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Outline

• Clinical rationale for genomic profiling

• Commercially available multi-gene assays for node-negative patients:

– Amsterdam 70-Gene Signature (MammaPrint)

– 21-Gene Recurrence Score (OncotypeDx)

– 2-Gene HOXB13:IL17BR Assay + Molecular Grade Index (MGI)

– Rotterdam 76-Gene Assay

• Recent data with multi-gene assays in node-positive patients



Clinical Rationale for Genomic 

Profiling in Early-Stage BC
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Commercially Available

Multi-Gene Assays
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Netherlands Cancer Institute Development of 

a 70-Gene Prognostic Index
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No. at Risk

Good signature 60 57 54 45 31 22 12

Poor signature  91 72 55 41 26 17 9

87%

44%

Metastases-Free Survival

Good signature

Poor signature

P<0.001

1.0

0.8

0.6

0.4

0.2

0.0
0 2 4 6 8 10 12

P
ro

b
a

b
il
it

y
 o

f 
R

e
m

a
in

in
g

M
e

ta
s

ta
s

is
-f

re
e

No. at Risk

Good signature  60     59 58 48 35 24     12

Poor signature   91 86 66 50 33 21     10

Overall Survival

97%

50%

1.0

0.8

0.6

0.4

0.2

0.0

0 2 4 6 8 10 12

Good signature

Poor signature

O
v
e
ra

ll
 S

u
rv

iv
a
l

Outcome According to 70-Gene Prognostic 

Index Node-Negative Patients



Copyright 2002 by Massachusetts Medical Society. Reproduced with permission. van de Vijver MJ, He YD, van't Veer LJ , et al. N Engl J Med. 2002;347:1999-

2009.

No. at Risk

Good signature 60 57 54   45 31 2      12

Poor signature 91 72 55  41 26 17      9

No. at Risk

Low Risk 22 22 21 17 9 5        2

High Risk 129 107 98 69  48 34     19

No. at Risk

Low Risk 11 10 9 9 6 2 0

High Risk 140 119 100   77   51 37     21

70-Gene Index
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Median Follow Up:13.6 years

Time to Distant Metastases
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70-Gene Index: External Validation



Evaluate clinical-Pathological risk and 70-gene signature risk

EORTC-BIG MINDACT TRIAL DESIGN

6,000 Node-Negative Women

Clinical-Pathological 

and 70-gene both HIGH 

risk

Clin-Path HIGH

70-gene LOW

Discordant

70%

N=1344

Clin-Path LOW

70-gene HIGH

30%

N=576

Clinical-Pathological 

and 70-gene both 

LOW risk

R1

55% 32% 13%

N=1920

Use Clin-Path risk to 

decide Chemo or not

Clin-Path High

70-gene Low: CTx

70%

672

Clin-Path Low

70-gene High: no CTx

30%

288

Use 70-gene risk to decide 

Chemo or not

30%

288

Clin-Path Low

70-gene High: Ctx

Clin-Path High

70-gene Low: no Ctx

70%

672

Supported by the EU framework VI programme

BIG-TRANSBIG Secretariat– Used with permission

H0: 5y DMFS

>92%

(80% power)



• Invent assay methods for quantifying 

gene expression in FPET

• Select candidate genes from human 

genome

• Test candidate genes in three 

independent breast cancer studies to 

identify an optimal gene panel for clinical 

validation

• Prospectively validate 21-gene panel in 

large multicenter clinical trial

Providence, 

Rush,

NSABP B-20

RT-PCR

DNA microarrays

NSABP B-14

21-Gene Recurrence Score Assay 

Development and Validation
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16 Cancer and 5 Reference Genes

• Best RT-PCR performance and most robust predictions

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

21-Gene Recurrence Score



B-14 Validation Study
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Copyright 2004 by Massachusetts Medical Society. Reproduced with permission. Paik S, Shak S, Tang G , et al. N Engl J Med. 2004;351:2817-26.

NSABP B-14: Recurrence Score as a Prognostic 

Factor in Node (-), ER(+) Tamoxifen-Treated Patients



RS as a Continuous VariableB-14 Validation Study

RS is 30, What is the 

chance of recurrence 

within 10 yrs?

95% CI

Copyright 2004 by Massachusetts Medical Society. Reproduced with permission. Paik S, Shak S, Tang G , et al. N Engl J Med. 2004;351:2817-26.

