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Pathology of Thyroid Tumors: Lessons of humility

“No classification is more difficult 

to establish than that of thyroid 

carcinomas….  Of all cancers, 

they teach, perhaps, the greatest 

lessons of all humility to 

histopathologist.”

Prof. Pierre Masson

French-Canadian pathologist 

[1880–1959]

Tumeurs Humaines. Histologie, Diagnostics et Techniquesspoke human tumors, 1956



Lessons for today

1. Thyroid nodules with RAS mutations

2. Testing of actionable biomarkers in advance/aggressive thyroid cancer 



Thyroid nodules

Thyroid nodules are a common clinical problem

• Prevalence of palpable thyroid nodules in iodine-sufficient regions is 5% in women and 1% in men

• Ultrasound can detect thyroid nodules in 19%–68% of randomly selected individuals

• Women and the elderly 

Thyroid nodule → Thyroid cancer???

• 7%–15% of cases depending on age, sex, radiation exposure history, family history, and other 

factors

Thyroid cytopathology is currently the best tool (despite its limitations) to assess the preoperative risk of 

malignancy of a given thyroid nodule



The Bethesda System for Reporting 
Thyroid Cytopathology

Diagnostic Category Risk of Malignancy Management

Non diagnostic or Unsatisfactory 5-10% Repeat FNA

Benign 0-3% Follow-up

Atypia of Undetermined Significance or  
Follicular Lesion  of Undetermined 
Significance   

10-30%
Repeat FNA, 

molecular testing,
or lobectomy 

Follicular Neoplasm or 
Suspicious for Follicular Neoplasm 

25-40%
Molecular testing, 

lobectomy 

Suspicious for Malignancy 50-75%
Near-total

thyroidectomy or 
lobectomy 

Malignant 97-99%
Near-total

thyroidectomy or 
lobectomy 

Cibas and Ali, 2018
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Molecular analysis of FNA samples

Nikiforov, Y. Endocr Pract. 2017



RASmutation in thyroid nodules

190 nodules with indeterminate cytology tested with ThyroSeq v2  

• 45 (23.7%) positive for a molecular alteration  

• 145 (76.3%) negative

RAS family of genes mutations accounted for 46.6 % (21/45) all alterations

RAS mutation in an indeterminate cytology sample is a strong evidence of 

neoplasia (clonal process) although it does not establish the diagnosis of 

malignancy 

RAS mutation in an indeterminate cytology sample is an indeterminate

molecular result 

Valderrabano, P. et al. Endocrine-Related Cancer (2017) 



RAS-mutant follicular cell-derived thyroid nodule 

• Adenomatoid/hyperplastic nodule 

• Follicular adenomas 

• Hürthel cell adenoma 

• Non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP)

• Follicular carcinoma

• Hürthel cell carcinoma 

• Papillary thyroid carcinoma, follicular variant



Variability in the diagnosis of resected RAS-mutant tumors

Marcadis,  A. et al. Surgery 165.1 (2019): 17-24.



RAS mutation = Follicular-pattern



RAS-mutant follicular cell-derived thyroid nodule

Not invasive Invasive 

Nuclear atypia absent

Adenomatoid-Hyperplastic nodule 
Follicular carcinoma

Hürthel cell carcinoma 
Follicular adenoma

Hürthel cell adenoma 

Nuclear atypia present 

NIFTP

Papillary thyroid carcinoma, follicular 
variant (no papillae)

Papillary thyroid carcinoma, classical 
variant (if > 1% papillae are present)







Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

Objectives 

• To determine the key molecular processes associated with malignancy in thyroid nodules with 

indeterminate cytology harboring RAS mutations 

• To improve the preoperative diagnosis and risk assessment 

Materials and methods 

• 61 resected RAS-mutant thyroid nodules at Moffitt discovered by commercially available 

oncogene panels

• Gene expression from the extracted RNA was determined using NanoString analysis 

• PanCancer Pathways Panel: 770 genes from 13 canonical pathways and selected 

reference genes

• PanCancer IO 360 Panel: 750 genes that cover the key pathways at the interface of the 

tumor, tumor microenvironment, and immune response



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

3 cases had concomitant mutations in EIF1AX

1 case had EIF1AX and TERT promoter mutations

1 case had a concomitant RET-PTC1 gene fusion



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations
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RAS-4 RAS-2

RAS-9 RAS-60



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

Unsupervised hierarchical clustering of all genes in the PanCancer Pathways Panel and PanCancer IO  360 
Panel to evaluate the potential value of the gene expression in differentiating histopathological diagnoses 

among RAS-mutant thyroid nodules. 

Relatively  homogeneous population of nodules and no discrete  groups



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

Differentially expressed genes in the PanCancer Pathways Panel with statistical significance after 

adjusting for multiple testing (q < 0.20) that correlated with the five categories. 

