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Molecular Testing 

• Specimen Handling

• Technologies
• IHC

• FISH

• DNA Sequencing

• Next Generation technologies

• Circulating Tumor Cells and CF DNA analysis

• Challenges

What happens to the specimen?

The current state of pathology

Pathology Tour
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Predictive Factors

•What therapy to use??

Estrogen Receptor
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Copyright © American Society of Clinical Oncology

Harvey, J. M. et al. J Clin Oncol; 17:1474 1999

Fig 2. Univariate DFS curves for all possible total IHC scores in patients receiving any adjuvant endocrine therapy 
(almost always tamoxifen)

Nature Reviews Cancer 2; 101‐112 (2002)
ENDOCRINE‐RESPONSIVE BREAST CANCER AND STRATEGIES FOR COMBATING 
RESISTANCE

Simak Ali & R. Charles Coombes

ER
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HER2

HER2  In Situ Hybridization
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Quebec probes flawed cancer tests
Health officials compare faulty breast 
exam results to problems in 
Newfoundland, promise fast action
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National Standards Immuno

Laboratory

HER-2

Laboratory
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Need for HER2 testing in Gastric Cancer

• HER2 gene amplification and HER2 protein overexpression have been 
observed in various solid tumors other than breast, including gastric 
carcinomas

• The rate of HER2 positivity in advanced gastric cancer is comparable to 
that seen in locally advanced and metastatic breast cancer

– using validated methodology, the large sample set from the ToGA 
trial revealed a HER2-positivity rate of 22% in advanced GC 1

• HER2 has predictive value in gastric cancer 2

As in breast cancer, accurate HER2 testing is essential to 
identify patients who may benefit from treatment with HER2 

targeted therapy

1. Bang YJ, et al. J Clin Oncol 2009; 27:Abstract 4556.
2. van Cutsem E, et al. J Clin Oncol 2009; 27:Abstract LBA4509.

ToGA, Design
the first randomized trial investigating a 
targeted treatment for gastric cancer (anti-
HER2)

• Design: Phase III, randomized, open-label, international, multicentre study

• Population: patient with HER2-positive locally advanced or metastatic gastric cancer 
(stomach or GEJ)

• Treatment:

• Primary endpoint: overall survival (OS)
1Van Cutsem et al 2009; 2Bang et al 2009

HER2-positive
advanced GC 

(n=584)

3807 patients screened
810 HER2-positive*

*22.1% HER2 positivity

5-FU / capecitabine†

+ cisplatin
(n=290)

5-FU / capecitabine†

+ cisplatin
+ trastuzumab

(n=294)

†89% of patients 
received 
capecitabine

vs
.

GEJ: gastroesophageal junction

0

In situ hybridization (ISH)*

+–

Eligible for 
trastuzumab

+1 +3

Immunohistochemistry (IHC)

Patient tumour sample

+2

*cut off for FISH, SISH = HER2:CEP17 ratio ≥2

ToGA, Design
identification of HER2 positivity, 
algorithm

+– +– +–

1Van Cutsem et al 2009

~22%
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ToGA, Efficacy
Trastuzumab provides unprecedented 
survival benefit

1Van Cutsem et al 2009H: trastuzumab; C: cisplatin; F: 5-FU; X: capecitabine; CI: confidence interval; HR: hazard ratio
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ToGA, Efficacy
Greater OS benefit in IHC 2+/FISH+ or IHC 3+ 
disease

1Van Cutsem et al 2009

Patients with IHC 2+/FISH+ or IHC 3+ disease 
derive greater benefit 

1Van Cutsem et al 2009H: trastuzumab; C: cisplatin; F: 5-FU; X: capecitabine; CI: confidence interval; HR: hazard ratio
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0

ISH*
Eligible for 

trastuzumab

+1 +3

IHC

Patient tumour sample

+2

*cut off for FISH, SISH = HER2:CEP17 ratio ≥2

ToGA, Outcomes
suggested testing algorithm in clinical 
practice

+–

Equivocal    Retest

1Van Cutsem et al 2009

~16%

FISH Ratio: 0–<2 = no amplification; 2–4 = low-grade amplified; >4 = high-grade amplified

IHC 0 and IHC 1+ subgroups mainly 
made up of low-grade amplified cases

IHC 3+ subgroup mainly 
made up of high-grade 

amplified cases

0–<2 2–4 >4

IHC 0 IHC 1+ IHC 2+ IHC 3+
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N=560 evaluable

FISH ratios within IHC subgroups

Tumour heterogeneity is more 
common in 

gastric cancer

Incomplete membrane staining 
with IHC is more common in 

gastric cancer

Hofmann M, et al. Histopathology 2008; 52:797–805.