NSABP B-14: Recurrence Score as a Prognostic 

Factor in Node (-), ER(+) Tamoxifen-Treated Patients
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Low Risk (RS < 18)
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Paik S, et al. SABCS 2004; abstract 24.

0 2 4 6 8 10 12

Years

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D
R

F
S

Int Risk (RS 18 - 30)
Tam + Chemo
Tam

p = 0.71

N       Events

89          9

45          8     

89%
90%

Interm. Risk (RS 18–30)

0 2 4 6 8 10 12
Years

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D
R

F
S

High Risk Patients (RS  31)
Tam + Chemo
Tam

p = 0.001

N       Events

117        13

47        18     

60%

88%

High Risk

(RS ≥ 31)

Interaction p = 0.0368

B-20 Chemotherapy Benefit By Recurrence Score 

Category



0 10 20 30 40 50

Recurrence Score

0
.0

0
.1

0
.2

0
.3

0
.4

D
is

ta
n

t 
R

e
c

u
rr

e
n

c
e

 a
t 

1
0

 Y
e

a
rs Tam

Tam + Chemo

Benefit from chemo

Clear Chemo Benefit
Minimal, if any, Chemo Benefit

Uncertain Benefit 

000

B-20 Results

Linear fit



Intergroup TAILORx trial
Trial Assigning IndividuaLized Options for Treatment

Node Negative ER+ and/or PgR+ HER2 

negative (IHC 0-1+ or FISH [-])

21-gene recurrence score assay

RS < 11

Hormonal

Therapy*

(29%)

RS 11 - 25

Randomize

Hormonal Rx*

vs.

Chemotherapy* + 

Hormonal Rx*

(44%)

RS > 25

Chemotherapy*

+

Hormonal Rx*

(27%)

*Choice of therapy at investigator discretion including option of adjuvant chemotherapy trials



Harris L, et al. J Clin Oncol. 2007;25:1-26.



•Tumor 0.6 – 1.0cm 
moderately/poorly 

differentiated 

or unfavorable features

•Tumors > 1cm

Consider 

21-gene

RT-PCR 

assay

pT1, pT2, or 

pT3;and pN0 

or pN1mi
(≤ 2mm axillary 

node metastasis)

Low RS  → Adjuvant 

endocrine 

therapy

Int RS   → Adjuvant 

endocrine 

therapy ±

adjuvant

chemotherapy

High RS → Adjuvant 

endocrine 

therapy + 

adjuvant

chemotherapy

NCCN Practice Guidelines in Oncology - v.1.2010

NCCN Guidelines



Study Notes Results

Ma 2004
Development in 60 pts

Screened 22,000 genes

OR 10.2 

for RFS p<0.001

Reid 2005
58 pts and 99 pts

Tam treated

Negative Study

OR 1.3 p=0.18

Ma 2006
852 pts

Changed normalization to that now used in assay

HR=3.9

p=0.007

Goetz 2006
206 tam treated pts

Changed normalization and cutoff thresholds

HR=1.45 for DFS
P=0.05 
Sig only in Node-neg

Jansen 2007 468 pts

Changed normalization and ratio thresholds

HR=1.74 for RFS 

p=0.006

Jervall 2007
264 post- and 93 pre-meno

Changed Cutoff

Results not consistent in 

subsets studied

Summary of Studies

2-Gene HOXB13:IL17BR Assay



Background
• Based on expression of 5 proliferation-related genes

• Correlates with histologic grade and prognosis, comparable to GGI

- Ma et al. Clin Cancer Res 2008;14:2601-8

• The combination of MGI and HOXB13:IL17BR:

- Superior to either alone in predicting risk of distant metastasis in ER-

positive/Node-negative patients

Molecular Grade Index (MGI)



Stal O, et al. SABCS 2009; 

abstract 77.

• Aim: To further validate MGI-H:I and develop continuous predictor 

for risk assessment

• Study design: 769 patients enrolled in the Stockholm trial (2 years of 

TAM vs. no treatment). Patients on TAM were then randomized 

further to 3 more years of TAM or no treatment

MGI HOX13B:IL17

R

H:I + MGI

Prognostic Utility of H/I Ratio Plus MGI in 

Early-Stage Breast Cancer



Stal O, et al. SABCS 2009; abstract 77.

Training set = 314 pts 

with ER+, TAM +

DMFS as endpoint
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f(mgi,hi) = a1 *mgi + a2 * hi + a3 * hi3
f(mg,hi)

Continuous Risk Model Combining MGI and 

H/I



Stal O, et al. SABCS 2009; abstract 77.

