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Porcentagem (em média) da população que não responde ao tratamento

com drogas

Source of data:  Brian B Spear, Margo-Heath Chiozzi, ñClinical Trends in 

Molecular Medicina, Issue 5, May 2001, pg 201-204

ANTIDEPRESIVOS

ASMA

DIABETES

ARTRITE

ALZHEIMER

CÁNCER

ÁANO 2000 - US$ 49 

BILHÕES EM TERAPIAS 

PARA CÂNCER EM 

TODO O MUNDO

ÁUS$37 BI. ςEF. 

ADVERSOS QT.



TRATAMENTO DO CÂNCER

• ANO 2008 - US$ 77.4  

BILHÕES EM TERAPIAS 

PARA CÂNCER USA

ÁUS$124,0 BI. ςPERDA DE 

PRODUTIVIDADE

Áwww.time.com

(maio/2013)

http://www.time.com/


DECISÃO TERAPÊUTICA

άavalia­«o de riscoó

•PARÂMETROS CLÍNICOS

–Status Linfonodal

–Diâmetro tumoral

–Grau

–Inv. Vascular

–Inv. Linfática

–Idade

•IMUNOHISTOQUÍMICA

–ER

–PgR

–HER-2

–Ki-67
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Pacientes com câncer de mama possuem mais chances de ter
receptor de estrogênio negativo na SEGUNDA e SEXTA-FEIRA.















PERIL PERSONALIZADO DE CÂNCER DE MAMA: SYMPHONY

RISCO DE RECORRÊNCIA E  QT: 70 genes

RECONFIRMAÇÃO DE RECEPTORES ER, PR  E HER2 - RNA m

SUBTIPOS MOLECULARES

80 GENES PARA SUBTIPOS LUMINAL, BASAL e ERB2.

56 GENES PARA ORIENTAR TERAPIA 



MAMMAPRINT® : VALIDAÇÕES CLÍNICAS 

Validation Study Country Reference
Years

2002 2004 2006 2007 2008 2009 2010

MammaPrint Discovery van ôt Veer et al, Nature78

Primary Validation Study van de Vijver et al, NEJM 295

Independent European study Buyse et al JNCI 302

Dutch patient cohort de Mesquita et al, Eur J Can 123

Prospective Study de Mesquita et al,  Lancet Oncology 427

Core Needle biopsies Mayordomo et al, ESMO Meeting 35

Validation in Older US patients Wittner et al, Clin Cancer Res 100

Validation in 1-3 LN+ patients Mook et al, Breast Cancer Res Treat. 241

Postmenopausal patients (>61) Mook et al, (submitted) / SABCS 148

Patients treated with Tamoxifen Kok et al, (submitted) 192

German Patient Cohort Kunz et al, St. Gallen Conference 140

Japanese patient cohort Ishitobi et al, Jap Breast Cancer Symp 118

Validation in 4-9 LN+ patients Saghastchian et al, St. Gallen Conf 167

Neoadjuvant predictive study Straver et al, Breast Cancer Res Treat 162

Predictiveness (Meta-analysis) study Bender et al, ASCO 2009 Conference 1,696

Validation of Prediction
MookS, et al., Ann SurgOncol , 
2010

964

Validado + de 7,000 Pacientes



FDA CLEARANCE OF MAMMAPRINT®

Study Purpose Details Comments

1
Nature
Development  
70-gene profile

2002
78 patients, LN0, <55yrs
6.4% adjuvant treatment

Metastatic risk within 5 years  
by profile; multivariate OR 18

2
NEJM
Validation 
70-gene profile

2002
151 patients
5.2% adjuvant treatment

Metastasis-free at 10 yrs: 
low risk 87%,high risk: 44%
5 yrs: low risk 93%,high risk 
56%

3
BMC Genomics
MammaPrint
Implementation

2006
reproducibility of and 
accuracy of MammaPrint

MammaPrint is Highly 
reproducible as a diagnostic tool

4
JNCI
Independent 
Validation

2006
302 patients
no adjuvant treatment

Metastasis-free at 10 yrs : 
low risk 90%,high risk: 71%





GENES MAMMAPRINT  SELECIONADOS  BIOLOGIA 
TUMORAL

AnálisE de todo genoma

~25,000 genes

70 genes 

55 função conhecida

15 não conhecida

29



MAMMAPRINT® - CASCATA 
METASTÁSICA

Growth and 
proliferation

1.

Angiogenesis2.

Local invasion
3.

Survival in circulation
Intravasation

4.