Significant correlation between the 5 categories and several genes involved in 

• Cell cycle and apoptosis

• BAX, CCNE2, CDKN2A, CDKN2B, CHEK1, E2F1, GSK3B, NFKB1, and PRKAR2A

• PI3K pathway 

• CCNE2, CSF3, GSKB3, NFKB1, PPP2R2C, and SGK2



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

Differentially expressed genes in the PanCancer IO 360 

Panel with statistical significance after adjusting for 

multiple testing (q < 0.20) that correlated with the five 

categories. 

Significant correlation between the 5 categories and 

several genes involved in

• Angiogenesis

• ANGPT2 and DLL4



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

Increased expression of Angiopoietin-2 from lesions with non-neoplastic appearance  to 
high-risk cancers 

H-score, p-value <0.001 (Pearson's correlation)

Non-neoplastic 
appearance 

Benign neoplasm 
Indeterminate

neoplasm 
High risk malignancy Low risk malignancy 



Molecular Determinants of Thyroid Nodules with Indeterminate Cytology 
and RAS Mutations

ANGPT2 expression is much higher in 
RAS mutant tumors than BRAF mutant 
tumors (p=0.0005)



RAS-mutant thyroid nodules stepwise progression

High risk malignancy Low risk malignancy Benign neoplasm 
Indeterminate

neoplasm 
Non-neoplastic 

appearance 

Cell cycle, apoptosis and PI3K pathway

AngiogenesisAngiogenesis



Angiogenesis is a key step in the development of metastasis 





2015  American Thyroid Association
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CD34



The problem with vascular invasion 

“Tumor cells invading through a vessel wall associated fibrin 

thrombus adherent to intravascular tumor provide clinically 

relevant prediction of distant metastasis.”



The problem with vascular invasion 

2009 CAP Cancer Reporting 

Protocol 

Since 2014 CAP Cancer 

Reporting Protocol 

***** this scenario may still be considered a 

“judgment call” based on current level of evidence

The requirement of fibrin thrombus in the definition of vascular 

invasion is too strict and restrictive 



At Moffitt Cancer Center this is VASCULAR INVASION!!!! 



Lesson #1: The RAS-mutant thyroid nodule 

• A RAS mutation in a thyroid nodule with indeterminate cytology is not diagnostic of 
malignancy 

• The gene expression analysis of RAS-mutant thyroid nodules suggests increasing 
upregulation of key oncogenic pathways depending on their degree of malignancy

• This findings supports the concept of a stepwise progression that starts in early thyroid 
lesions that morphologically have a non-neoplastic

• The role of ANGPT2 as a diagnostic biomarker warrants further evaluation

• These findings support the histological observation that the extent of vascular invasion is key 
factor in the prognosis of RAS-mutant thyroid nodules 

• There is controversy in diagnostic criteria of vascular invasion in thyroid nodules 



Testing of actionable biomarkers in thyroid cancer 

Surgery (with or without radioactive iodine (RAI)) is 

the main treatment modality for thyroid cancer.

Treatment options are limited in the setting of

• RAI-refractory locoregionally recurrent unresectable 

and/or metastatic differentiated thyroid cancer 

• Locoregionally recurrent unresectable and/or 

metastatic medullary thyroid carcinoma  

• Poorly differentiated and anaplastic thyroid carcinomas

60% of thyroid cancers have actionable mutations or 

gene rearrangements

Zehir, Nature Med, 2017 



Testing of actionable biomarkers in thyroid cancer 

BRAFV600E NTRK RET ALK

Differentiated Thyroid 
Cancer* (DTC)

Mutation Fusions Fusions Fusions

Anaplastic Thyroid 
Carcinoma

Mutation Fusions Fusions Fusions

Medullary Thyroid 
Carcinoma 

Mutations 

*Includes PTC, FTC and Hürthle cell carcinoma  



Testing of actionable biomarkers in thyroid cancer 

2021 NCCN Guidelines: 

• Molecular testing has been shown to be beneficial when making targeted therapy decisions, 

particularly related to drug therapies or clinical trial participation.

• Molecular testing should include BRAF, NTRK, ALK, RET, MSI, dMMR, and tumor mutational burden.

2021 ATA Guidelines for Anaplastic Thyroid Cancer

• Once   ATC   diagnosis   is   considered,   assessment   of BRAFV600E mutation  should  be  

expeditiously  performed by IHC and confirmed/expeditiously assessed by molecular testing 

(recommendation 4)

• Molecular  profiling  should  be  performed  at  the  time  of ATC diagnosis to inform decisions  related 

to the use of targeted  therapies,  especially  as  there  are  now  FDA-approved mutation-specific 

therapies in this context. (recommendation 5)

BRAFV600E 



Testing of actionable biomarkers in thyroid cancer 

What is the best methodology and algorithmic approach? 

