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Talk Outline 

• Challenges in clinical molecular diagnostics 

 

• Reality check: NGS in practice 

 

• Large panel testing 
– Added value 

– Added headache 

Dx: Lung adenocarcinoma: an anecdote. 

• 30 year old woman with widely 
metastatic lung adenocarcinoma, 
progressed through multiple lines 
of chemotherapy 

• Nothing targetable identified by 
genomic analysis 

• Plasma NGS run on research basis 
identifies MET amplification 

• Repeat biopsy performed for MET 
FISH, IHC 

• NGS requested on archival tissue 

MET amplification and overexpression 

Crizotinib initiated, with rapid improvement on CT scans after one week. 
Patient died of massive PE after 2 weeks on therapy. 

Where are we now? 

• Clinical demands now 
outpacing capabilities of 
most individual academic 
labs 

• The bar for using 
mutation data to decide 
therapy is getting lower 

• Boundaries between 
research and clinical 
testing getting blurrier 

EGFR mutation? 
EGFR, KRAS, ERBB2, BRAF, PIK3CA, 

ALK, ROS1, RET, MET, TRKB, NRG, MAP2K1 

Circa 2004 Circa 2015 

Next Generation Sequencing Basics 

• Traditional sequencing is Analog 
– All DNA from a sample mixed together 

• See changes present in majority of cells 
• Analyze one section of the genome at a time 

• NGS is digital 
– Individual DNAs separated spatially , sequenced in parallel.   
– Computer recombines individual sequences to give “big picture” 

• can still “zoom in” on individual molecules 

– Enables 
• Assessment of many different targets in one test 
• Identification of sub-populations 
• Analysis of heterogeneous or very small samples 
• Relative quantitation of mutations 

Slide courtesy of Neal Lindeman 
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Panel 
# Genes 
Included 

Targets 
Sensitivity 
(% mutant) 

Mutation 
Copy 

Number 
TRL 

ARUP 48 
Selected 

exons 
5%  

LabCorp 50 
Selected 

exons 
10%  

Mayo 50 
Targeted 
regions 

5-10%  

Response 
Genetics 

37 5-15%  

Life 
Technologies 
Ion Ampliseq 

409 All exons 5%   

FoundationOne 315 
All exons, 
selected 
introns 

>5%    

MSKCC/IMPACT 341 
All exons, 
selected 
introns 

2-5%    

Oncopanel 
(DF/BWCC) 

300 

All exons, 
selected 
introns 

 

>3%    
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Beyond targeted sequencing:  
WES and WGS 

 
 
 
 
 
 
 
 
 

CONSIDERATIONS:  
ACTIONABILITY, INTERPRETABILITY, COST, THROUGHPUT 

Design Findings Capacity Analysis 

Whole genome Everything One Weeks 

Whole exome Potentially 

actionable 

Dozens Days 

Targeted exome Plausibly 

actionable 

Scores Minutes to 

hours 

TP53 Missense_Mutation p.P278R 
EGFR In_Frame_Del    p.ELREA7 46del 
DICER1 Missense_Mutation p.A930V 
LAMA2 Missense_Mutation p.D1491N 
BUB1 Missense_Mutation p.K390N 
PSMB6 Copy Number     Deleted NA 
GUCY2F Missense_Mutation p.E624K 
CACNA1C Missense_Mutation p.R243C 
CD27 Missense_Mutation p.A229E 
CD27 Missense_Mutation p.A229T 
CELSR1 Frame_Shift_Ins p.Y2645f s 
CLIP2 Missense_Mutation p.P924T 
CYP27B1 Missense_Mutation p.G22S 
EIF4A1 Missense_Mutation p.R368H 
FLRT2 Missense_Mutation p.S510L 
LEPR Nonsense_Mutation p.S456* 
METTL13: TNS3    Rearrangement Exon 7 o 
MUC16 Missense_Mutation p.G8597S 
PAN2 Missense_Mutation p.I961V 
PCBP1 Missense_Mutation p.G117R 
POU4F2 In_Frame_Ins    p.56_56G >GG 
PRR16 Missense_Mutation p.T92M 
RAPGEF4 Missense_Mutation p.D654N 
RPH3A Missense_Mutation p.H683D 
RPH3A Missense_Mutation p.H683Q 
SCG2 Missense_Mutation p.L343V 
SH3GL2 Missense_Mutation p.S125L 
SLC3A1 Missense_Mutation p.M610I 
SSH2 Missense_Mutation p.E941K 
STEAP1 Nonsense_Mutation p.G144* 
TM4SF5 Copy Number     Deleted NA 
TRPA1 Missense_Mutation p.L417V 
TTN Missense_Mutation p.A28627 
TTN Missense_Mutation p.V7640I 
UNC119 Nonsense_Mutation p.E68* 
USHBP1 Missense_Mutation p.R270C 
ZNF423 Missense_Mutation p.S613T 
ZNF85 Missense_Mutation p.E106Q 
BBX Missense_Mutation p.K344I 
C14orf15 9       Missense_Mutatio n 
C14orf39 Missense_Mutatio n 
CCNB3 Missense_Mutation p.I1213T 
CCT7 Missense_Mutation p.A363V 

