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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)

 FNA = gold standard to differentiate benign nodules 

from malignant nodules

o Sensitivity: 94% - Specificity: 98,5%

o Positive predictive value: 97-99,7%   

o Negative predictive value 90-98%

 Intrinsic limitation in differentiating benign from 

malignant follicular lesions which results in an 

indeterminate cytological diagnosis
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Indeterminate cytology



Classificatio

n

Categories Expected 

incidence

Cancer 

risk

Bethesda¹ III : AUS <7% 5-15%

IV: follicular neoplasm +/- Hurtle cell 6-11% 15-30%

V: suspicious for malignancy 2-8% 60-75%

Royal college of 

Pathologist²

Thy3a: atypia of undetermined significance or follicular lesion of 

undetermined significance

5-15%

Thy3f: follicular neoplasm or suspicious for a follicular neoplasm 15-30%

Thy 4: suspicious for malignancy 60-75%

SIAPEC³

TIR3:inconclusive/indeterminate (follicular 

proliferative)

TIR3A  (low-risk 

indeterminate lesion)

4,8% <10%

TIR3B  (high-risk 

indeterminate lesion)

5,4% 15-30%

TIR 4: probably malignant 3,1% 60-80%

Japan Thyroid 

association⁴

3:indeterminate

A1: follicular neoplasm favor benign 5-15%

A2: follicular neoplasm borderlines 15-30%

A3: follicular neoplasm favor malignant 40-60%

4: Malignancy suspected (not conclusive for malignancy) 80%

Proliferation 

grading system⁵

PF1 : probably benign 8% 7,7%

PF2 : indeterminate

15%

17,7%

PF3:suspicious for malignancy 5% 45,7%

¹Bethesda 2010 Thyroid cytopathology

²The Royal College of Pathologists (2009) Guidance on the Reporting of Thyroid Cytology Specimens. 

³Fadda Pathologica. 2010 

⁴Kakudo 2014 

⁵Rorive 2010
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How to improve the management of patients
with indeterminate cytology?



HOW TO IMPROVE THE MANAGEMENT OF PATIENTS WITH 
INDETERMINATE CYTOLOGY?

17.06.22 10

Biomarkers
Clinical data

Surgery ? 



GENE EXPRESSION

 Afirma – mRNA expression of 

142 genes (USA)

 Rule-out test : exclude 

malignancy

 Sensitivity : 92%/Specificity : 52%
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How to improve the management of patients with 
indeterminate cytology?

Gene expression + thyroid 

cytology:

+/- 5300 hits
( Pubmed 10/2020) 

Alexander NEJM 2012



GENOMIC ALTERATIONS
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How to improve the management of patients with 
indeterminate cytology?

Gene mutation + indeterminate

thyroid FNA:

+/- 1900 hits
( Pubmed 10/2020) 

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 

 



 ATA 2015(Haugen, Alexander, et al., Thyroid. Jan 2016)

 There is currently no single optimal molecular test that can definitively
rule in or rule out malignancy in all cases of indeterminate cytology, and 
long-term outcome data proving clinical utility are needed.

 AUS/FLUS + FN/SFN : molecular testing may be used to supplement
malignancy risk assessment

 European thyroid association 2017

 For cytologically indeterminate nodules consider, if available, the 
detection of BRAF and RET/PTC, and, 
possibly, PAX8/PPARG and RAS mutations. The significance of 
detecting RAS mutations needs to be clarified.

 The substitution of classic mutation detection methods for thyroid FNAs 
with the tNGS approach is most promising, although it has not been 
confirmed in other laboratories. Larger tNGS mutation panels have the 
potential to become a simultaneous rule-in and rule-out test if NPVs >95% 
can be confirmed.

