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Future of Pathologyé. 

Lab automation 

Digital imaging 
Advanced genetics/ whole genome sequencing 

Information Technology 



A New Paradigm in Cancer Treatment 



A New Paradigm in Cancer Treatment 

Haber, Gray, Baselga Cell 2011 



BCR-ABL Imatinib 

100% CML 
HER2 Trastuzumab 

20-30% IDC 

EGFR Erlotinib/ Gefitinib 

20% Lung adenocarcinomas 

ALK Crizotinib 

3-5% Lung adenocarcinoma 
BRAF V600E PLX4032 

50-60% Melanoma 

BRAF 

1799 T>A 

V600E 
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HER2 Tastuzumab 
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60% Melanoma 
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V600E 
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MGH 
Translational Research Laboratory 

Cancer Patients 

Oncology Clinical trials 

Improved Clinical Use 
of Genotyping 

Basic Research Centers MGH Pathology Specimen 
Repository 

Genotyping 

Å Real-time screening of patient 
tumor  samples for genetic 
alterations. 

 

Å Employing high-throughput 
genotyping technologies. 

 (>100 samples/week) 
 

Å Directing patient therapy based 
on genetic  fingerprint. 

  
 

Prospective 
Enrollment 

Clinical Genotyping in Guiding Therapeutic Decisions 



ÅPlatform and clinical validation 

ÅArchived specimen size and quality 

ÅInformatics 

ÅTurn-around time 

ÅDisease group customer support 

ïPhased roll-out 

ÅFinances and billing 
 

Challenges in Establishing a Clinical Genotyping Program 
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Multiplex PCR Single Base Extension Reaction Capillary Electrophoresis 

Electrophoretic Output 

Increasing  

molecular weight 
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SNAPSHOT Overview 



 

Gene Amino Acid ï cDNA Residue  Gene Amino Acid ï cDNA Residue 

     
AKT1 49G - E17  KRAS G12 - 34G 
   KRAS G12 - 35G 
APC R1114 - 3340C  KRAS G13 - 37G 
APC Q1338 - 4012C  KRAS G13 - 38G 
APC R1450 - 4348C       
APC T1556fs* - 4666_4667insA  NOTCH1 L1575 - 4724T 
   NOTCH1 L1601 - 4802T 
BRAF V600 - 1798G    
BRAF V600 - 1799T  NRAS       G12 - 34G 
   NRAS G12 - 35G 
CTNNB1 D32 - 94G  NRAS       G13 - 37G 
CTNNB1 D32 - 95A  NRAS G13 - 38G 
CTNNB1 S33 - 98C  NRAS Q61 - 181C 
CTNNB1 G34 - 101G  NRAS Q61 - 182A       
CTNNB1 S37 - 109T  NRAS              Q61 - 183A 
CTNNB1 S37 - 110C    
CTNNB1 T41 - 121A  PIK3CA R88 - 263G 
CTNNB1 T41 - 122C  PIK3CA E542 - 1624G 
CTNNB1 S45 - 133T  PIK3CA E545 - 1633G 
CTNNB1 S45 - 134C  PIK3CA Q546 - 1636C 
   PIK3CA Q546 - 1637A 
EGFR G719 - 2155G  PIK3CA H1047 - 3139C 
EGFR T790 - 2369C  PIK3CA H1047 - 3140A 
EGFR L858 - 2573T  PIK3CA G1049 - 3145G 
EGFR E746_A750 - 2235_2249del    
EGFR E746_A750 - 2236_2250del  PTEN R130 - 388C  
EGFR Exon 19 deletions  PTEN R173 - 517C 
   PTEN R233 - 697C 
FLT3 D835 - 2503G  PTEN K267fs*- 800delA  
     
IDH1 R132 - 394C  TP53 R175 - 524G 
IDH1 R132 - 395G  TP53 G245 - 733G 
   TP53 R248 - 742C 
JAK2 V617 - 1849G  TP53 R248 - 743G 
      TP53 R273 - 817C 
KIT D816 - 2447A  TP53 R273 - 818G 
   TP53 R306 - 916C 