Differences in HER2 testing in breast and gastric 
cancers

• Pre-ToGA international validation study investigated 
HER2 testing of 168 gastric cancer samples 

• Histological differences between gastric and breast cancers necessitate 
modifications to the HER2 scoring criteria for gastric cancer
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Score 0 No reactivity 
(at 40x)

IHC: scoring criteria

Complete, basolateral or lateral staining

Staining intensity 
(unequivocal membrane 

staining visible) 

Strong (at 2.5x–5x)

Weak to 
moderate 

(at 10x–20x)

Must be at least:
•5 (clustered) cells for biopsies

•10% in surgical specimens

Score 2+
Barely 
visible 

(at 40x)
Score 1+

Score 3+

Specific membranous tumour staining 
(distinct & intercellular) 

Interpretation of IHC scoring in gastric cancer

• Tumour cells showing complete, basolateral or lateral membrane staining 
should be scored

• Cytoplasmic staining should not be included when interpreting results

• Normal epithelial cells should not be scored

• Artefacts may lead to false positive interpretation

Pre‐
Analytic

Analytical

Post‐
Analytical
Post‐

Analytical

Understanding Variation in Biomarker Analysis

Specimen quality
Preparations

Immunohistochemistry
Use automated system

AQUA ® standardize scoring
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http://www.nasa.gov/images/content/235791main_image_1098_946‐710.jpg

http://news.nationalgeographic.co.uk/news/2009/06/photogalleries/fathers‐day‐2009‐animal‐dads‐
pictures/images/primary/090618‐07‐greatest‐animal‐dads‐emperor‐penguin_big.jpg
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HistoRx™ AQUA System

(AQUA)

Quantify protein expression

 Immunohistochemistry

 Automated image analysis 
(AQUA)

PR DAPI CTK

Composite Magliocco Laboratory

DAB‐IHC vs IF‐IHC

AQUA = Average target pixel intensity/Area of the defined compartment



Molecular Testing 2/6/2014

22

ER AQUA interlab

ER: Pathologist vs AQUA 
(All Patients)

DAB‐IHC                     vs                    AQUA‐IHC

Figure 4

Magliocco Laboratories 
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EGFR Ki67 CTK DAPI

Masking EGFR High vs EGFR Low Tumour Areas

Low EGFR/Ki67 Ratio Predicts Poor Survival

Kaplan‐Meier survival curves measuring the overall disease specific survival based on stratification
by EGFR/Ki67 Ratio. The average ratio for each patient (from replicate histospots) was used and
patients were categorized as having a high ratio if they fell within the top 3 quartiles of expressers
(n=68). Five year estimates for overall survival are 78% for high Ratio patients and 39% for low
Ratio patients.
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AQUA measurment of ERCC1 expression in Nucleus of TMA specimens
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Molecular Classification
and 

Personalized Medicine

’OMIC Revolution
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Comparison of the Expression Profile of Entire Genomes

Difference
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Estrogen 
Receptor

HER2

Basal 
Keratins

EGFR

Molecular 
Portraits

Who does not need treatment?
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86

B‐20 Results:  4% benefit from addition 
of chemotherapy
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Tam vs Tam + Chemo – All 651 Patients

Paik et al. J Clin Oncol. 2006.

4.4% absolute 
benefit from 
tam + chemo 
at 10 years

Oncotype DX B‐20 Results: Only high RS patients show 
large benefit from chemotherapy

28% absolute 
benefit from 
tam + chemo

Paik et al. J Clin Oncol. 2006.
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88

Largest Benefits of Chemotherapy Observed in High 
Risk Groups (NSABP B‐20)

TAMOXIFEN 
+ CHEMO

TAMOXIFEN

10 Yr  Absolute Risk BC Death (%) (95% CI) 

0 5 10 15 20 25 30 35 40

RS <18 RS 18-30 RS ≥31

TECHNOLOGY REVOLUTION
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CARLSON CURVE

Technology Platforms

•Sequenom
•NextGen Seq (massive parallel, NGS)

•CTC
•NanoString
•Array systems

•Digital Image Analysis (AQUA)

• FDA Approved

• FDA Cleared

FDA, CLIA, and Assays

•LDTs (Laboratory Developed Assays)
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Clinical Technologies

SEQUENOM – MASS SPEC for DNA
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Genes Included in the LungCarta 
Panel:
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LungCarta™

26 Oncogenes
214 Selected Mutations
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• ACCURACY

• PRECISION

• Reportable Range

• Reference Range

• Repeatability

• Analytical Sensitivity

• Analytical Specificity 
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Each sample has been run in triplicates in three independent tests performed 
on different days. The descriptive statistics for combined data (n=9) is shown.