13

(Paschke R, et al. Eur Thyroid J. 2017)

GUIDELINES



14

Next Generation Sequencing: Applications in 

oncology

= targeted NGS



Nikiforov, Cancer 2014

Nikiforov, Thyroid 2015

143 patients with known 

surgical outcome

95 patients with 

known surgical 

outcome



FNA Cancer risk :
2014 : 27%
2015 : 23%

FNA & Test +  Cancer risk 
2014 : 83%
2015 : 77%

FNA & test – Cancer risk  
2014 : 4%
2015 : 3%

+ 2014 : TERT

+ 2015: EIF1AX

Nikiforov, Cancer 2014

Nikiforov, Thyroid 2015



 Thyroseq + thyroid cytology (10/2020) :

 48 results

17
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 112 genes 

 12,135 single nucleotide variations (SNVs) and 

insertions/deletions (indels) (COSMIC hotspots), 

 more than 120 gene fusion (GF) types, 

 abnormal gene expression alterations (GEAs) of 90 genes, 

 copy number alterations (CNAs) in 10 genomic regions in FNA 

samples and in up to 27 genomic regions in tissue samples.

19
Nikiforova, Cancer 2018



 to assign a value to each detected genetic 

alteration based on the strength of association 

with malignancy: 

 0 (no association with cancer), 

 1 (low cancer probability), 

 2 (high cancer probability). 

20
Nikiforova, Cancer 2018



 The values were derived from 

 (i) extensive literature and searchable database review (TCGA, 

cBioPortal, COSMIC, etc.), 

 (ii) in-house database of >1000 thyroid surgical and FNA samples 

with known surgical outcome, 

 (iii) RNA-Seq analysis of thyroid cancer tissue and FNA samples

 (iv) CytoScan analysis of 17 thyroid cancer tissue samples.

21
Nikiforova, Cancer 2018



 Genomic Classifier =sum of individual values of 

all detected alterations, 

 scores 0 and 1:  test negative 

 scores 2 and above :  test positive.

22
Nikiforova, Cancer 2018
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prospective, blinded, multicenter clinical validation 

study
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61% of the nodules yielding a negative test result 

 only 3% residual cancer risk in these nodules  (rate similar to that of benign 

cytology)

 Up to 61% of patients with indeterminate cytology thyroid nodules may avoid 

diagnostic surgery by undergoing multigene genomic classifier testing.

10%
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cancer probabilities varying from 59% to 100%

100% : TERT, TP53, BRAF V600E, fusions NTRK3, BRAF or RET



LIMITATIONS SIMILAR : NOT APPLIED IN DAILY PRACTICE 

WHY?

•Time 

•Cost

•Commercial companies  

•Availability



ERASME EXPERIENCE : CUSTOM THYROID SPECIFIC 

PANEL

 Creation and validation of Thyroid specific panel 

29

Thyroid fusion panel :

RET/PTC

PAX8/PPARG

NTRK1

 THADA

NTRK3

BRAF

ALK

Thyroid gene panel

BRAF KRAS AKT1

RET PIK3CA TERT

NRAS CTNNB1 IDH1

HRAS TP53 PIK3CA

PTEN AXIN1 CDKN2A

EGFR EIF1AX PRKAR1A

APC CDH1 FLT3

SMAD4 VHL GNAS

TSHR RASAL1 PPM1D

CHEK2

26 genes for SNV and 93 gene fusions



APPLICATION

 FNA : indeterminate cytology

 NGS : BRAF V600E mutation

Diagnosis ?

  PTC

17 juin 2022 30



APPLICATION

 FNA : indeterminate cytology

 NGS : RET M918T

 Diagnosis?

  MTC

17 juin 2022 31



RET

 Transmembrane receptor with tyrosine kinase activity

 Oncogenic alterations  constitutive activation

 Rearrangements  fusion : papillary thyroid carcinoma and 

NSCLC (somatic)

 Mutations : medullary thyroid cancer ( somatic or germline), 

multiple endocrine neoplasia 2 (MEN2 - germline)

17 juin 2022 32Subbiah et al. Cancer Discovery 2020



RAPPEL : GERMLINE OR SOMATIC MUTATION

17 juin 2022 33



A GENE MAY HAVE MULTIPLE METHODS OF ONCOGENIC 

ACTIVATION: RET

RET=rearranged during transfection.

