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Clinically Available Molecular  

Diagnostics 

(Chan & Ginsburg, 2011) 

Diagnostic Kits 

Laboratory-developed-tests 

(LDTs) 



  
• Grade 3   •    Grade 1   

Histological grade 

Predicting disease outcome in cancer 

Low risk High risk 

Who to treat? & How to treat? 



Conventional cancer treatment: 

Rx 

Treatment 

Chemotherapy 

Dx 

Diagnosis 

Stage, Grade, IHC 



Personalized cancer 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 



Systemic Therapy for Breast Cancer 

• Appropriate systemic therapy can improve 
breast cancer survival by 20-30% 

• Preoperative (neoadjuvant) systemic therapy 

– can convert locally-advanced/inoperable breast 
cancer to resectable disease 

– can improve ease of surgery for any bulky cancer 

• Success of systemic therapy: 

– COMPLETELY dependent upon having information 
regarding tumor markers (ER, PR, and HER2/neu) 



 
 

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 they did not need! 



Courtesy: Martine Piccart 

Breast Cancer:  
The Treatment Dilemma 

Choices of 40 experts world-wide 

61 y-old, fit, 

postmenopausal 

 

Node negative 

pT = 0.9 cm  

ductal cancer 

ER and PR negative 

HER2 negative 

Grade 2 

48%

25%

15%

4%
8%

0%

10%

20%

30%

40%

50%

60%

N
O

N
E

C
M

Fx6

A
C
x4

TA
M

O
TH

E
R



Who to treat: 
• Prognostic profiles as diagnostic tool 
 -> improved selection for adjuvant therapy  

 

How to treat: 
•  Predictive profiles for drug response 
   -> selection of patients who will benefit most 

Clinical applications of 
microarrays  



Gene expression profiling predicts 

clinical outcome of breast cancer 

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) 

 
 



Breast Cancer – Survival Pre-menopausal 

patients, lymph node negative 

  ~30% die <10 year 

~70% survive >10 year 

traditional diagnostics 

Everyone receives  

chemotherapy...! time (years) 
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Current adjuvant treatment selection criteria: 
 
• NIH (US) consensus criteria: > 95% 
• St Gallen (EU) consensus criteria: > 80% 
   receive adjuvant chemo- and hormonal therapy 
 
 
 As only 30% of these patients develop distant 
metastases, some 50-65% of patients are 
over-treated with adjuvant (chemo)therapy 

Breast Cancer – Survival Pre-menopausal 

patients, lymph node negative 



Identification of gene expression  

changes in breast cancer 

• analyse 98 breast tumors  
• 34 metastases- 
 positive <5 year 

– bad prognosis 
• 44 metastases- 
 negative >5 year 

– good prognosis  
• 18 BRCA1 + 
• 2 BRCA2 + 
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Van’t veer, et. al. 

 98 breast tumors 

analysed 

 34 ‘bad’ vs.  

44 ‘good’ 

 18 BRCA1 + 

 2 BRCA2 + 

 microarray with 

24.000 genes 

 5.000 genes showed 

expressional changes 

 in tumors 

 

Different classes of 

breast tumors...! 



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 cancer Classical  

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. 



“Though each tumor is molecularly unique, 

there exist common transcriptional cassettes 

that underlie biological and clinical properties 

of tumors that may be of diagnostic, 

prognostic and therapeutic significance”. 

 

 Also true for other complex diseases 

Expression profiling & 

clinical application 











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? 



















Formalin-Fixed Paraffin-Embedded 



Poor quality biomolecules: poor quality biomarkers! 

Frozen 

RNA integrity FFPE Protein integrity 









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 Observational 

Study 



CARGO clinical study summary  

• Overview 
– Cardiac Allograft Rejection Gene expression 
Observational study = “CARGO”  
– 8 center, 4-year observational study initiated in 
2001 (22% of US HTx). 
– 629 patients, 4917 post-transplant encounters 

• Hypothesis  
– Gene expression profiling of peripheral blood 
mononuclear cells can discriminate ISHLT grade 0 
rejection (quiescence) from moderate/severe (ISHLT 
grade ≥ 3A) rejection 

• Design & Result 
Prospective, blinded validation study of 20 gene 
algorithm demonstrated ability to distinguish Grade 
3A rejection from quiescence 

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 





11 AlloMap genes 

+ 9 Controls 













 







The future of cancer diagnosis: 
 iMedicine!! 


