415(6871):530-6.



Meta-Analysis of Gene Expression Studies in IBCs

13 Microarray Studies

533 Total Cases vs. 79 Normal Controls

Srour N, Reymond MA, Steinert R. Pathobiology. 2008;75(2):112-8.

Multi-Gene Diagnostic and Prognostic 

Signatures
Why only incremental progress?



Meta-Analysis of Gene Expression Studies in IBCs

13 Microarray Studies

533 Total Cases vs. 79 Normal Controls

1,350 genes de-regulated in ²1 study.

79 genes 

up-regulated 

in ²3 studies.

41 genes 

down-regulated 

in ²3 studies.

1,212 (90%) not confirmed by >1 study.

Multi-Gene Diagnostic and Prognostic 

Signatures
Why only incremental progress?

Srour N, Reymond MA, Steinert R. Pathobiology. 2008;75(2):112-8.