Drilon A, et al. Oral presentation. ASCO 

2018. Abstract 102.
34

Non-small cell lung cancer (NSCLC) 

(2%)

Papillary and other thyroid cancers 

(10%-20%)

Pancreatic cancer (<1%)

Salivary gland cancer  (<1%)

Spitz tumours (<1%)

Colorectal cancer  (<1%)

Ovarian cancer  (<1%)

Myeloproliferative disorders  (<1%)

Many others  (<1%)

Most common mutation: RET

M918T

MTC

Sporadic (>60%)

Hereditary (>90%)

KIF5B (most common in lung cancer)

CCDC6 or NCOA4 (most common in thyroid 

cancer)

PPPP

PPPP

Dimerizatio

n
Kinase

P

P

P

P

Direct kinase 

activation

Kinase domain 

mutation

RET fusions are found in many tumour types
RET-activating mutations are found in medullary 

thyroid cancer (MTC)

Activation by ligand-

independent 

dimerization

Covalent disulphide

bonds in cysteine-

rich region

P

P

P

P

P

P

P

P



FUSIONS IN RET GENE ARE ONCOGENIC DRIVERS IN 

NSCLC AND THYROID CANCER; 

INTRA-CHROMOSOMAL INVERSIONS GENERATE THE 

COMMON RET FUSIONS1

35

1. Drilon et al, 

2018;15(3):151-167.

KIF5B-RET
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DELETIONS AND TRANSLOCATIONS ARE OTHER 

MECHANISMS THAT CAN GENERATE FUSIONS1

36

1. Drilon, et al. Nat Rev Clin Ocol. 2018;15(3):151-167.

Gene fusion by 

deletion

Gene fusion by 

translocation 

between two 

different 

chromosomes

RET

P
1

5
.2

P
1

5
.1 P

1
4

P
1
3

P
1

2
.3

3

P
1

2
.3

1

P
1

2
.1

P
1

1
.2

3

P
1

1
.2

1

P
1

1
.1

q
1

1
.1

q
1

1
.2

1

q
1

1
.2

3

q
2

1
.1

q
2

1
.2

q
2

1
.3

q
2

2
.1

q
2

2
.2

q
2

2
.3

q
2

3
.1

q
2

3
.2

q
2

3
.3

1

q
2

3
.3

3

q
2

4
.2

q
2

4
.3

3

q
2

5
.1

q
2

5
.3

q
2

6
.1

2

q
2

6
.1

3

q
2

6
.2

q
2

6
.3

17 juin 2022



RET FUSIONS LEAD TO CONSTITUTIVE ACTIVATION OF 

SIGNALLING; 

CELLULAR LOCALISATION DEPENDS ON FUSION PARTNERS 

AND BREAKPOINTS1,2

RET=rearranged during transfection. 

Adapted from: 1. Mulligan LM. Nat Rev Cancer. 2014;14:173-186 and 2. Drilon A, et al. Nat Rev Clin Oncol 2018;15:151-167; 3. Belli C, et al. Ann Oncol. 2020;32:337-350; 4. Yang 

S, et al. Clin Cancer Res. 2021;27(5):1316-1328.
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RET FUSIONS ARE FOUND IN MANY 
TUMOUR TYPES

Lipid 

raft

Lipid 

raft

RE

T
Wild 

type

P P

Ligand-driven 

dimerisation

and signalling

RET-

PTC

P

P

RET 

fusions
proteins 

localised in 

the cytoplasm

RET 

fusions 
proteins localised

to

plasma 

membrane

Lipid 

raft P P

P

P

P

P

RET fusion-induced dimerisation and constitutive signalling 

Non-small cell lung cancer (NSCLC) 

