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Goal of the Session
Present cases that highlight: 

- clinically significant diagnostic challenges in thyroid pathology

- updates from the 2022 World Health Organization Classification of 
Endocrine and Neuroendocrine Tumours 

- advances in our understanding of risk stratification, tumor classification, 
and molecular pathogenesis of thyroid carcinomas 

- how the molecular underpinnings of thyroid carcinomas may impact 
treatment
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Focus on follicular-patterned tumors for first hour.



Case
The patient is a 39-year-old woman with multinodular goiter (MNG) with a 
dominant 4.6 cm nodule in the left lobe of the thyroid. 

FNA was performed of the dominant nodule, and an indeterminate FNA 
diagnosis was obtained.

ThyroSeq v3 was performed, and an NRAS Q61R mutation was detected. 



RAS mutations are the most frequent molecular alterations detected in nodules 
with indeterminate FNA results.

What is the significance of a RAS mutation 
detected on molecular analysis of a 

nodule with an indeterminate FNA result?



504 nodules (73% with indeterminate FNA dx) and ThyroSeq results. 

46% harbored RAS mutations: NRAS (66%), HRAS (21%) or KRAS mutations 
(13%). 



The PPV of RAS mutations for identifying NIFTP or carcinoma among 
Bethesda III/IV nodules was 30%.

The 12 RAS-only-positive carcinomas all showed low-risk features and 
favorable prognosis. 

In the ThyroSeq v3 validation study, reported rates of cancer or NIFTP for 
specific RAS mutations were: 72% for HRAS, 52% for NRAS, and 40% for 
KRAS.



RAS and RAS-like alterations (such as BRAF K601E mutation, PTEN 
mutations, EIF1AX mutations, PPARG fusions, and THADA fusions) are 
associated with a spectrum of encapsulated/well-circumscribed, follicular-
patterned thyroid tumors, that includes:

- follicular adenoma/follicular thyroid carcinoma

- NIFTP/invasive encapsulated follicular variant of papillary thyroid 
carcinoma  

- Poorly differentiated thyroid carcinoma and even anaplastic thyroid 
carcinoma can also have RAS mutations; however, they usually harbor 
additional molecular alterations as well



Back to our patient… 

Some nodules with RAS mutations have morphologic overlap with hyperplastic 
nodules. 



To reflect the fact that some nodules within MNG are clonal, the 2022 WHO 
Classification of Endocrine and Neuroendocrine Tumours has introduced 
the terminology thyroid follicular nodular disease.

Thyroid - Follicular-cell Derived Benign Tumors
Thyroid follicular nodular disease
Follicular adenoma of the thyroid 
Follicular adenoma with papillary architecture
Oncocytic adenoma of the thyroid



Case

The patient is a 49-year-old woman who was incidentally found to have a 
2.2 cm thyroid nodule.  

An FNA was performed and interpreted as atypia of undetermined 
significance with a note indicating the presence of both cytologic and 
architectural atypia. Afirma testing came back with a "suspicious result“ and 
Afirma Xpression Atlas revealed an NRAS Q61R mutation.   

A diagnostic lobectomy was performed.







Nuclear features.



Rendering a Diagnosis of NIFTP

1. Nuclear features of papillary thyroid carcinoma are present.
2. The tumors should have a nearly entirely follicular architecture (<1% 

papillae).
3. The capsule can be variably thick.
4. The capsule must be thoroughly examined for invasion in a fashion similar 

to FA/FTC.
5. Cases with any indication of invasive/infiltrative growth should be excluded.
6. Cases with greater than 30% solid growth or high-grade features, such as 

increased mitotic activity or necrosis should be excluded.



Spectrum of Nuclear Atypia
Marked/
diffuse

Moderate/
multifocal



Nuclear Scoring System

To provide simplified and reproducible criteria for the nuclear features that 
could assist in the diagnosis of NIFTP.

Features were grouped into 3 categories:
1. Size and shape: nuclear enlargement/overlapping/crowding and 
elongation.