Precision/Reproducibility Validation Summary
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Analytical Sensitivity/ Lower Limit of Detection: EGFR

EGFR_L858R
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FFPE Reference Standards containing defined 
ratio of mutant alleles (Horizon Diagnostics) were 
diluted with WT FFPE Reference Standards. 
Samples with mutation frequencies of 50%, 20%, 
10%, and 5 % were run on LungCarta panel in 4 
independent tests.
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(Spectra from a representative run + chart with average+-STD on 4 
runs)
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Next Generation Sequencing
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Next Generation Sequencing

Ion Torrent  MiSEQ

Ion Torrent
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AKT 1 EGFR GNAS NRAS STK 11

ALK ERBB2 KIT PDGFRA TP53

APC FBXW7 KRAS PIK3CA

BRAF FGFR2 MAP2K1 PTEN

CDH1 FOXL2 MET SMAD4

CTNNB1 GNAQ MSH6 SRC

Genes targeted in the TruSight Tumor Panel

Genes selected from NCCN and CAP guidelines, late-stage 
clinical trails and relevant publications for lung, colon, melanoma, 
gastric and  Ovarian

Mutations in genes sequenced (bold and Blue) by Sequenom  in our lab.

NGS 

• Can sequence hundreds of targets to deep 
depths

• Can be applied to FFPE

• Can detect subclones

• Sensitivity based on depth of sequencing

• Can also be used to study expression, 
methylation, copy number, and translocations

Array Based Analysis
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Gene Chip Technology

Estrogen 
Receptor

HER2

Basal 
Keratins

EGFR

Molecular 
Portraits

Molecular Breast Classification
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124

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

PROLIFERATION
Ki-67

STK15
Survivin

Cyclin B1
MYBL2

ESTROGEN
ER
PR

Bcl2
SCUBE2

INVASION
Stromelysin 3
Cathepsin L2

HER2
GRB7
HER2

BAG1GSTM1

REFERENCE
Beta-actin
GAPDH
RPLPO

GUS
TFRC

CD68

16 Cancer and 5 Reference Genes From 3 Studies

Category RS (0 -100)
Low risk RS <18

Int risk RS 18 - 30

High risk RS ≥ 31

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

RS = + 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

Moffitt 5770

Moffitt 2463

Moffitt 2464

Moffitt 2436

Moffitt 2437

Whole Genome View

Solid Tumor Microarray Analysis (FFPE: Breast Cancer #2448)
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Array Based Method Applications

• Transcription analysis

– Breast Cancer Classification

• AGENDIA

• NanoString PAM50

• Comaprative Genomic Hybridization

– LOH 

– CNV

– AMplifications

CIRCULATING TUMOR CELLS
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Automated Optimization of  
Ferrofluid Binding Activity

Circulating Tumor Cell

Automated Optimization of  
Ferrofluid Binding Activity

Anti‐EpCAM‐Ferrofluid

Automated Optimization of  
Ferrofluid Binding Activity

Anti‐EpCAM‐Ferrofluid
binds to CTCs
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Concordance Study

Control HCT-116 cells Cultured HCT-116 EpCaM+ cells were 
run on the Veridex/Janssen Celltracks 
CTC system and evaluated for CK and 
DAPI expression.
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Culture SK-BR-3 spiked in PB
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Variability between technologists is minimal and the CellTracker® system can detect CTCs in human blood as low as 5 cells.  Blood was 
drawn from 4 volunteers and 200, 50, 5, and zero  cultured  and fixed SK‐BR‐3 breast cancer cells were placed in 6.5mls of dilution buffer.  
Then 7.5ml of blood from each donor was added and run as per the normal protocol.    SK‐BR‐3 cells were placed in a CellSearch 
Preservative Tube to more closely mimic how patient samples will be treated and then counted.  Extra cells in the CellSearch Preservative 
Tube were  placed at RT and used for the second day.  The cells were diluted to a concentration of 200 cells/6.5mls of dilution buffer 
(approximately 30mls).  This stock was serially diluted in dilution buffer to evaluate 50 cells/6.5mls buffer, and 5 cells/6.5mls buffer.  The 
dilution buffers containing CTCs were then added to 7.5mls of human blood in duplicate and processed.  The experiment was repeated by 
both John Puskas Ph.D. and Gisela Caceres Ph.D. on two consecutive days using 1 CTC kit. 