Extravasation6.Extravasation6.

Adaptation to 
microenvironment at 
secondary site

7.

Growth and proliferation1.

5.



IGFBP5, TGFB3, FGF18, ESM1, RARRES3, PITRM1, EXT1, EXTL3, SCUBE2,
EBF4,CDC42BPA, CDCA7, CDCA7L, GMPS, MELK, RFC4, WISP1, HRASLS, 

BBC3, DTL, FBXO31, EGLN1, GNAZ, MTDH, FLT1, ECT2, DIAPH3, NUSAP1, 
AKAP2, NDC80, PRC1, ORC6L, CENPA, DCK, CCNE2, MCM6, QSOX2, STK32B

IGFBP5, TGFB3, FGF18, ESM1, RARRES3, 
PITRM1, EXT1, EXTL3, SCUBE2,

EBF4,CDC42BPA, CDCA7, CDCA7L, 
GMPS, MELK, RFC4, WISP1, HRASLS, 
BBC3, DTL, FBXO31, EGLN1, GNAZ, 

MTDH, FLT1, ECT2, DIAPH3, NUSAP1, 
AKAP2, NDC80, PRC1, ORC6L, CENPA, 
DCK, CCNE2, MCM6, QSOX2, STK32B

COL4A2, FLT1, FGF18, MMP9

Growth and 
proliferation

1.

Angiogenesis
2.

FLT1, TGFB3, IGFBP5, FGF18, RARRES3, 

CDCA7L, WISP1, DIAPH3, AKAP2, CDC42BPA, 

PALM2, DCLK2, NMU, NMUR1, NMUR2
Local invasion

3.

COL4A2, FLT1, MMP9, TGFB3,, DIAPH3, 

PALM2, DCLK2, NMU, NMUR1, NMUR2
Survival in circulation

COL4A2, FLT1, MMP9, TGFB3, 

MTDH, DIAPH3, PALM2, DCLK2, 

NMU, NMUR1, NMUR2

COL4A2, FLT1, MMP9, TGFB3, MTDH, DIAPH3, 

PALM2, DCLK2, NMU, NMUR1, NMUR2

COL4A2, FLT1, MMP9, 

TGFB3, MTDH, DIAPH3, 

PALM2, DCLK2, NMU, 

NMUR1, NMUR2

Intravasation
4.

Extravasation6.Extravasation6.

MMP9, COL4A2
Adaptation to 

microenvironment at 
secondary site

7.

Growth and proliferation1.

5.

MAMMAPRINT® INTERRGOGA A CASCATA METASTÁSICA



At both primary tumor site and distant

metastasis site: angiogenesis.

COL4A2, FLT1, FGF18, MMP9, GPR180

Genes that are known to be involved in early 
embryonic development indicate epithelial -
mesenchymal transition phenomenon induced 
MMP9, COL4A2, FLT1, TGFB3, IGFBP5, FGF18, WISP1, GPR180, ESM1, 

SCUBE2, PITRM1, EXT1, EBF4, ECT2, GRHL2

At both primary tumor site and distant metastasis site: 

adhesion to extra cellular matrix and remodel adjacent 

extra cellular matrix, acquire cytoskeleton change and 

motility. 
MMP9, COL4A2, GPR180, RTN4RL1, GPR126, FLT1, TGFB3, IGFBP5, FGF18, 

WISP1, DIAPH3 isoform a, DIAPH3 isoform b, CDC42BPA, PALM2, NMU 

At distant metastasis site: migration, adaption to microenvironment at 

secondary site, and formation of micrometastasis and colonization.
MMP9, COL4A2, FLT1, TGFB3, IGFBP5, FGF18, WISP1, DIAPH3 isoform a, DIAPH3 isoform b, PALM2, NMU, 

CDC42BPA, GPR180, RTN4RL1, GPR126, BBC3, ECT2, QSCN6L1, STK32B, GRHL2, RASSF7, RUNDC1, DCK, 

FLT1, EGLN1, EXT1, GNAZ, HRASLS, EBF4, MELK, MTDH, PITRM1, CCNE2, CENPA, LIN9, KNTC2, MCM6, 

NUSAP1, ORC6L,PRC1, RFC4, RECQL5, CDCA7, DTL 

Intravasation, survival, transportation and extravasation 

of the tumor cells in the circulation
COL4A2, FLT1, MMP9, TGFB3, MTDH, DIAPH3, PALM2, NMU, GPR180

At both primary tumor site and 

distant metastasis site: cell cycle, 

cytoskeleton related biogenesis, 

cell death, growth and 

proliferation, and modified energy 

metabolism.