CDC42BPB Missense_Mutatio n 
CDK13 Missense_Mutation p.P440S 
CPNE9 Missense_Mutation p.R502Q 
CUTC Missense_Mutation p.M155V 
DCBLD1 Nonsense_Mutation p.Q221* 
DNAH10 Missense_Mutation p.I1968L 
DYM Missense_Mutation p.H129Y 
FGD5 Missense_Mutation p.K662M 
GALNTL6 Missense_Mutation p.N267Y 
GLTPD2 Copy Number     Deleted NA 
HUWE1 Splice_Site C 
IL25 Frame_Shift_Del p.C168fs 
MKLN1 Missense_Mutation p.H80D 
MORC4 Missense_Mutation p.E660K 
MORC4 Frame_Shift_Ins p.G215fs 
NKAIN2 Nonsense_Mutation p.S102* 
OR13C3 Missense_Mutation p.I101M 
OR2M2 Missense_Mutation p.R299K 
OR51B5 Nonstop_Mutation p.*313L 
PCDHA2 Missense_Mutation p.V418M 
PHACTR1 Missense_Mutation p.D539H 
POC1A Missense_Mutation p.E340K 
POFUT2 Missense_Mutation p.N57S 
PSAPL1 Missense_Mutation p.A73T 
RBM28 Missense_Mutation p.K89R 
RC3H2 Missense_Mutation p.H1108Y 
RPTN Missense_Mutation p.F521S 
S100A7L2 Missense_Mutatio n 
SLC38A10 Missense_Mutatio n 
TAF1L Nonsense_Mutation p.R1679* 
TCF20 In_Frame_Del    p.S246de l 
TECPR1 Missense_Mutation p.W732C 
VMO1 Copy Number     Deleted NA 
ZBTB9 Missense_Mutation p.S105L 
ZCCHC16 Missense_Mutation p.D200N 
ZNF281 Missense_Mutation p.R632Q 
ZNF662 Missense_Mutation p.H214Q 
AREL1 Nonsense_Mutation p.S229* 
C5AR2 Missense_Mutation p.R301W 
MT-ND1 Missense_Mutation p.A147T 
MVB12A Missense_Mutation p.G126R 
NBPF9 Missense_Mutation p.L378M 
ZNF433 Missense_Mutation p.S483L 
ZNF844 Missense_Mutation p.H514D 

Lung Panel  

2 HE to IHC lab for ALK, 
ROS1  

If positive, reflex to FISH. 

H&E and 2USS to 
cytogenetics lab,             

wait a week 

If negative, report.  Testing done. 

H&E reviewed by pathologist to 
confirm adequacy 

H&E + 10 USS to lab for 
dissection/DNA extraction 

Rapid EGFR analysis, 
wait 2 days. 

If negative, report and reflex to 
KRAS 

KRAS pyrosequencing,  

wait 2 days. 

If negative, report and reflex to 
sequencing. 

Pass DNA on for sequencing, wait 3 weeks. 

If positive, report.  Testing done 

If positive, report.  Testing 
done. 