Number of cells targeted
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CTCs

• FDA approved for Breast, Colon, Prostate

• Must be analyzed within 48 hrs

• Monitor response to therapy / early 
recurrence in metastatic setting

• Opportunity to use open channel‐ other 
antibody, FISH

• May be complementary to cell free serum 
circulating DNA studies

The TCC Consortium

M2Gen currently partners with several Consortium Sites (including Moffitt) to 
collect patient tissue and data

• Hartford Hospital, Hartford, CT
• St. Joseph’s Candler Health System, 

Savannah, GA
• Greenville Hospital System, Greenville, SC
• Moffitt Cancer Center, Tampa, FL (Coordinating 

Site)
• Baptist Health South Florida, Miami, FL
• Martin Memorial Medical Center, Stuart, FL
• Morton Plant Mease Health Care, Clearwater, 

FL
• Sarasota Memorial Health Care, Sarasota, FL
• Watson Clinic Center for Research, Lakeland, 

FL
• Norton Healthcare, Louisville, KY
• Lehigh Valley Health Network, Allentown, PA
• Billings Clinic, Billings, MT 
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18 Consortium 
Sites

(including MCC)

96,972
Consented Patients

MCC  (62%) 
Sites  (38%)

34,923
Tumors Collected 

MCC  (38%)
Sites  (62%) 

16,226
Gene Expression 

Profiles
(TCC Consented since 

inception)

Data Generated from Specimens 

CEL Files (Gene Expression Data) 16,226  files

Targeted Exome Sequencing 4,016 samples

Whole Exome Sequencing (Ovary, Lung, Colon) 535 samples

Whole Genome Sequencing (Melanoma) 13 samples with normal pairs

SNP/CNV (Lung, Breast, Colon) 559 samples

As of May 29, 2013

Total Cancer CareTM to Date

146As of February 1, 2013

Total Cancer Care to Date
Breakdown of Patient Data by Disease

Patients 
Consented to TCC 

Cancer Registry 
Data Collected

Gene Expression 
Data Available

Sequencing Data 
Available

Disease Site All Alive All Alive All Alive All Alive

Breast 15,932 14,496 15,182 13,734 3,268 2,868 544 467

Prostate 8,998 8,018 8,203 7,219 316 289 57 53

Lung 7,814 4,669 7,397 4,340 2,348 1,296 687 421

Head-Neck 7,129 5,463 6,580 4,920 530 267 186 90

Colorectal 6,434 4,872 5,940 4,412 1,848 1,261 662 441

Kidney 3,294 2,634 2,999 2,345 752 561 231 175

Bladder 2,228 1,475 2,197 1,444 197 81 8 0

Pancreas 2,103 1,060 1,923 904 452 209 188 105

Ovary 1,837 1,369 1,573 1,120 546 315 259 159

Brain 1,553 937 1,396 807 438 206 107 49

Liver 1,125 610 1,027 529 93 47 39 19

Melanoma 685 575 578 470 27 15 10 2

Heterogeneity and tumor evolution

Cell Volume 149, Issue 5, 25 May 2012, Pages 
994–1007

Ding et al, Nature 2012
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Moffitt 5770

Moffitt 2463

Moffitt 2464

Moffitt 2436

Moffitt 2437

Whole Genome View

Solid Tumor Microarray Analysis (FFPE: Breast Cancer #2448)

Figure 1. Representative Laser microdissection of a primary melanoma demonstrating intratumor heterogeneity 
of BRAF mutations.

Yancovitz M, Litterman A, Yoon J, Ng E, et al. (2012)  Intra‐ and Inter‐Tumor Heterogeneity of BRAFV600EMutations  in Primary and Metastatic 
Melanoma. PLoS ONE 7(1): e29336. doi:10.1371/journal.pone.0029336
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0029336
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Types of Biomarkers 

Prognosis

Prediction

Toxicity

What  Treatment ?

Who should avoid 
Treatment ?
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