BBC3, ECT2, QSCN6L1, STK32B, GRHL2, 

RASSF7, RUNDC1, DCK, FLT1, EGLN1, EXT1, 

GNAZ, HRASLS, EBF4, MELK, MTDH, PITRM1, 

ALDH4A1, AYTL2, OXCT1, PECI, GMPS, 

GSTM3, SLC2A3, CCNE2, CENPA, LIN9, 

KNTC2, MCM6, NUSAP1, ORC6L, PRC1, 

RFC4, RECQL5, CDCA7, DTL 

MAMMAPRINT® - CASCATA METASTÁSTICA



ESTUDO E PUBLICAÇÃO



TargetPrint®: ER, PR e HER2

Concordância 

IHC/TargetPrint

ER: 98%

(MINDACT)

PR: 83%

HER2: 96%

MINDACT - (Microarray In Node negative Disease may Avoid ChemoTherapy) - Um estudo
prospectivo randomizado comparando a assinatura de 70 genes com os critérios clínico-
patológicos na seleção de pacientes para quimioterapia adjuvante no câncer de mama com 0-3
nódulos positivos.



Referências: Estudo TARGETPRINT

1-Hede K. Breast cancer testing scandal shines spotlight on black box of clinincal laboratory testing. J Natl Cancer Inst 2008;100:836-7.
2-Oyama T, Ishikawa Y, Hayashi M, Arihiro K, Horiguchi J. The effects of fixation, processing and evaluation criteria on immunohistochemical detection of hormone receptors in breast cancer. 
Breast Cancer 2007;14:182-8.
3-Ross JS, Symmans WF, Pusztai L, Hortobagyi GN. Standardizing slide-based assays in breast cancer: hormone receptors, HER2, and sentinel lymph nodes. Clin Cancer Res 2007;13:2831-5.
4-Kirkegaard T, Edwards J, Tovey S, et al. Observer variation in immunohistochemical analysis of protein expression, time for a change? Histopathology 2006;48:787-94.
5-Diaz LK, Sahin A, Sneige N. Interobserver agreement for estrogen receptor immunohistochemical analysis in breast cancer: a comparison of manual and computer-assisted scoring methods. 
Ann Diagn Pathol 2004;8:23-7.
6-Arihiro K, Umemura S, Kurosumi M, et al. Comparison of evaluations for hormone receptors in breast carcinoma using two manual and three automated immunohistochemical assays. Am J Clin
Pathol 2007;127:356-65.
7-Gancberg D, Järvinen T, di Leo A, et al. Evaluation of HER-2/NEU protein expression in breast cancer by immunohistochemistry: an interlaboratory study assessing the reproducibility of HER-
2/NEU testing. Breast Cancer Res Treat 2002;74:113-20.
8-Allred DC. Commentary: hormone receptor testing in breast cancer: a distress signal from Canada. Oncologist 2008;13:1134-6.
9- Viale G, Regan MM, Maiorano E, et al. Prognostic and predictive value of centrally reviewed expression of estrogen and progesterone receptors in a randomized trial comparing letrozole and
tamoxifen adjuvant therapy for postmenopausal early breast cancer: BIG 1-98. J Clin Oncol 2007;25:3846-52.
10- Rhodes A, Jasani B, Barnes DM, Bobrow LG, Miller KD. Reliability of immunohistochemical demonstration of oestrogen receptors in routine practice: interlaboratory variance in the sensitivity
of detection and evaluation of scoring systems. J Clin Pathol 2000;53:125-30.
11-Perez EA, Suman VJ, Davidson NE, et al. HER2 testing by local, central, and reference laboratories in specimens from the North Central Cancer Treatment Group N9831 intergroup adjuvant
trial. J Clin Oncol 2006;24:3032-8.
12- Reddy JC, Reimann JD, Anderson SM, Klein PM. Concordance between central and local laboratory HER2 testing from a community-based clinical study. Clin Breast Cancer 2006;7:153-7.
13- Ach et al., 2007, Robust inter-laboratory reproducibility of a gene-expression signature measurement consistent with the needs of a new generation of diagnostic tools. BMC Genomics 8; 148
14- Glas et al., 2006, Converting a breast cancer microarray signature into a high-throughput diagnostic test, BMC Genomics, 7:278
15- Roepman et al., 2008, Microarray based read-out of ER, PR and HER2 expression in breast cancer tissue, abstract, abstract ASCO Breast Conference 2008
16- Bueno-de-Mesquita et al, 2007, Use of 70-gene signature to predict prognosis of patients with node-negative breast cancer: a prospective community-based feasibility study (RASTER), Lancet 
Oncology, 2007 Dec;8(12):1079-87
17- van de Vijver et al, 2002, A gene-expression signature as a predictor of survival in breast cancer, New England Journal of Medicine, Dec 19;347(25)
18- EBCTCG, Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence and 15-year survival: an overview of the randomized trials. Lancet 365;1687-1717
Ross et al. (2003) The Her-2/neu gene and protein in breast cancer: biomarker and target of therapy. Oncologist 8 (4): 307-25