• Conclusions:

− Developed a continuous risk model combining H/I ratio and MGI

− Defines a low-risk group with a 10-year recurrence risk of < 4%, comprised of >50% of patients

MGH Cohort, ER+, Endo-treated, BCI groups

Percent HR

Low 56 1.00

Intermediate 13 7.3

High 31 29.9

Oxford Cohort, Tam-treated, BCI groups

Percent HR

Low 45 1.00

Intermediate 32 12.5

High 23 26.6

n=93  p=3.3e-09
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Copyright 2006 by American Society of Clinical Oncology. Reproduced with permission. Foekens JA, Atkins D, Zhang Y, et al. J Clin Oncol. 

2006;24:1665-71.

Metastases-Free Survival
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B

HR = 4.93 (95% CI, 1.47 to 16.6) Log-rank P<.0043

++
++++++++++++++++

+++++++++++++++++++
+++++++++++

+++++++++++++++++++++++++++++++++++++++

Patients at risk:

Good signature 72 71 71 70 69 69 59 52 37 29 19

Poor signature 105 103 94 87 83 78 69 58 41 30 19

Patients at Risk:

Good signature 72 72 71 71 70 70 61 53 38 30 20

Poor signature 105 105 103 101 95 94 84 68 50 33 22

Rotterdam 76-Prognostic Gene Signature
Multi-Center Validation: 180 Untreated, Node-Negative Pts



Patients at risk:

Good signature 72 71 71 70 69 69 59 52 37 29 19

Poor signature 105 103 94 87 83 78 69 58 41 30 19

76-Gene Signature
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Patients at risk:

Size < 20 mm 95 93 91 88 86 83 74 65 51 44 31

Size > 20 mm 85 84 77 72 69 67 56 47 29 17 9

Copyright 2006 by American Society of Clinical Oncology. Reproduced with permission. Foekens JA, Atkins D, Zhang Y, et al.   

J Clin Oncol. 2006;24:1665-71.

Metastases-Free Survival:

76-Prognostic Gene Signature vs. Tumor Size



High-Risk St. Gallen
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Copyright 2006 by American Society of Clinical Oncology. Reproduced with permission. Foekens JA, Atkins D, Zhang Y, et al.   

J Clin Oncol. 2006;24:1665-71.

Rotterdam 76-Prognostic Gene Signature
Metastases-Free Survival in Patients Deemed 

High Risk by Traditional Criteria



Multi-Gene Assays in

Node-Positive Patients
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Tamoxifen x 5 years (N=361)

CAF x 6, with concurrent 

tamoxifen (N=550)

CAF x 6, followed by 

tamoxifen (N=566)

Post-

menopausal,

Node +, ER+

(N=1477)

21-gene recurrence score (RS) is prognostic and predicts benefit 

from chemotherapy in node-negative, ER+ disease *

Rationale: To assess the utility of the RS in node-positive disease

SWOG 8814:

* Paik, et al..N Engl J Med 2004;351:2817-26.

Paik, JCO 2006.

Superior

DFS and OS 

at 10 years

Albain K, et al. SABCS 2007; abstract 10.

SWOG 8814/TBCI 0100: Recurrence Score
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Intermediate RS 18-30 (n=46)
High RS ≥31 (n=47)

Stratified log-rank p = 0.017 at 10 years

(tamoxifen alone)
Disease-Free Survival by Risk Group 

10-yr: 60%, 49%, 43% 10-yr: 77%, 68%, 51%

Albain K, et al. SABCS 2007; abstract 10.

SWOG 8814/TBCI 0100
21-Gene Recurrence Score is Prognostic for DFS and OS in Tamoxifen Arm
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Albain K, et al. SABCS 2007; abstract 10.



Albain K, et al. SABCS 2007; abstract 10.
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CAF Benefit Greatest in Higher RS for Both Nodal 

Subsets, with No Benefit in Lower RS



• RS was a highly 

significant predictor of 

recurrence in 

node neg (p=0.0007) & 

node pos (p=0.0004) 

disease

• Little difference in 

recurrence rates for 1 vs. 

0 positive nodes

Goldstein LJ, et al. Breast Cancer Res Treat. 2007;106(suppl 1):S17(abstract 63).