(2%)3,4

Papillary and other thyroid cancers 

(10–20%) 3,4

Other solid tumours: <1% 3,4



RETSEVMO (SELPERCATINIB) IS A POTENT 

AND SELECTIVE RET INHIBITOR

 Selpercatinib was at least 250-fold more selective for RET relative to other kinases1

 Selpercatinib caused significant cytotoxicity in human cancer cell lines that harbored endogenous, 

clinically relevant RET gene alterations (IC50 1-10 nM) and was much less cytotoxic against human 

cancer cell lines without RET alterations (IC50 100-10,000 nM)

 Selpercatinib strongly inhibited the in vitro growth of 4 cell lines harboring RET gene alterations, with 

EC50 values less than 10 nM

 In contrast, Selpercatinib had 60- to 1300-fold less inhibitory anti-proliferative activity against 83 

human cancer cell lines that lacked alterations in the endogenous RET gene

38

EC50=half-maximal effective concentration; IC50=half maximal inhibitory concentration; nM=nanomolar; 

RET=rearranged during transfection.

1. Drilon AE, et al. ASCO 2018. Abstract 102. 2. Drilon A et al. IASLC 2017. Abstract 10955. 3. Gainor J, 

et al. ASCO 2019. Oral presentation
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The right drug, the right dose for the right patient at the right time

Stricker – Semin Oncol 2011



17 juin 2022 40Mock, NEJM, 2009



17 juin 2022 41Zhong et al. Signal Transduction and Targeted Therapy- 2021
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 Between August 1, 2020 and July 31, 2021, the 

FDA has approved 10 new anticancer 

therapeutics that are directed against particular 

molecules or genetic mutations

  Companion diagnostic

17 juin 2022 43



COMPANION DIAGNOSTIC REIMBURSEMENT 

PROCEDURE OF BELGIUM

17 juin 2022 44Govaerts et al. Value Health 2020
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CONVENTION NGS
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CONVENTION NGS

 La convention NGS a comme objectifs :

 d’introduire de manière contrôlée le NGS dans le diagnostic en routine 

clinique

 de garantir l'accès à cette nouvelle technologie dans un cadre médical où 

des formations sont prévues

 d’assurer une exécution uniforme et qualitativement optimale du NGS 

(depuis le moment du prélèvement jusqu'au rapport final) grâce à la 

création d’une collaboration multidisciplinaire au sein des réseaux NGS 

formés d’hôpitaux et de laboratoires qui ont une expertise en oncologie 

médicale, en anatomopathologie, en biologie clinique et en analyse 

génomique

 l’enregistrement des données NGS au niveau national

 de créer des centres de référence qui constitueraient chacun, une plate-

forme de connaissances techniques et cliniques au sein de laquelle, 

principalement, la biologie clinique, l'anatomopathologie et la génétique 

concluraient des accords mutuels et seraient intégrées comme 

partenaires équivalents.

17 juin 2022 47

https://www.inami.fgov.be/fr/professionnels/etablissements-services/laboratoires/Pages/oncologie-remboursement-biologie-moleculaire-ngs.aspx
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https://www.compermed.be/

GUIDELINES BELGES

https://www.compermed.be/
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CASE REPORT

 A 80 y.o. female with a past medical history of a right hemithyroidectomy presented with shortness of breath. Multiple

hypermetabolic pleural nodules associating pleuresia were found.