2. Nuclear membrane irregularities (irregular contours, grooves, and 
pseudoinclusions).

3. Chromatin characteristics (clearing with margination/glassy nuclei).



Nuclear Score

Can get a total of 3 points:

A score of 0 or 1= benign

A score of 2 or 3=NIFTP (given correct 
growth pattern/architecture)

Chromatin characteristics 
 1 point

Nuclear membrane 
irregularities 1 point

Nuclear enlargement, 
crowding, elongation 1 point



Papillary Architecture
Initial definition of NIFTP allowed for <1% papillae. 

Subsequent studies reporting BRAF V600E and lymph node metastasis in a 
small subset of NIFTPs with <1% papillae led to many in the consensus group to 
advocate a change in definition to allow no well-formed papillae. 



Papillary Architecture
In subsequent studies using the original criteria of <1% true papillae, no adverse 
events were reported. 

As a result of studies like this one, the original criterion allowing less than 1% 
true papillae is unchanged in the 2022 WHO Classification of Endocrine and 
Neuroendocrine Tumours.

235 cases of unifocal 
encapsulated PTC. In the 
noninvasive group, N1 
disease was seen only in 
tumors with >10% papillae.  
“These findings indicate that 
the initial criterion of <1% 
papillae is still valid for the 
diagnosis of NIFTP.”



Nearly Entirely Follicular Architecture



Exclude Papillary Architecture

Classic Papillary Thyroid CarcinomaNOTE: Although the tumor has a predominantly follicular architecture, scattered    
papillae warrant characterization of the tumor as classic PTC.



Evaluating for Papillae

a larger follicles (but lack true fibrovascular cores), do not qualify as true papillae.

Tumor with psammomatous calcifications should also be excluded because 
psammomatous calcifications represent mummified papillae that have undergone 
concentric lamination by calcium.

By definition, papillae have fibrovascular 
cores lined by neoplastic follicular cells. 

Sanderson polsters - collections of small 
follicles that project into the lumen of 



Low power 4x partially encapsulated

Capsule Thickness Can Vary



Partially-encapsulated/ Well-circumscribed 
Tumors

PE/WC FVPTC behave similarly to 
encapsulated FVPTC (no metastatic 
or recurrence potential if completely 
excised) and should be distinguished 
from infiltrative FVPTC.

Vivero, Thyroid, 2013; 23(3): 273-279.

PE/WC FVPTC have molecular alterations similar to encapsulated tumors (with 
RAS mutations and no BRAF V600E mutations) - molecular alterations support 
clinical data indicating that tumors are similar to encapsulated FVPTC.

Howitt, Thyroid, 2013; 23(10): 1257-1262



Exclude Invasive/Infiltrative Growth







Follicular Variant of Papillary Thyroid Carcinoma



Exclude Cases with >30% Solid Growth

.



Exclude High-Grade Features

.



Exclude High Grade Features

.

Case sent in consult, with question – is this a NIFTP? The patient is a 49-year-
old woman with a 4.9 cm thyroid nodule.  



.



.



A. THYROID, TOTAL THYROIDECTOMY:
FOLLICULAR NEOPLASM OF UNCERTAIN MALIGNANT 

POTENTIAL (4.6 cm, by report), see NOTE.

NOTE:  Focally (<5% of the tumor), the tumor demonstrates solid growth and 
increased mitotic activity (8 mitoses per 10 HPFs, Ki67 proliferative index 10-15%). 
Based on this focus, the tumor does not qualify as non-invasive follicular thyroid 
neoplasm with papillary-like nuclear features (NIFTP).  

Encapsulated tumors with high-grade features without capsular penetration or 
vascular invasion are rare. Although there is some evidence that these tumors 
pursue an indolent clinical course (see reference), given the lack of significant 
outcome data in the literature, this tumor should be considered of uncertain biologic 
potential. Clinical follow up is advised.  

Reference:
Rivera M, Ricarte-Filho J, Patel S, Tuttle M, Shaha A, Shah JP, Fagin JA, Ghossein RA. Encapsulated thyroid tumors of 
follicular cell origin with high grade features (high mitotic rate/tumor necrosis): a clinicopathologic and molecular study. Hum
Pathol. 2010 Feb;41(2):172-80.