Order 1H&E, 
18 USS 

“The Lung Pie” 

KRAS 
31% 

EGFR 
15% 

BRAF 
6% 

PIK3CA 

3% 

ALK 

3% 

MET 

3% ERBB2 
2% 

NRAS 
1% RET 

1% 

ROS1 
1% 

AKT1 

0% 

HRAS 
0% 

MAP2K1 
0% 

no driver 

34% 
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ALL 

KRAS-mutated tumors 

EGFR-mutated tumors 

BRAF in lung adenocarcinoma 

 

 

Mutated in 6-7% of lung adenocarcinomas. 

 

Only about half are V600E mutations. 

KRAS 
31% 

EGFR 
15% 

BRAF 

6% 

PIK3CA 

3% 

ALK 

3% 
MET 

3% 

ERBB2 
2% NRAS 

1% 

RET 
1% 

ROS1 

1% 

AKT1 
0% 

HRAS 

0% 

MAP2K1 

0% 

no driver 
34% 

W.C. 

• 64yo M, ~15 pack-year 
smoker, quit 1 year prior 
to diagnosis 

• May 2014: diagnosed 
with stage IV lung 
adenocarcinoma 

• Standard testing negative 
for EGFR, ALK, ROS1 

• Started on first-line 
carboplatin/pemetrexed 

 
BRAF c.1799T>A (p.V600E) in 19% of 216 reads 

W.C. 

• Oct 2014:  Mixed response after 4 cycles of 
chemotherapy 

• 10/9/14: started DFHCC protocol 11-023 with 
dabrafenib (BRAF inhibitor) + trametinib (MEK 
inhibitor) 

 

Dabrafenib (BRAF inhibitor) + 
Trametinib (MEK inhibitor)* 

October 2014 March 2015 

*60% overall response rate in the phase 2 trial.   

Images courtesy of Bruce Johnson 
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MET in lung adenocarcinoma 

 

 

Mutated and/or amplified in 3-5% of lung 
adenocarcinomas. 

 

Amplification frequently co-occurs with 
other drivers. 

 

MET splice mutations appear to be 
independent drivers. 

KRAS 

31% 

EGFR 
15% 

BRAF 

6% 

PIK3CA 

3% 

ALK 
3% 

MET 

3% ERBB2 
2% 

NRAS 
1% RET 

1% 

ROS1 

1% 
AKT1 

0% 

HRAS 
0% 

MAP2K1 
0% 

no driver 
34% 

MET intron 13 and 14 deletion mutations 
leading to MET exon 14 dropout P.M. 

Courtesy of Mark Awad and Mizuki Nishino. 

• 64yoF, never smoker, no 
significant past medical history 

• Presented to an ER in Florida 
with right shoulder pain. Plain 
film w/ concern for mass. 

Courtesy of Melanie Johncilla. 

MET amplification  
(~18 copies) 

MET IHC 

MET c.3028G>A (p.D1010N), exon 14  
in 95% (958 of 1011 reads) 
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Initiated crizotinib 

Camidge et al, ASCO 2014 

5/28/14 7/11/14 

Courtesy of Mizuki Nishino. 

Added complexity 

Then: Now: 

Expect 40-50% KRAS mutant 
if heterozygous. 

But only 4% mutant allele 
fraction found in this EGFR 
amplified tumor. 

EGFR c.2235_2250GGAATTAAGAGAAGCA>G (p.ELREA746del), exon 19 
- in 20% of 132 reads 
EGFR c.2369C>T (p.T790M), exon 20 – in <1% of 150 reads 
  

Cannot validate this finding [ddPCR] 

T790M 

WT 

“…many formalin-fixed samples displayed 
disproportionate levels of C>T/G>A changes in the 1-
10% allele frequency range.”  
-Wong et al. BMC Med Genomics. 2014 

http://www.ncbi.nlm.nih.gov/pubmed/24885028
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In clinical practice, NGS provides 
(choose one): 

a. Genomic context, including co-mutated 
oncogenes and tumor suppressor genes 

 

 
b. Detailed analysis of previously under-

examined areas of the genome 

 

 
c. Quantitative mutation analysis, with 

implications for identifying “drivers”, 
“passengers”, and resistance clones 

d. TMI 

 

 
e. All of the above 

 

Topics we didn’t touch: 

• Do you need a matched germline sample? 
– Maybe 

• How deep should you sequence? 
– Depends where you live 

• Do your oncologists know what to do with the 
data? 
– Maybe, maybe not 

• Will you get paid? 
– No guarantees 

Thanks and questions? 


