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Clinically Available 

Molecular Diagnostics

(Chan & Ginsburg, 2011)

Diagnostic Kits

Laboratory-developed-tests (LDTs)



Rx

Treatment

Chemotherapy

Dx

Diagnosis

Stage, Grade, IHC

Diagnosis vs Treatment



• Grade 3• Grade 1

Histological grade

Predicting disease outcome 

in cancer

Low risk High risk

Who to treat? & How to treat?



Diagnosis vs Treatment

Treatment:

Pathway targeted therapy

Rx



Goals of Breast Cancer 

Treatment

• Local/Regional Treatment: to control/eliminate 
disease in breast and regional lymph nodes

– Surgery

– Radiation Therapy

• Systemic Treatment: to control/eliminate 
disease in distant organs

– Chemotherapy

– Endocrine/Hormonal Therapy

– Other Targeted Therapy (e.g. Herceptin)



Systemic Therapy for 

Breast Cancer

• Chemotherapy
– “generic” systemic therapy: kills any rapidly-

dividing cells in the body

• Endocrine/Hormonally-active therapy
– Tamoxifen; Aromatase Inhibitors

– Target ER-positive and/or PR-positive breast 
cancer cells

• Herceptin/Trastuzamab
– Targets HER2/neu-positive breast cancer



Of 100 women with breast cancer



Only 25% will develop distant 
metastases



But we treat over 75% of all patients
with chemotherapy



50% of all breast cancer patients 
get a toxic chemotherapy that they 

did not need!



Breast Cancer: 
The Treatment Dilemma

Choices of 40 experts world-wide
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Clinical applications of 
microarrays

WHO 
NEEDS 

THERAPY?

WHICH 
THERAPY WILL 
WORK BEST?

Prognostic factors Predictive factors



Van ‘t Veer, et. al., Nature, (415): 2002,530-536.

Aim: 

to determine whether gene expression profiling could 

predict disease outcome and provide a strategy to select 

patients who would benefit from adjuvant therapy

(metastasis)

Gene expression profiling predicts

clinical outcome of breast cancer



70-gene prognosis classifier for predicting risk

of distant metastasis within 5 years
Van’t veer, et. al.

Supervised
clustering

Poor 
prognosis

Good 
prognosis



Microarray classification vs. 

NIH classification

▪ Classification of 158 

breast cancer 

tumors

▪ Less unnecessary  

chemo-therapy

▪ Identification of 

genes playing a role 

in breast cancerClassical

NIH classification

59%

74%

5 % low risk

95 % high risk

96%

50%

Classification based 

on microarray

39 % low risk

61 % high risk



Microarray to be used as 

routine clinical screen

The Netherlands Cancer Institute in Amsterdam is the first institution in the world 

to use microarray techniques for the routine prognostic screening of cancer 

patients. Aiming for a June 2003 start date, the center will use a panoply of 70 

genes to assess the tumor profile of breast cancer patients and to determine 

which women will receive adjuvant treatment after surgery.

by C. M. Schubert

Nature Medicine 

9, 9, 2003.

MammaPrint











Agendia’s breast cancer prognosis test:

MammaPrint





Personalized medicine: 
multiple answers on a single microarray chip

Prognosis?

Will tumor respond 

to Herceptin?
Will tumor respond 

to crosslinking agents?

Is there a BRCA1

mutation?
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The Oncotype DX® Recurrence Score assay predicts 
the likelihood of adjuvant chemotherapy benefit

It also is a prognostic assay for the risk of distant 
recurrence at ten years assuming five years of 

adjuvant tamoxifen treatment  

Oncotype DX® Recurrence Score assay shows 
consistent results across multiple independent 

studies





Development and Validation of a 21-Gene Assay
for N–, ER+, Tam+ Patients 

Develop real-time RT-PCR method for paraffin block

Select candidate genes (250 genes)

Model building studies 
(N = 447, including 233 from NSABP B-20)

Commit to a single 21-gene assay

Validation studies in NSABP B-14 and 
Kaiser Permanente

YEAR

2001

2002

2002

2003

2003

Paik et al. N Engl J Med. 2004;351:2817-2826.



Study site N Node status
ER 

status Treatment

NSABP B-20, Pittsburgh, PA 233 N– ER+ Tamoxifen (100%)

Rush University, Chicago, IL 78
≥ 10 positive 

nodes ER+/–
Tamoxifen (54%)

Chemotherapy (80%)

Providence St. Joseph’s Hospital, 
Burbank, CA 136 N+/– ER+/–

Tamoxifen (41%)
Chemotherapy (39%)

Paik S, et al. SABCS 2003. Abstract 16. 

Cobleigh MA, et al. Clin Cancer Res. 2005;11:8623-8631.

Esteban J, et al. Proc Am Soc Clin Oncol. 2003;22: abstract 3416.

From these studies, 21 genes were selected

35

The Oncotype DX® Gene Panel Was 
Developed from Clinical Trial Evidence

• 250 cancer-related genes were selected based on extensive literature 
review (candidate-gene approach)

• Genes were analyzed for expression and relapse-free interval 
correlations across 3 independent studies of 447 breast cancer patients



16 BREAST CANCER RELATED GENES

Paik S, et al. N Engl J Med. 2004;351:2817-2826.