SNAPSHOT Genotyping Assay 

16 cancer genes ï 120 described mutations  

ERBB2          Exon 20 insertions 

IDH1              R132 -394C 

IDH1              R132 -395G 

AKT1              49G ï E17 



7-plex Panel 1 

KRAS34 

EGFR2235_49F 

EGFR 2573 

NRAS181 

PI3K1633 
bCat94 

bCat121  

8-plex Panel 2 

EGFR2235_49R 

NRAS38 

BRAF1799 

NRAS182 

PI3K263 bCat122  

bCat95 

TP53.742 

5-plex Panel 3 

NRAS35 

EGFR2236_50F 

EGFR2369 

bcat133 

PI3K1624 

8-plex Panel 4 KRAS35 

EGFR2236_50R 

PTEN517 

FLT3.2503 

PI3K3139 

NOTCH1.4724 

NOTCH1.4802 
TP53.733 

SNAPSHOT v3 

 



EGFR mutation  

Glu746_Ala750del 

(c.2235_2249del) 

Normal 

Lung cancer 

 

SNAPSHOT v3 

 



BRAF mutation 

Val600Glu 

(c.1799T>A) 

Normal 

Melanoma 

 

SNAPSHOT v3 

 



PIK3CA mutation  

His1047Arg 

(c.3140A>G) 

Normal 

Breast cancer 

 

SNAPSHOT v3 

 



Mutational profiling in lung cancers  

KRAS 23% 

No Mutation 40% 

EGFR 15% 

TP53 5% 

IDH1 <1% 

NRAS 1% 

BRAF 2% 
HER2 2% 

PIK3CA 4% 
ALK 3% 

CTNNB1 2% 

AKT 1% 
ROS1 1.5% 



1 

2 

KRAS 

56 isolated 

(58 total) 

EGFR 

36 isolated 

(50 total) 
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Lung Adenocarcinoma: Overlap of Mutations 

Belinda Waltman/ Lecia Sequist 







 



Shaw et al., CCR 2009 

13% 



Rapid Clinical Response to Crizotinib  

Dr. Ignatius Ou, UC Irvine 



Tumor Responses to Crizotinib by Patient 
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30% reduction 

Camidge R et al. Poster 366 presented at the 35th ESMO, 2010 



Progression Free Survival in ALK-positive NSCLC 
Patients Receiving Crizotinib 

Median PFS 9.2 months (95% CI 7.6, 10.3; N=113) 
 

               48% of patients in follow-up for PFS  

Median follow-up for PFS: 8.0 months 
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95% Hall-Wellner Band 

Camidge R et al. Poster 366 presented at the 35th ESMO, 2010 



Timeline for PF2341066 and ALK in NSCLC 

Identification of 

PF2341066  

PF2341066 Inhibits 

ALK activity 

PF2341066 

demonstrates 

cytocidal activity in 

cells exhibiting ALK 

fusion (Pfizer in 

house) 

PF2341066 activity 

in cells exhibiting 

ALK fusion in broad 

screen (MGH-

McDermott) 

Discovery of EML4-

ALK fusions in 

NSCLC (CREST) 

Japan Science & 

Technology Agency) 

2007 

PF2341066 FIP 

May 

2005 2006 2008 2009 

Objective responses 

demonstrated in ALK 

fusion positive 

NSCLC and IMT 

Phase III study of 

ñCrizotinibò in ALK 

positive NSCLC starts 

2010 2011 

FDA Approval of 

Crizotinib in ALK 

positive NSCLC 



MET-amplified esophageal carcinoma (2% prevalence): Crizotinib response 



Day -7 Day 25 

Dr. Ignatius Ou 

MET-amplified NSCLC (<1% prevalence): Crizotinib response 



  

 

    

 

 

62 yo female with several year 

history of vertigo 

 

Midline GBM involving corpus 

collosum 

 

S/P progression following 

Chemo/Rad found to have 

MET amplification 

 

 

2 months on crizotinib 

MET-amplified GBM (3% prevalence): Crizotinib response 



ROS1-translocated NSCLC (1.5% prevalence): Crizotinib response 



Formation of Lung Cancer Mutation Consortium (LCMC) 

 
NIH-funded multicenter genotyping trial with mission of cross-validating platforms 

and accelerating recruitment into clinical trials of targeted agents. 

 

Close collaboration of oncologists, pathologists and molecular diagnosticians 



Mutational profiling in colorectal cancers  

No Mutation 

Identified 
34% 

KRAS 
25% TP53 

21% 

PIK3CA  6% 

NRAS 3% 

APC 4% 

BRAF 7% 

N=250 



Colon Adenocarcinoma: Overlap of Mutations 

KRAS 

 20 isolated 

(36 total) 

TP53 

18  isolated 

(28 total) 

 

APC  

1 NRAS 

3 

PIK3CA 

 

BRAF 

6 isolated 
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1 



Genomic 

TL-09-267     20 ng/panel DNA 

TL-09-285   3.04ng/panel DNA 