The Tumor Can Be Large

Evaluated 79 cases of NIFTP > 4cm (mean, 4.0–8.0 cm). No lymph node metastases 
and no recurrences (33%, underwent lobectomy alone). Similar to their small 
counterparts, large NIFTP appear to have an extremely low risk of recurrence (zero in 
this cohort), even when treated conservatively. Surgical treatment alone, including 
lobectomy, appears to be adequate for large NIFTP.



What About Small NIFTP?

If a diagnosis of NIFTP is rendered for a subcentimeter tumor, must be confident 
that the tumor is well circumscribed and lacks papillae.  

These features may be especially challenging to assess when the tumor is <0.5 cm; 
hence, caution is advised for rendering a diagnosis of NIFTP for tumors under half a 
centimeter.

Although most studies on NIFTP used a 
minimum size cutoff of 1 cm, a 2019 study 
of 52 subcentimeter NIFTP showed that 
they have the same indolent behavior as 
larger tumors with the same morphology.



What About NIFTP with Oncocytic Features?

Fine to use NIFTP terminology for tumors with oncocytic cytoplasm.

Original NIFTP study did not mention tumors 
with oncocytic features.

61 patients with oncocytic EFVPTC. 

No distant metastasis, lymph node 
metastases, or structural recurrence in the 
entire cohort (10.2 yr median follow-up time). 



Consider BRAF V600E IHC
IHC (or molecular analysis) interrogating the BRAF V600E mutation status could 
be considered for cases of potential NIFTP with unusual histologic features 
(such as readily identifiable pseudo-inclusions or potential papillae).

IHC for BRAF V600E has demonstrated a high concordance rate with molecular 
methods.

Modified from Ritterhouse, Semin Diagn Pathol, 2015.



Consider BRAF V600E IHC

Howitt, Paulson, Histopathology, 2015.



.



.



.



.



Diagnosis

PAPILLARY THYROID CARCINOMA , see NOTE.

NOTE: Although the tumor appears to have a predominantly follicular 
architecture, the scattered nuclear pseudoinclusions and positivity for 
BRAF V600E by immunohistochemistry suggests that this tumor is best 
considered a classic papillary thyroid carcinoma with a predominantly 
follicular architecture.



Case

The patient is a 43-year-old man who detected a thyroid nodule on self 
examination. Ultrasound revealed a 3.9 cm nodule in the left lobe.

A fine needle aspiration (FNA) was performed and interpreted as suspicious 
for a follicular neoplasm. 

A diagnostic lobectomy was performed.









Encapsulated angioinvasive follicular thyroid carcinoma



Follicular Thyroid Carcinoma

- Capsular invasion

- Vascular invasion

The distinction between follicular adenoma and follicular thyroid carcinoma 
(FTC) is based on the presence of capsular and/or vascular invasion.

Diagnostically challenging aspect of diagnosis/area of controversy:



Criteria for Capsular Invasion

Fletcher CDM, ed. Diagnostic Histopathology of Tumours. 
3rd ed. Edinburgh: Churchill Livingstone Elsevier; 2007.









FTC with macrofollicular architecture



Adjacent adenomatous nodules



FNA-site changes



Hyperplastic nodule with regressive changes



What to do if invasion into, 
but not through, capsule?



2015 AFIP Fascicle and 2022 WHO require:
- Invasion of vessels in tumor capsule or beyond
- Intravascular tumor must be attached to the vessel wall, admixed with fibrin or

covered by endothelium.

Mete and Asa, Mod Pathol, 2011
- Required association of fibrin thrombus – 35% of these cases were associated 

with distant metastases.

Most publications (and pathologists) use the AFIP/WHO definition.

Risk of using more stringent criteria is that tumors with metastatic potential are not 
identified.

Definition of Vascular Invasion



Vascular invasion with endothelial wrapping



Vascular invasion



Vascular invasion 
mimicking capsular invasion 



Vascular invasion



CD31 CD61



NOT vascular invasion



NOT vascular invasion



NOT vascular invasion



Follicular Thyroid Carcinoma 
The 2017 Endocrine WHO (same in 2022 
WHO) moved from classifying follicular 
thyroid carcinoma and oncocytic thyroid 
carcinoma as minimally and widely invasive 
to:

- Minimally invasive (capsular invasion only)
- Encapsulated angioinvasive
- Widely invasive



Extent of Invasion

- Encapsulated 
angioinvasive: 
vascular invasion 
present 
with/without 
capsular invasion

- Widely invasive: grossly 
see tumor invading 
through parenchyma, 
usually also have 
extensive vascular 
invasion- Minimally invasive 

(capsular invasion only)



Vascular Invasion in Follicular 
Thyroid Carcinoma (FTC)

Cohort of 124 patients with FTC:
- Capsular invasion only (~49%)
- Encapsulated angioinvasive (~42%)
- Widely invasive (9%)

Disease-free survival (DFS) was 
significantly improved in patients 
with less invasive tumors. 