140 PACIENTES RETIRADAS DE BANCO TE TUMORES

56
44
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GRAU

– G3: 9% com boa assinatura gênica



LINFONODO

SEM DIFERENÇA  % N0-N1 BOA/MÁ ASSINATURA 

52% N+ = AoL MAL PROGNÓSTIO x BOA ASSINATURA









AOL X MAMMAPRINT

41% DISCORDÂNCIA

32% MMP ςMÁ ASSINATURA ςSEM TTO  

45% MMP ςBOA ASSINATURA - QT+ HT

(SUBTRATADAS)

(OVERTREATMENT) 





1. Viale, et al. (ASCO, 2012)















Druker CA. Int. J. Cancer 2013



MAMAPRINT x AOL 8.0

N = 427 CT1-3N0

F UP = 61.6 M

Druker CA. Int. J. Cancer 2013
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Druker CA. Int. J. Cancer 2013
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DISCORDÂNCIA MMP x AoL = 38%

29% MMP BX RISCO/ AoL ALTO RISCO

9% MMP ALTO RISCO/ AoL BX RISCO

Druker CA. Int. J. Cancer 2013







Investigation of

Serial studies to

Predict

Your

Therapeutic

Responsewith

Imaging and Molecular

Ana-

Lysis

I-SPY Trial Program

I SPY WITH MY 

LITTLE EYE é

A BIO-MARKER 

BEGINING WITH Xé



I-SPY 2: Participating Centers

http://www.fhcrc.org/
http://lombardi.georgetown.edu/
http://cancer.ucsf.edu/
http://www.inova.org/
http://www.ohsu.edu/xd/health/services/cancer/index.cfm
http://www.kumc.edu/
http://www.loyolamedicine.org/
http://www.mayoclinic.org/
http://www.mdanderson.org/
http://www.utsouthwestern.edu/
http://www.swedish.org/body.cfm?id=19
http://www3.ccc.uab.edu/
http://cancer.ucsd.edu/
http://uccrc.uchicago.edu/
http://www.uccc.info/for-healthcare-professional/cancer-center/index.aspx
http://www.penncancer.org/
http://www.uofmmedicalcenter.org/
http://uscnorriscancer.usc.edu/
http://azcc.arizona.edu/
http://www.bccancer.bc.ca/default.htm
http://winshipcancer.emory.edu/
http://www.mayoclinic.org/
http://www.fnih.org/


Translational Medicine, Clinical Pharmacology & Therapeutics, 86, 1, 97–100, 2009.

MammaPrint Low Risk Result
ER positive
HER2 negative
(Ineligible for I-SPY 2 as these patients would not be 
considered ideal candidates for chemotherapy)

MammaPrint High Risk Result
ER/PR status
HER2 status

Based on results, patients 
randomized to treatment.

Patient Enrolled

Patient presents with 
>3cm invasive cancer

Core biopsy to assess 
patient eligibility

Patient Ineligible

I-SPY 2: AN ADAPTIVE BREAST CANCER TRIAL DESIGN IN THE 
SETTING OF NEOADJUVANT CHEMOTHERAPY

Eligibility determined by:
ER, PR status
HER2 (IHC/FISH, gene expression, protein microarray)
MammaPrint result (from full 44k whole-genome microarray)



MAMMAPRINT - ST. GALLEN  2009 & 2011

ñIn an important change from the previous St. Gallen

conference, the 2009 Panel supports the use of a 

validated multi-gene profiling assay, if readily 

available, as an adjunct to high quality phenotyping of 

breast cancer in cases in which the indication for 

adjuvant chemo-therapy remains uncertain.ò

Goldhirsch et al. (2009) Annals of Oncology (in press)

special article:

Thresholds for therapies: highlights of the 

St Gallen International Expert Consensus 

on the Primary Therapy of Early Breast 

Cancer 2009

Annals of Oncology Advance Access published 

June 17, 2009
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