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Clinical History
• 38-year-old male diagnosed with papillary thyroid carcinoma, classical
type, status post thyroidectomy (2009)
• 7.6 cm tumor
• Gross extrathyroidal extension into skeletal muscle
• Positive margins
• 1 of 2 lymph nodes positive
• Genotyping positive for BRAF p.V600E

• Developed progressive, RAI-refractory PTC (2020)
• Started on levatinib with response

• CT showed many lung nodules (2024)
• Shortness of breath, dry cough
• Increasing mediastinal and hilar lymphadenopathy
• Bilateral pleural effusions



Cytology Findings
Thoracentesis (1.6 L removed)

Immunohistochemistry panel

TTF-1 PAX8 synapto chromo calretinin

WT1 BRAF V600E claudin-4 p53 thyroglobulin



Cytology Report

• DIAGNOSIS: 
High-grade thyroid carcinoma (see note). 

Note: Cytology and cell block preparation show a monomorphic epithelioid 
malignant neoplasm with intracytoplasmic vacuoles. The nuclei are uniform, 
with coarse granular chromatin, and with inconspicuous nucleoli. There are no 
papillary structures (fibrovascular cores) or intranuclear cytoplasmic 
inclusions characteristic of papillary thyroid carcinoma. There is no 
sarcomatoid or pleomorphic morphology. 

Immunohistochemistry - tumor cells are positive for PAX8 and claudin-4. They 
are negative for TTF1, thyroglobulin, synaptophysin, chromogranin, 
calretinin, WT1, S100, SOX10, and ERG. P53 IHC shows wildtype expression 
(normal). BRAF V600E shows weak expression. 

Overall, the cytomorphologic features shows a high-grade thyroid carcinoma. 
The high-grade morphology with loss of TTF1 and thyroglobulin supports 
transformation to anaplastic thyroid carcinoma, epithelial pattern; however, 
the monomorphic morphology and wild-type p53 expression are unusual. NGS is 
recommended to confirm presence of TERT promoter and PIK3CA/PTEN pathway 
mutations to further support anaplastic dedifferentiation. 

Molecular results

DNA Variants: 

Variants of Clinical/Potential Significance: 
BRAF NP_004324.2:p.Val600Glu (NM_004333.6:c.1799T>A) (54%) 
TERT promoter variant (hg19 chr5:g.1295228G>A; c.-124C>T; 
C228T) (51%) 

Variants of Unknown Significance: 
ARID1B NP_001361757.1:p.Gly103Ser (NM_001374828.1:c.307G>A) 
(43%) 
PIK3CA NP_006209.2:p.Ile1058Phe (NM_006218.4:c.3172A>T) (43%) 

Copy Number Variants: 
CDKN2A Loss 
CDKN2B Loss 

Tumor Mutation Burden: 
Low (3.6 mutations per megabase (mutations/Mb)) 



High grade follicular cell-derived 
thyroid carcinoma

Harahap et al., Current Oncology, 2024 

Yoo et al., Nature Comm., 2019 



Argawal et al., Cancers, 2022 

Summary

• While morphology was not typical for PTC or ATC 
on pleural fluid cytology, molecular findings 
of CDKN2A/B loss along with TERT promoter 
mutation support dedifferentiation into ATC. 
• High grade follicular cell-derived thyroid 
lesions share common molecular alterations, 
involving TERT, PIK3CA, AKT1, TP53, and 
CDKN2A/B. 
• CDKN2A loss is significantly associated with 
poor disease-specific survival in patients with 
ATC or advanced DTCs.
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>89-year-old male with recurrent pleural effusion
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Diagnosis

Pleural Fluid:
- Epithelioid mesothelioma.

Note: Immunohistochemistry - tumor cells are positive for calretinin, WT1, and HEG1. They are negative 
for claudin-4 and MOC31. MTAP and BAP1 show loss of expression (abnormal).
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Adenocarcinoma
- Claudin-4
- MOC31
- BerEP4
- B72.3
- CEA
- CD15 (LeuM1)
- BG8
- EMA

Mesothelioma
- HEG1
- Calretinin
- WT1
- D2-40 (podoplanin)
- CK5/6
- EMA
- Desmin

Metastatic Adenocarcinoma versus Mesothelioma
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HEG1

Am J Surg Pathol 2020;44:1143–1148
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HEG1 in Effusion Cytology

Diagnostic Cytopathology. 2021;49:622–632.
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HEG1 and Claudin-4

Histopathology. 2023 Feb;82(3):385-392. 
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J Am Soc Cytopathol. 2023 Mar-Apr;12(2):89-104.
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Mesothelioma
- TP53 (rare)
- CDKN2A FISH
- SNP array
- NGS panels
- Loss of BAP1
- Loss of MTAP
- Loss of Merlin

Mesothelioma versus Reactive Mesothelial Cells
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BAP1, MTAP, and 9p21 FISH on Effusion Cytology

Cancer Cytopathol. 2018 Jan;126(1):54-63.
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BAP1, MTAP, and 9p21 FISH on Effusion Cytology

Cancer Cytopathol. 2018 Jan;126(1):54-63.
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4 Panel Marker (BAP1, MTAP, Merlin, p53)

Mod Pathol. 2022 Oct;35(10):1383-1397.
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Mesothelioma in situ (MIS)

- Rare entity, considered precursor of pleural mesothelioma
- Preinvasive single-layer surface proliferation of neoplastic mesothelial cells.
- Histologically, MIS shows a layer of flat or cuboidal cells with or without cytopathological atypia 

and/or small papillary projections, or small nodules that may show moderate to severe atypia 
- Loss of BAP1 and/or MTAP and/or show CDKN2A homozygous deletion
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Mesothelioma in situ (MIS)

- Not possible to exclude MIS from early stages of invasive diffuse mesothelioma
- Cytopathology may represent the first clue towards the histopathological diagnosis of MIS.
- If either diagnostic or very suspicious for pleural mesothelioma

- With confirmatory surrogate findings (e.g. loss of BAP1 and/or MTAP expression)
- But imaging of typical diffuse pleural mesothelioma is absent
- Possibility of early stage mesothelioma should be considered and diagnosis of MIS could be raised