• Nuclei acid sequencing 

• RT-PCR, pyrosequencing, next generation sequencing (Moffitt STAR) 

• Fluorescence in-situ hybridization 

• Immunohistochemistry (IHC)

• Limited tissue sample, rapid, accessible, inexpensive, histological context 



Determining actionable biomarkers by immunohistochemistry

BRAFV600E (monoclonal antibody clone VE1)

• Pooled sensitivity of 99% (95% confidence interval [CI]: 0.98–1.00) and specificity of 84% (95% 
CI, 0.72–0.91)

• Scoring criteria (Capper criteria) 

• Positive: unambiguous cytoplasmic staining of any intensity (weak, moderate, strong) in a 
substantial fraction of viable tumor cells

• Negative: faint diffuse staining, any type of isolated nuclear staining, weak staining of 
single interspersed cells, or staining of inflammatory cells

• Preanalytical conditions

• Adequate tissue fixation for 12 to 24 hours within 2 hours of tissue collection with 10% 
neutral buffered formalin

• PTC the optimal retrieval time using EDTA is 64 minutes compared with 32 minutes for 
colorectal cancer



Metastatic papillary thyroid carcinoma BRAFV600E (clone VE1)





43PAX8 BRAFV600E

TTF1



Determining actionable biomarkers by immunohistochemistry

BRAFV600E (monoclonal antibody clone VE1)

• Pooled sensitivity of 99% (95% confidence interval [CI]: 0.98–1.00) and specificity of 84% (95% 
CI, 0.72–0.91) in thyroid cancer

• Variability in the scoring criteria

• Positive: unambiguous cytoplasmic staining of any intensity (weak, moderate, strong) in a 
substantial fraction of viable tumor cells

• Negative: faint diffuse staining, any type of isolated nuclear staining, weak staining of 
single interspersed cells, or staining of inflammatory cells

• Preanalytical conditions

• Adequate tissue fixation for 12 to 24 hours within 2 hours of tissue collection with 10% 
neutral buffered formalin

• PTC the optimal retrieval time using EDTA is 64 minutes compared with 32 minutes for 
colorectal cancer



Determining actionable biomarkers by immunohistochemistry

Pan-Trk (clone EPR17341)

• NTRK family of proto-oncogenes includes 
NTRK1 , NTRK2 , and NTRK3 , which encode 
Trk A, Trk B, and Trk C proteins, respectively

• clone EPR17341 reacts with a conserved 
proprietary peptide in C-terminus of TrkA, B 
and C

• Scoring criteria:

• Positive: Cytoplasmic reactivity of various 
intensities above the background in at 
least 1% of viable tumor cells  

• Additional staining patterns (perinuclear, 
membranous, nuclear) depending on 
fusion partner gene

Solomon,  J. et al. Modern Patholoy (2020).



pan-TRK (clone EPR17341)Anaplastic thyroid carcinoma 

with a confirmed TMP3-NTRK1 fusion 

Images courtesy of Jaclyn F. Hechtman, MD



Distribution and frequency of NTRK fusions in different tumors 

Cocco E. et al. Nature Reviews Clinical Oncology (2018)



Thyroid secretory carcinoma 

with a confirmed ETV6-NTRK3 fusion 



Thyroid secretory carcinoma 

with a confirmed ETV6-NTRK3 fusion 



Mammaglobin S-100 

Thyroid secretory carcinoma 

with a confirmed ETV6-NTRK3 fusion 



Determining actionable biomarkers by immunohistochemistry

RET IHC

• Limited data as a biomarker in thyroid cancer 

• Intrinsic limitations in thyroid cancer 

• RET overexpression in non-neoplastic C-cell 

• Need for mutations analysis in MTC (somatic and germline) 

• Need for fusions analysis in DTC 

• EPR2871, 3F8, and ab134100 clones (extrapolation from lung cancer)

• Moderate sensitivity and specificity

ALK IHC

• Limited data as a biomarker in thyroid cancer 

• D5F3 and 5A4 clones (extrapolation from lung cancer) 

• Improved sensitivity, excellent specificity



81 y/o F w/hx PTC, diagnosed at age 75 and treated with total thyroidectomy and bilateral neck dissection
• 2 courses radioactive iodine (unknown dose)
• Recurrence in the lower neck and mediastinum treated with external beam radiation 
• Bilateral sub centimeter pulmonary nodules and R frontal parietal calvarial mass



ALK D5F3

ALK rearrangement is detected in 44% 
of cells by FISH

Images courtesy of Kenian Liu, PhD



Lesson #2: Testing of actionable biomarkers in 
thyroid cancer 

• There is increasing need for actionable biomarkers testing in advanced and 
aggressive thyroid cancer 

• Still a work in progress  and additional studies are needed to assess the 
performance of different methodologies and the development of testing algorithms 

• BRAFV600E (clone VE1) and pan-TRK (clone EPR17341) immunohistochemistry are 
clinical useful  in identifying  targetable alterations in thyroid cancer

• Actionable biomarkers have also DIAGNOSTIC implications and should always be 
interpreted in the context of the histological diagnosis  
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