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Introduction 

 The assessment of thyroid nodules is a common clinical 

problem. 

• Thyroid nodules are common in the adult population 

• Thyroid cancers :  

- 5-15% of thyroid nodules examined by ultrasound and FNA 

- 1% of all cancers 

 

 

 Challenge :  

 - accurately diagnose cancer in these nodules 

 - avoid unnecessary thyroid surgery for benign disease 

 
Yeung, Oncologist 2008 

Hegedus, The New England Journal of Medicine 2004 

DeLellis R, et al.,  WHO 2004 



Cytological diagnosis 
 

Staining 

Fixation  

=  

FFPE  

cell block 

Fine-Needle Aspiration (FNA) 

 Gold standard diagnosis method for thyroid nodules  



Fine-Needle Aspiration (FNA) 

 Gold standard diagnosis method for thyroid nodules  

• Accurate diagnosis of benign and malignant lesion in the majority 
of cases  

• Intrinsic limitations :  

10-26% are diagnosed as indeterminate 

 

• Patients referred to SURGERY -> Histological diagnosis 

• 20-30% incidence of malignancy in the specimens with 
indeterminate cytology 

 

  

Necessary to improve the management of patients 

with indeterminate cytology 

 
Layfield, Cancer J for Clinicians 2009 

Hegedus, The New England Journal of Medicine 2004 



Genetic alterations in thyroid tumors 

Hsiao, Endocr Relat Cancer, 2014 

Xing, Nat Rev Cancer, 2013  

Histological Type Prevalence 
(%) 

Follicular carcinoma   
RAS  40-50 

PAX8/PPAR  30-35 

PIK3CA  < 10 
PTEN  < 10 

Papillary carcinoma   
BRAF  40-60 
RET/PTC  10-20 
RAS  10-20 
TRK  < 5 

Anaplastic carcinoma   
TP53  50-80 
CTNNB1  50-70 
RAS  20-40 
BRAF  20-40 
PIK3CA  10-20 
PTEN  5-15 
AKT1  5-10 

Poorly differentiated carcinoma   
RAS  20-40 
TP53  20-30 
CTNNB1  10-20 
BRAF  10-20 
PIK3CA  5-10 
AKT1  5-10 

 



Molecular biology testing improves FNA diagnosis 

 Several prospective studies have shown that molecular testing 

can improve the FNA diagnosis of thyroid nodules 
 

 The use of these molecular markers is formally recommended 

in the 2009 revised ATA Management guidelines for patients 

with Thyroid nodules and differentiated thyroid cancer 

 

Nikiforov, Nat rev Endocrinol 2011 

DNA mutations 

 

RNA fusion 

transcripts 
 

BRAF (V600) 

KRAS (G12; G13) 

HRAS (Q61; G12) 

NRAS (Q61) 
 

 

 

RET/PTC1 ; 

RET/PTC3 

PAX8/PPAR 



 Not yet applied in daily practice !!!! 

• Sequential mutation testing is performed 

Mutations in BRAF, HRAS, KRAS, NRAS 

RET/PTC and PAX8/PPAR rearrangement  -> RNA 

Other genes : TP53, PIK3CA, AKT1, CTNNB1, PTEN, etc… 

  

•  Large amount of DNA/RNA needed 

• Time / cost 

 

 NEXT GENERATION SEQUENCING (NGS) !  



The Sequencing Explosion 

 The human genome project : Started in 1990 by the NIH & the U.S. 

Department of Energy:  

 Sequence the 3 billion bases of the human genome 

 Discover the 20.000 – 25.000 human genes 

 

 Lasted 13 years Cost 3 billion $ (1$/base) 

 

 
  2007: Craig Venter: 4 years, $100 million 

  2008: James Watson: 2 years, $2 million  

  2009: 6 months, $200,000 

  2010: 1 month, $20,000 

  2011: 2 weeks,  $5,000 

  2012 : 2 weeks, $3,000 

  2015 : <2 days, <$1,000  

NGS 

-> Sanger sequencing (1977) 
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Next Generation Sequencing 

 Definition : 

Technologies that share the ability to massively sequence millions of 

DNA templates in parallel 

 

DNA Library 

Clonal amplification Emulsion PCR 

Parallel 
sequencing 



10 

Next Generation Sequencing 

semiconductor sequencing 

DNA Library 

Clonal amplification 

Parallel 
sequencing 

11 millions wells 
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Sanger Sequencing vs NGS 

 Sanger Sequencing  

 Low throughput (100kb) 

 High cost 

 Slow 

 Low sensitivity (10-30% of mutant 
DNA)  

 -> low coverage depth 

 

 

 Next generation sequencing 

 High throughput (1-100 Gb) 

 Low cost 

 Fast 

 High sensitivity (2-5%) 

 -> high coverage depth 

 



Applications in Oncology 

Next Generation Sequencing 

Whole Genome sequencing (WGS) 

Exome sequencing (WES) 

Targeted Sequencing  

RNA sequencing 



Applications in Oncology 

Next Generation Sequencing 

Whole Genome sequencing (WGS) 

Exome sequencing (WES) 

Targeted Sequencing 

RNA sequencing 



1 run => 1 chip 

50 genes for 16 samples 

-> 10 ng of FFPE DNA 

-> 200€ / sample 

Targeted sequencing -> Gene panels 

-> Commercial panels: 
20 – 400 genes 

-> Custom panels 



RNA sequencing 

RET/PTC 

PAX8/PPARG 

…. 



RNA sequencing 
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NEXT GENERATION SEQUENCING (NGS) : 

 

 
Can NGS improve the diagnosis of FNA specimens with 

indeterminate cytology? 