40-month DFS: 97%, 81% and 
45%, respectively (P= 0.007).

O’Neill, European Journal of Surgical 
Oncology, 2011. 

Capsular Invasion Only

Encapsulated with Vascular 
Invasion

Widely Invasive



The only two patients with 
an adverse outcome that 
had FTC with capsular 
invasion only had the 
distant metastases at 
presentation.

O’Neill, European Journal of Surgical 
Oncology, 2011. 

Follicular Thyroid Carcinoma (FTC)

For the rare aggressive tumors with 
capsular invasion only, the biologic 
potential is usually clinically evident at 
time of initial diagnosis due to 
presence of distant metastases at the 
time of presentation.



Extent of Vascular Invasion

Cumulative death rate depended on 
extent of vascular invasion



Extent of Vascular Invasion
Focal vascular invasion: <4 foci     Extensive vascular invasion: >4 foci

Foci of vascular invasion that 
are closely adjacent to one 
another are counted as 
separate foci.





Case 
The patient is a 53-year-old man who was found to have a 5.0 cm thyroid nodule 
with an indeterminate FNA result and an NRAS Q61R mutation.  



Encapsulated Angioinvasive Follicular Variant of Papillary Thyroid Carcinoma.



A tumor bed recurrence was detected 
one year later, and a metastasis to the 
right femur was detected 5 years later.   

Roughly 50 lymph nodes were resected 
at various time points that were negative 
for tumor.

These tumors:

- Spread in a similar fashion as FTC not 
PTC.

- Have a molecular profile similar to 
FTC (RAS-like).



To reflect that the biology of invasive encapsulated FVPTC is more similar 
to FTC, it was taken out of the PTC section of the 2022 WHO Classification 
of Endocrine and Neuroendocrine Tumours and given its own section 
between FTC and PTC.

Thyroid - Follicular-cell Derived Malignant Neoplasms
Follicular thyroid carcinoma
Invasive encapsulated follicular variant of papillary thyroid carcinoma
Papillary thyroid carcinoma
Oncocytic carcinoma of the thyroid 
Follicular-derived carcinoma, high-grade
Anaplastic thyroid carcinoma



- Encapsulated 
angioinvasive: 
vascular invasion 
present 
with/without 
capsular invasion

- Widely invasive: grossly 
see tumor invading 
through parenchyma, 
usually also have 
extensive vascular 
invasion- Minimally invasive 

(capsular invasion only)

Invasive encapsulated FVPTC is subdivided in a similar fashion to FTC.



Infiltrative FVPTC









Infiltrative FVPTC
- Spread to lymph nodes in a similar fashion as classic PTC

- Approximately 25% have a BRAF V600E mutation

Because the biology of infiltrative FVPTC is similar to that of classic PTC, it is in 
the PTC section of the 2022 WHO Classification of Endocrine and 
Neuroendocrine Tumours.



The patient is a 33-year-old woman with a known germline DICER1
mutation. 

She had 2 prior thyroid operations when she was age 16 and 20 for 
multinodular goiter (MNG). 

A small amount of thyroid tissue was left behind, and she subsequently 
developed recurrent thyroid nodules.

Fine needle aspiration (FNA) of one of the nodules was performed and was 
suspicious for a follicular neoplasm.

Completion thyroidectomy was performed.

Case





Anglesio et al. J Pathol 2013; 229: 400–409

DICER1 activity is central to the 
synthesis of microRNA (miRNA).

Tumors typically harbor a hotspot 
mutation in the RNase IIIB domain 
along with a loss of function mutation 
that may be germline (in the setting 
of DICER1 syndrome) or somatic. 