ER

PR

Bcl2

SCUBE2

GRB7

HER2

Ki-67

STK15

Survivin

Cyclin B1

MYBL2

Stromelysin 3

Cathepsin L2
GSTM1

CD68

BAG1

Beta-actin GAPDH RPLPO GUS TFRC

5 REFERENCE GENES

Estrogen Proliferation HER2 Invasion Others

Paik et al. N Engl J Med. 2004;351:2817-2826.

The Recurrence Score® Result Uses Key Genes 
Linked to Critical Molecular Pathways 



Oncotype DX® 21-Gene 
Recurrence Score® (RS) Assay

Calculation of the Recurrence Score Result

Category RS (0-100)

Low risk RS <18

Int risk RS ≥18 and <31

High risk RS ≥31

Paik et al. N Engl J Med. 2004;351: 2817-2826

RS =

Coefficient x Expression Level

+ 0.47 x HER2 Group Score 

- 0.34 x ER Group Score 

+ 1.04 x Proliferation Group Score

+ 0.10 x Invasion Group Score 

+ 0.05 x CD68

- 0.08 x GSTM1

- 0.07 x BAG1



Oncotype DX® Clinical Validation: 
RS as Continuous Predictor
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of recurrence within 10 years?



Recurrence Score® in N-, ER+ patients

Oncotype DX® is a Standardized & 
Quantitative Assay

1) Paik et al. NEJM 2004, 2) Habel et al. Breast Cancer Research 2006 

3) Paik et al. JCO 2006, 4) Gianni et al. JCO 2005

Lower RS’s

• Lower likelihood of recurrence

• Minimal, if any, chemotherapy benefit

Higher RS’s

• Greater likelihood of recurrence

• Clear chemotherapy benefit



The Oncotype DX® Assay 
in Clinical Practice



The Oncotype DX® Assay 
in Clinical Practice

• The Oncotype DX assay has been offered by 

Genomic Health, Inc., since January 2004

• Genomic Health has a CLIA-certified and CAP-

accredited reference lab

• Send tumor block or 6 fixed, paraffin-embedded 

sections (10 µm each) to Genomic Health using the 

Oncotype® Specimen Kit

• Turnaround time: 10-14 days

• Customer Service: 1-866-ONCOTYPE

1-866-662-6897



Patient Cases



• Patient was identified 
as low risk by 
Oncotype DX® with a 
Recurrence Score ®

result of 4

• Patient received 
hormonal therapy 
since she was in a 
group in which 
chemotherapy does 
not provide benefit

Patient Cases



Patient Cases



• Patient was identified 
as high risk by 
Oncotype DX® with a 
Recurrence Score® 

result of 34

• The Recurrence 
Score helped 
convince the patient 
on the likely benefits 
of taking  
chemotherapy given 
the biology of her 
disease

• Patient received 
chemotherapy and 
hormonal therapy

Patient Cases



Tissue of Origin

The Tissue of Origin test, formally a Pathwork test, is a microarray-based gene 

expression test that aids in identifying challenging tumors, including metastatic, 

poorly differentiated, and undifferentiated cancers. TOO is the ONLY FDA-cleared 

test of its type and is a Medicare-reimbursed test.



▪ The Tissue of Origin reports the most likely tissue of 

origin from 15 of the most common tumor types, 

representing 58 morphologies.

▪ 2000 genes, covering 15 tumors types and 90% of all 

solid tumors¹

▪ Extensive analytical and clinical validation.

▪ Statistically significant improvement in accuracy over 

other methods, including IHC²

▪ Leads to a change in treatment 65% of the time.







CGI processes the specimen, runs the Tissue of Origin 

and reports the results to the ordering physician. 

Proprietary analytics are used to interpret the data, and a 

report is generated that provides clear, objective 

information on the Similarity Score for each of 15 tumor 

types, uniquely enabling the healthcare provider to rule in 

or rule out specific tumor types.

Each report includes a pathologist’s interpretation of 

the test results.











(International Society of Heart and Lung Transplantation)





Cardiac Allograft Rejection 

Gene Expression Observation



Deng/Eisen/Mehra et al. 

Am J Transplant 

2006;6:150

▪ Algorithm development

▪ Real-time PCR

▪ 20-gene algorithm to 

distinguish rejection from 

quiescence (AlloMap 

molecular testing)

▪ Candidate gene selection

▪ 285 Leukocyte microarray

▪ Database / literature mining

▪ 252 candidate genes

▪ Validation

▪ Prospective, blinded, 

statistically-powered (n = 270)

▪ Additional samples tested to 

further define performance (n > 

1000)

Development

~1 year
(PCR)

Clinical

Validation

~1 year
(Molecular Test)

Discovery

~2 years
(microarray)

I

II

III

CARGO clinical study summary 





11 AlloMap genes

+ 9 Controls









NPV: Negative Predictive Value

PPV: Positive Predictive Value







The future of cancer diagnosis:
iMedicine!!


