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Molecular Testing of Thyroid Cancer

 Diagnostic Value 

Assessment of cytology specimens of undetermined  significance 

 Predictive Value

Identification of oncogenic markers that predict patient response 

to targeted therapies



Part 1

General overview: epidemiology, histologic types 

and major oncogenic drivers in thyroid cancer

Thyroid Cancer

Leading Sites of New Cancer Cases in the US - 2020 Estimates 

@2020, American Cancer Society, Inc., Surveillance Research

American Cancer Society - Cancer Facts & Figures 2020

• the most common endocrine malignancy

• the 5th most common cancer in women

• the chances of developing invasive thyroid cancer is significantly higher in younger women (<50 y)



The Most Common Cancer in Adolescents and Young Adults

@2020, American Cancer Society, Inc., Surveillance Research

Leading Sites of New Cancer Cases in AYA in the US, both Sexes Combined

Nikiforov and Nikiforova. Nat Rev Endocrinol. 2011
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Histological classification 

of thyroid cancer



 Differentiated thyroid carcinoma (DTC) ~93%

 good prognosis

 ~20% local recurrence; ~10% distant metastasis

 Recurrent DTC often becomes less differentiated

 no longer responds to radioactive iodine treatment

 much worse prognosis (10-year survival drops to <10%)

 Poorly differentiated and anaplastic thyroid carcinoma ~ 3-5%

 aggressive tumors with poor prognosis

 poor/no response to radioiodine treatment  limited treatment options

Histology, de-differentiation 

and prognosis

New drug development - targeting signaling pathways

PTC

84%

MTC, 4%

FTC, 2%

PDTC, 4%

ATC, 1%
HCTC, 4%

Other, 1%

Main signaling pathways in Thyroid Carcinogenesis

Nikiforov & Nikiforova, Nat Rev Endocrinol 2011

MAPK and PI3K–AKT pathways

Mechanisms of pathway activation
chromosomal rearrangements

point mutations



Adapted from: Dralle et al. Nat Rev Dis primers. 2015; Greco et al. Clin Man Thyroid Can. 2013

Mutational Profiles of Thyroid Cancer

different prevalences, but  

partially overlapping 

mutational profiles

more aggressive 

↓

higher mutational burden

multiple mutations 

↓

comprehensive testing

Part 2

Diagnostic value: assessment of cytology specimens 

of undetermined  significance



Prevalence:  4-7% of U.S. adults  approximately 5% are malignant

Assessment: fine needle aspiration (FNA)  cytological evaluation

Thyroid nodules

Six Diagnostic Categories associated with Risk of Malignancy and Recommendations for Clinical Management

2017 Bethesda System for Reporting Thyroid Cytopathology

Cibas ES and Ali SZ. THYROID. Volume 27, Number 11, 2017

?? Risk of Malignancy ?? 

~20% of FNA cases

cytology of undetermined 
significance



Molecular Analysis of aspirated tissue has become an important 

tool for assessing cytologically indeterminate nodules 

Diagnostic Value

Risk stratification approaches  Improved diagnosis 

to help reduce unnecessary thyroid surgery

and assist pre-operative patient counseling and surgical planning
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Part 3

Predictive value: detection of molecular biomarkers 

that predict patient response to targeted therapies

Targeted Treatment for Advanced Thyroid Cancer

Cabanillas et al. Endocr Rev. 2019 Jul 19



Targeted Agents for Advanced Thyroid Cancer

Drug (Clinical Trial) Mechanism of Action Tumor Type

Sorafenib (DECISION) Multi-target TKI: BRAF, PDGFR, VEGFR PTC, FTC

Lenvatinib (SELECT) Multi-target TKI: RET, PDGFR, VEGFR1/2/3, FGFR, KIT PTC, FTC

Vandetanib (ZETA) Multi-target RTKI: RET, EGFR, VEGFR MTC

Cabozantinib (EXAM) Multi-target RTKI: RET, MET, VEGFR1/2/3, KIT, FLT3, AXL... MTC
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April 2011

Vandetanib

Nov 2012

Cabozantinib

Nov 2013

Sorafenib

MTC: 45% PR DTC: 40% PR

MTC: 28% PR

DTC: 12% PR

MTC: 25% PR

ATC: 1/3 PR

Feb 2015

Lenvatinib

DTC: 65% ORR

MTC: 36% PR

ATC: 24% PR

vandetanib EGFR

cabozantinib MET, Flt3R, AXL

sorafenib

lenvatinib

vandetanib

cabozantinib

sorafenib

sorafenib

lenvatinib lenvatinib

cabozantinib

sorafenib

lenvatinib

vandetanib

cabozantinib

sorafenib

lenvatinib

diarrhea>HFRS>HTN, fatigue, pain, nausea>long QT

diarrhea>HFRS, weight loss, nausea, fatigue>HTN

HFRS>diarrhea>alopecia>fatigue, rash>weight loss>HTN

diarrhea>fatigue> HTN>weight loss>nausea>headaches

Anti-angiogenic multikinase inhibitors  side effects/adverse events

Grillo et al. Endocrine-Related Cancer. 2018 (adapted)