Leuca et al. ESP 2021 

double morphological component: 

epithelial (papillary architecture), and 

sarcomatoid (spindle-cell architecture) 



17 juin 2022 53

AE1/AE3, TTF-1, PAX8

pleural metastasis of a thyroid carcinosarcoma



Fig.3: ETV6-NTRK3 RNA fusion 

transcript, aligned on chr.15



NTRK gene fusions 



NTRK : NEUROTROPHIC TROPOMYOSIN-RELATED

KINASE

 3 genes  3 proteins

 NTRK 1,2,3,  TrKA, B, C

 Tyrosine kinase receptor

 Neural development

 After embryogenesis, 

expression limited to 

nervous system, testes, 

smooth muscle

17 juin 2022 56



NTRK GENE FUSION

 3’ of NTRK – 5’ 

fusion partner

  chimeric gene 

and protein

 Overexpression 

and constitutive 

activation (ligand 

independant)

 Oncogenic 

properties

17 juin 2022 57



NTRK GENE FUSIONS OCCUR IN A RANGE OF ADULT 

TUMOR TYPES

17 juin 2022 58

Frequent in rare cancers

Rare in frequent cancers



NTRK GENE FUSIONS OCCUR IN A RANGE OF PEDIATRIC 

TUMOR TYPES

17 juin 2022 59



17 juin 2022 60



17 juin 2022 61



NTRK GENE FUSIONS OCCUR WITH MULTIPLE FUSION 

PARTNERS

17 juin 2022 62

ADC, adenocarcinoma; CMN, congenital mesoblastic nephroma; HNSCC, head and neck squamous cell cancer; IFS, infantile fibrosarcoma; SBC, secretory breast cancer; 

MASC, mammary analogue secretory carcinoma; PTC, papillary thyroid cancer. 

1. Vaishnavi A, et al. Cancer Discov. 2015;5(1):25-34. 2. Stransky N, et al. Nat Commun. 2014;5:4846.

Optimal screening methods should detect all fusions, regardless of 

tumor type or fusion partner



TOOLBOX OF THE MOLECULAR PATHOLOGIST
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IHC FISH PCR NGS

Target Protein Gene Gene
DNA/RNA

Gene panel
DNA/RNA

Precision + ++ + +++

Hands on time - +++ + ++

Cost +-++ ++ +-++ +++-++++

TAT 48h 10 days 10 days 10 days

NTRK Yes Yes Yes Yes
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CONSIDERATIONS FOR DETECTING NTRK GENE

FUSIONS

 >150 different fusions described in the literature

 Inconsistent breakpoints and fusion partners

 Large intronic regions

 NTRKs are endogenously expressed in som

tissues



 DNA panels lack of sensitivity

 IHC may lack specificity

 FISH requires at least 3 assays

 RT-PCR only useful to detect 1 specific fusion
17 juin 2022 64



IDENTIFYING NTRK GENE FUSIONS: IHC

 Pan TRK : TrKA, B, C

 Internal control : nerves

 Nuclear, membrane or cytoplasm

 Advantages

 Good screening method : 

 sensitivity 95-100%; specificity : 93-100%

 Widely available

 Short TAT

 Low cost

 Detect only transcribed and translated fusion proteins

 Limited material 

 Limitations

 Preanalytical issues

 Can be positive without gene fusion (muscle or neuronal differentiation)

 Interpretation challenging in tissues such as CNS (physiological expression)  

 Non standardized interpretation

 Some false negative (NTRK3)

 Confirmatory test is necessary

65ESMO guidelines



IDENTIFYING NTRK GENE FUSIONS: FISH

 Break-apart probes

 Advantages

 Novel fusions can be detected

 Sensitivity :94% specificity : 96%

 Limitations

 3 probes

 Expensive

 Time consuming

 Interpretation can be challenging

 Useful for common fusions in cancers that have high 

frequency

66ESMO guidelines, Kirchner et al. 2020



IDENTIFYING NTRK GENE FUSIONS: DNA NGS 

 Need to sequence introns

 Reduced sensitivity

 Detect fusions of unknown functional significance

 Confirmation method 

17 juin 2022 67

DNA

RNA



 Detected transcribed fusions

 Number of detected fusions can vary

 No need to sequence introns

 Better sensitivity than DNA panels

 RNA input varies depending on 

the technologies from 20 to 

200ng

 Sensitivity : 95,3% / specificity : 

100%

  preferred method to detect or 

confirm NTRK gene fusions.