---

RS for any nodes

Nodes for any RS

RS for 0 nodes

RS for 1 node

RS for 2 - 3 nodes

0 Node
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5-Year Recurrence Rate (95% CI)
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ECOG E2197: 5-Year Recurrence Rates by RS Risk 

Category & Nodal Status



• Is there a significant relationship between the rate of DISTANT recurrence 

(TTDR; DRFI) and the Recurrence Score (RS) in N-, HR+, no 

chemotherapy patients from tamoxifen and anastrozole arms (combined)?

HR+ Breast Cancer

No Adjuvant Chemotherapy
Tamoxifen Arm

Anastrozole Arm

Tamoxifen + 

Anastrozole Arm

RS

RS

Not examined

ATAC

1308 ER+/PgR+ samples 

with reportable RS

Dowsett M, et al. SABCS 2008; abstract 53.

TransATAC: Primary Analysis



Years
0 1 2 3 4 5 6 7 8 9

Low
Int

High

N (%)

513 (59%)
229 (26%)

130 (15%)

96%
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75%
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P<0.001
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Int vs.Low       2.5 

RS Group     HR*
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Dowsett M, et al. SABCS 2008; abstract 53.

TransATAC Results:

TTDR by RS Group, Both Treatment Arms
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TransATAC Results: For Any RS Rate of Distant 

Recurrence Increases with the # of Positive Nodes



Variable
ΔLog Rank 
Chi-Square p-Value

Risk Distant Recurrence 
from RS

21.9 <0.001

Risk Relapse from 
Adjuvant!

21.9 <0.001

• RS and Adjuvant! correlate weakly 
(Spearman R=0.234)

*Predicted rate of distant recurrence at 10 yrs from RS

**Predicted rate of relapse at 10 yrs from Adjuvant!

Prediction of Relapse Rate:

Multivariate Model

• RS and Adjuvant! Online each

- Highly significant

- Independent

• In both node negative (shown in table) and 
node positive patients

• Similar results for mortality

Adjuvant! Risk Using Central Grade (%)**

Correlation

R
S

 R
is

k
 (

%
)*

0

10

20

30

40

0 10 20 30 40

Dowsett M, et al. SABCS 2008; abstract 53.

TransATAC Results: 

Recurrence Score vs. Adjuvant! Online



• 70-gene expression profile demonstrated prognostic value in node-negative 

patients (van de Vijver, NEJM 2002)

• The present study examined 241 patients with T1, T2, or T3 tumors with 1-3 

positive nodes (variable adjuvant therapy)

Mook, S et al. Breast Cancer Res Treat. 2009;116:295-302.

70-Gene Signature in Patients With 1-3 Positive 

Lymph Nodes



Copyright 2009 by Springer-Verlag new York Inc. Reproduced with permission. Mook S, Schmidt MK, Viale G, et al. 

Breast Cancer Res Treat. 2009;116:295-302.

Characteristics 70-gene prognosis-signature P-value*

Good prognosis signature

(n=99)

Poor prognosis signature

(n=142)

No. % No. %

Oestrogen-receptor status

Negative 4 4.0 46 32.4

<0.001

Positive 95 96.0 96 67.6

Progesterone-receptor status

Negative 16 16.5 72 50.7

<0.001

Positive 81 83.5 70 49.3

Unknown 2 0

HER2/NEU receptor status

Negative 95 97.9 103 74.6

<0.001

Positive 2 2.1 35 25.4

Unknown 2 4

Patient Characteristics
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70-Gene Signature:

Independent and Significant Prognostic Marker



No Chemotherapy (n=101)

Log-rank P = 0.003
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Breast Cancer Res Treat. 2009;116:295-302.

Good Risk 70-Gene Signature in 1-3 Positive Nodes Same Outcome 

with or without Chemotherapy in a Non-Randomized Setting
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Overall Survival According to 70-Gene 

Signature
Adjuvant! High Risk Patients



Bender RA, et al. J Clin Oncol. 2009;27(suppl):10s (abstract 512).
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Benefit: A Pooled-Analysis



• High throughput technology can be used to identify gene expression 

profiles that significantly predict outcome in early-stage BC

• Several commercially available multi-gene assays provide independent 

prognostic and predictive information in node-negative and node-positive 

patients

• Genomic profiling provides useful insight into breast cancer biology and 

behavior above and beyond that of existing biomarkers

Summary



The Role of Multi-gene 

Predictors in Early Breast 

Cancer