Dabrafenib + Trametinib BRAF (V600E, V600K) + MEK1/2 inhibitors BRAF V600E+ ATC 

Larotrectinib NTRK inhibitor: TRKA, TRKB, TRKC NTRK fusion+ solid tumors

Entrectinib NTRK inhibitor: TRKA, TRKB, TRKC, ALK, ROS1
NTRK fusion+ solid tumors     
ROS1 fusion+ NSCLC 

Selpercatinib (LIBRETTO) RET inhibitor 
RET mutant+ MTC 
RET fusion+ TC (PTC, PDTC, ATC)

Pralsetinib (ARROW) RET inhibitor 
RET mutant+ MTC 
RET fusion+ TC (PTC, PDTC, ATC)

Mutation-specific inhibitors

Targeted Agents for Advanced Thyroid Cancer

May 2018

Dabrafenib + Trametinib 

Nov 2018

Larotrectinib

Aug 2019

Entrectinib

TC: 5/5 PR n/a

Dec 2020

Pralsetinib

DTC: 89% ORR

MTC: 60%-66% ORR

May 2020

Selpercatinib

TC: 79%-100% ORR

MTC: 69%-73% ORR

ATC: 69% ORR

Selective and potent inhibitors  better response rates and milder side effects

Drug Mechanism of Action Tumor Type

Case 1:  46 yo man with recurrent unresectable 

medullary thyroid cancer (sporadic disease)

12/14

7/14
7/168/14

 2014 R neck mass  total thyroidectomy

 Pathology: Medullary Thyroid Carcinoma 

 Germline RET WT

 additional surgeries due to recurrent sporadic disease extensively involving 

lower neck and mediastinum (eventually, surgery became too risky)



Case 1:  46 yo man with recurrent unresectable sporadic MTC 

RET p.Leu629_Ile638delinsCysAsp 
c.1884_1913delACTGTGCGACGAGCTGTGCCGCACGGTGATinsGTGCGA

Somatic, in-frame insertion/deletion

Molecular mechanisms of oncogenic RET mutations



Case 1:  46 yo man with recurrent unresectable 

medullary thyroid cancer (sporadic disease)

12/14 7/168/14

Targeted therapeutics  ~ 3 years benefit

 MTC w/ somatic RET mutation 

 Cabozantinib (oral TKI) for the treatment of metastatic MTC  quick 

and long-term response (2yrs)

 LOXO-292 (oral RET inhibitor for RET-mutant MTC  ongoing response

11/16

Cabozantinib LOXO-292

10/18

2/19

Case 2:  54 yo man with Poorly Differentiated Thyroid Carcinoma

 Diagnosed in 2013 (51 yo)   FNA (PTC)  Total Thyroidectomy

 Pathology: PTC with areas of poor differentiation

 Very aggressive clinical course (2 recurrences requiring revision surgeries, RAI postponed)

 Pathology: metastatic PTC with lymph nodes entirely replaced by PDTC

9/13
10/13

6/13

3/13 9/15

3/14

Chemo-RT   --- RAI RT

7/14 7/15

progressive disease

refractory to RAI



BRAF V600E

(c.1799T>A)

Case 2:  54 yo man with Poorly Differentiated Thyroid Carcinoma

Long et al., N Engl J Med Nov 13, 2014

Improved Survival in Melanoma with Combined Targeted Therapies 

Dabrafenib (BRAF inhibitor) + Trametinib (MEK inhibitor)

better than Dabrafenib alone better than Vemurafenib alone

Robert et al., N Engl J Med Jan 1, 2015

Phase 3 clinical trials  FDA approval of the dabrafenib-trametinib combination for the treatment of BRAF+ melanoma (2014)



 BRAF V600E positive PDTC 

 Off label treatment: Dabrafenib + Trametinib  enduring response / Stable Disease

Case 2:  54 yo man with Poorly Differentiated Thyroid Carcinoma

9/13

10/13

6/13

3/13

9/15

3/14

Chemo-RT -- RAI RT

7/14 7/15

Dabrafenib + Trametinib 

Targeted therapeutics   ~ 4 years benefit

FDA approved combination treatment with Dabrafenib + Trametinib in May/2018

Case 3:  65 yo man with metastatic PTC (diffuse sclerosing variant)

 Chest CT to follow-up on urticaria revealed a 4 cm 

R paratracheal/mediastinal mass  LN FNA (PTC) 

 Pathology: PTC diffuse sclerosing variant 

10/13

7/13

12/15RAI
Redifferentiation

therapy (trametinib)

4/16 11/16

progressive disease

refractory to RAI

8/13

 RAI



PPL (Exon 22) - NTRK1 (Exon13)

PPL-NTRK1 gene rearrangement 

Farago et al.  Journal of Thoracic Oncology. December, 2015

Vaishnavi et al. Cancer Discovery. January, 2015

Case 3:  65 yo man with metastatic PTC (diffuse sclerosing variant)

10/13
7/13

12/15

RAI
Rediff therapy

(trametinib)

11/168/13

 RAI

 Diffuse sclerosing PTC w/ NTRK1 gene rearrangement 

 LOXO-101 clinical trial  enduring benefit / Complete Response

FDA granted accelerated approval for Larotrectinib in Nov/2018

Targeted therapeutics   ~ 3 years benefit

LOXO-101 (Larotrectinib)

11/16



Molecular Testing of Thyroid Cancer

 Improve Diagnosis

Assessment of thyroid nodules with undetermined cytology

 Improve Patient Management

Identify possible targets for therapeutic intervention

Thank you!