Nikiforova, J Clin Endocrin Metab 2013 



ThyroSeq Panel 

Mutations detected in 68% of thyroid cancer and in 

only 6% of benign thyroid nodules 

Nikiforova, J Clin Endocrin Metab 2013 

• 228 thyroid samples 

(145 malignant and 83 

benign) 

• 5-10ng of DNA  

-> successful analysis in 

99.6% of samples 



Le Mercier, Histopathology 2014 
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Material and Methods 

 Retrospective study 

 - Inclusion criteria : 

• 34 FNA specimens with indeterminate cytology (2010-2012) 

• Followed by surgery 

 

 

 

Le Mercier, Histopathology 2014 



Materiel and Methods 

34 FNA 

Cell block 

29 => 

DNA 

8 => NC 

Nb of 

reads < 

100.000 

21 => ok 

[DNA] < 2ng/µl 

[Library] < 100ng/ml 

DNA extraction 

Sequencing 

5 => No 

DNA 

13 => ok 

Diff-Quick 

DNA extraction 

Sequencing 

Le Mercier, Histopathology 2014 
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Indeterminate 
n = 34  

Malignant  
n = 7 

Adenoma  
n = 21 

MNG / thyroiditis  
n = 6 

BRAF  
n = 1 

NRAS  
n = 3 

KRAS  
n = 1 

NRAS  
n = 2 

PTEN  
n = 1 

FNA Cancer risk : 20% 

Results 

Le Mercier, Histopathology 2014 

71% 14% 
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Histological diagnosis  

Malignant (n=7) Benign (n=27) 

 

Positive 

(n=8) 

3 NRAS (1 FT-UMP, 1 FVPTC, 1 MIFC)  

1 KRAS (1 MIFC) 

1 BRAF (1 PTC) 

2 NRAS (2 FA)  

1 PTEN (1 FA) 

 

M
o

le
cu

la
r 

Te
st

 

Negative 

(n=26) 

2 (1 FVPTC, 1 MIFC) 24 (3MNG, 3 Thyroiditis, 18 FA) 

Sensitivity        71% 

Specificity        89% 

PPV                    63% 

NPV                   92% 

Accuracy           85% 

 

Results 

Le Mercier, Histopathology 2014 

positive molecular test = Cancer risk : 63% 

negative molecular test = Cancer risk : 8% 

FNA indeterminate = Cancer risk : 20% 
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Indeterminate 
n = 112 

Malignant  
n = 28 

Adenoma  
n = 66 

MNG / thyroiditis  
n = 18 

BRAF  
n = 4 

RAS  
n = 9 

TP53  
n = 1 

RAS  
n = 9 

TP53  
n = 1 

FNA Cancer risk : 25% 

Results 

121 cases -> 112 contributives 

PIK3CA  
n = 1 

RAS  
n = 3 

TP53  
n = 1 

PTEN  
n = 1 

50% 18% 22% 
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Results 

positive molecular test = Cancer risk : 47% 

negative molecular test = Cancer risk : 15% 

FNA indeterminate = Cancer risk : 25% 

Histological diagnosis  

Malignant (n=28) Benign (n=84) 

 

Positive 

(n=30) 

9 RAS (2 PTC, 3 FVPTC, 3 MIFC, 1 FT-

UMP)  

4 BRAF  (1 FT-UMP, 3 PTC) 

1 TP53 + GNAS  (1 MIFC) 

12 RAS (9 FA, 1 Thyroïditis, 2 

colloïde nodules)  

1 PIK3CA  (1 FA) 

1 PTEN (1 FA) 

2 TP53 (1FA, 1 MNG) 

M
ol

ec
ul

ar
 T

es
t 

Negative 

(n=82) 

14 (2 FVPTC, 5 MIFC, 3 PTC, 4 FT-

UMP) 

68 (8 MNG, 6 Thyroiditis, 54 FA) 

Sensitivity        50% 

Specificity        81% 

PPV                    47% 

NPV                   85% 

Accuracy           73% 

 



Nikiforov, Cancer 2014 



ThyroSeq v2 Panel 

+ TERT 

Gene Rearrangements 

RET/PTC 

PAX8/PPARG 

NTRK1 

NTRK3 

ALK 

THADA 

143 FNA with cytological diagnosis FN/SFN 

with known surgical outcome 

(retrospectively and prospectively) 

 

Nikiforov, Cancer 2014 



ThyroSeq v2 Panel 

Nikiforov, Cancer 2014 

FNA Cancer risk : 27% 

FNA & mutation +   
Cancer risk : 83% 

FNA & mutation –  
Cancer risk : 4% 



Conclusion 

 NGS testing is feasible on Thyroid samples 

 On fresh, frozen, FFPE or smear (diff-quick, …) 

 Good results were obtained even with low DNA input (<5ng of 

DNA) 

 Applicable in daily practice  

 

 

 NGS testing can improve diagnosis of FNA 

specimens with indeterminate cytology 

 Mutation positive : higher cancer risk 

 Mutation negative : lower cancer risk 

 

 



Future 

 Validation on a large prospective series 

 Creation and validation of Thyroid specific panel 

 
European Consortium for Thyroid fusion panel : 

RET/PTC 

PAX8/PPARG 

NTRK1 

 

NTRK3 

BRAF 

ALK 

+ Thyroid gene panel 

 BRAF KRAS AKT1 

RET PIK3CA TERT 

NRAS CTNNB1 IDH1 

HRAS TP53 …. 

Rorive, Eur J Endocrinol 2010 
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