17 juin 2022 68

IDENTIFYING NTRK GENE FUSIONS: RNA NGS 

ESMO guidelines, Kirchner et al. 2020



NTRK ALGORITHME

17 juin 2022 69Hsiao, Zehir, Aisner, Sireci, and Hamilton  -J MolDiagnostics



NTRK ALGORITHME

17 juin 2022 70

Pauwels et al. BJMO 2021
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CASE REPORT
A 76 y.o. female patient presented with abdominal pain and hematochezia. The colonoscopy
revealed an ulcerated rectal tumour.

Fig. 1A: HE (10x)



CASE REPORT
A 76 y.o. female patient presented with abdominal pain and hematochezia. The colonoscopy revealed an ulcerated rectal
tumour. The biopsy showed a moderately differentiated adenocarcinoma (Fig. 1A).
A peritoneal extension was described radiologically, therefore a Next Generation Sequencing (NGS) analysis (Colon & Lung
Cancer panel, Thermo Fischer Scientific) was performed and showed no RAS gene mutation. However, the mutation profile
(Table 1) of the rectal tumour revealed similarities with a molecular test performed on pT1 N0 R0 endometrial
adenocarcinoma diagnosed 3 years before (Fig.1B).

Rectal tumour:

NGS colon & lung cancer panel 

(22 genes, Thermo Fischer Scientific)

Endometrial tumour:

NGS gynaecologic panel 

(17 genes)

p.Y375C (FGFR2)

p.S252W (FGFR2)

p.E542G (PIK3CA) p.T576delT (PIK3R1)

p.N401S (FBXW7) p.R130G (PTEN)



Fig. 1A: HE (10x)

Fig. 1B: HE(10x)

Fig. 3A: PAX8 (10x)

Fig. 3B: SATB2 (10x)

Additionnal immunohistochemistry performed on the rectal tumour showed a positivity
for PAX8 antibody and lack of expression of the SATB2 protein (Fig.3).



CONCLUSION

Our final diagnosis was a rectal

metastasis of the previous endometrial

carcinoma



Pathologie moléculaire et cancer 

colorectal

D’Haene Nicky, MD PhD

Department of Pathology 

Erasme Hospital – Université Libre de Bruxelles (ULB)

Belgium



Introduction

Colorectal Cancer (CRC) is the second most common

cancer in Europe and is responsible for 12% of cancer

deaths

 In 2012, in Europe there were an estimated 447 000 new cases of CRC with 215

000 deaths

One out of four patients has metastasis at initial

diagnosis (Stage IV) and one out of two develops

metastasis

Current therapeutical guidelines for stage IV patients

include a combination of chemotherapy, a cytotoxic

regimen and biological targeted agents (such as anti-

EGFR cetuximab and panitumumab ) Ferlay et al. Eur J Cancer. 2013

http://www.ncbi.nlm.nih.gov/pubmed/23485231


MOLECULAR BIOMARKERS IN CRC
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Tous les patients avec un CRC

MSI : valeur diagnostique, pronostique et/ou prédictive

Tous les patients avec un CRC métastatique

NGS : status RAS et BRAF + emerging biomarkers

Valeur pronostique et/ou prédictive



Lung cancers
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TARGETED THERAPY
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INTRODUCTION

Number of biomarkers to testSample size

Less invasive procedures
EGFR
ALK
ROS1
PDL-1

KRAS, BRAF, MET,  ERBB2, RET,….
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https://www.amp.org/education/education-resources/molecular-in-my-pocket-guides/
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IHC FISH (RT-)PCR NGS

EGFR NOT / + +

ALK + + (+) +

ROS1 / NTRK Screening 
method

Confirmation 
needed

+ (+) +

KRAS / / + +

BRAF + / + +

MET / / + +

RET / + (+) +

Expanded
panel

/ / (+) +
preferred
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