Mutations lead to an altered miRNA 
ratio that results in dramatic shifts in 
mRNA profiles and subsequent 
dysregulation of gene expression.



Most frequent manifestation 
is multinodular goiter or 
follicular nodular disease.

Many of these nodules have 
histologic features of 
hyperplastic nodules (though 
they can have an 
adenomatous appearance).

These are clonal neoplasms.

Thyroid Manifestations of DICER1 Syndrome



Patients with DICER1 syndrome 
are at increased risk of 
developing thyroid carcinomas.

These are usually indolent 
follicular-patterned tumors 
(minimally invasive FTC or 
minimally invasive encapsulated 
FVPTC most common).

Thyroid Manifestations of DICER1 Syndrome

How common are somatic DICER 1 mutations in thyroid tumors?



DICER1 Mutations in Thyroid Carcinoma
In adults, follicular-patterned thyroid tumors are RAS-mutant predominant 
and have a low rate of DICER1 mutations (present in about 1% of nodules 
undergoing FNA).

DICER1 mutations are enriched in follicular-patterned thyroid tumors 
children, pediatric poorly differentiated thyroid carcinoma and in 
macrofollicular variants of FTC.

DICER1 mutations can be sporadic or germline. 



DICER1 Mutations in Thyroid Carcinoma
In adults, follicular-patterned thyroid tumors are RAS-mutant predominant 
and have a low rate of DICER1 mutations (present in about 1% of nodules 
undergoing FNA).

DICER1 mutations are enriched in follicular-patterned thyroid tumors 
children, pediatric poorly differentiated thyroid carcinoma and in 
macrofollicular variants of FTC.

DICER1 mutations can be sporadic or germline.

For follicular-patterned tumors (with or without invasion and with or 
without nuclear features of PTC) with a background of follicular nodular 
disease consider DICER1 syndrome (especially if patient is young).



Case
A 52-year-old woman with a clinical history of thyroid issues for over 20 years 
presents because her thyroid is leading to uncomfortable fullness in her neck.  

Ultrasound findings are suggestive of goiter.  

An FNA of one of the nodules was diagnosed as suspicious for a follicular 
neoplasm.  

A total thyroidectomy was performed for compressive symptoms.  

The thyroid was 92 grams and demonstrated over 100 discrete nodules. 







Cowden syndrome (CS) is an autosomal dominant disorder most frequently 
caused by a germline mutation in PTEN.

Characterized by the development of multiple hamartomas and carcinomas of 
the thyroid, breast, and uterus.  

Recognition of CS is important so that genetic counseling and cancer 
screening and can be initiated (for women with CS, the lifetime risk of breast 
cancer of 50%).  

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



Pathologic findings in thyroidectomy specimens: 
- Multiple adenomatous nodules
- Follicular adenomas
- Nodular hyperplasia
- Can also have follicular or papillary thyroid carcinoma

Although the constellation of histologic findings in thyroidectomy specimens 
from CS is unusual and should raise the possibility of a diagnosis of CS, the 
findings are not entirely specific for CS.  

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



External beam radiation can produce similar findings (though there is usually 
more fibrosis and atrophy in the gland). In other cases with similar findings, the 
etiology is unclear.  

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



Immunohistochemical staining for PTEN can be used to aid in the diagnosis. The 
sensitivity and specificity of loss of PTEN staining in adenomatous nodules for 
CS is 100% and 92.3%, respectively (Barletta et al, Am J Surg Pathol, 2011).

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



Loss of PTEN staining may be heterogeneous. Roughly a third of CS cases 
show intact expression in some nodules and complete loss of expression in 
other nodules.

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



Loss of PTEN staining may be heterogeneous. Roughly a third of CS cases 
show intact expression in some nodules and complete loss of expression in 
other nodules.

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome



Loss of PTEN staining may be heterogeneous. Roughly a third of CS cases 
show intact expression in some nodules and complete loss of expression in 
other nodules.

Multiple Adenomatous Nodules in the 
Setting of Cowden Syndrome

Can suggest the possibility of CS if see loss of PTEN staining, but 
ultimately a CS diagnosis requires clinical correlation and genetic 

testing.



Case
The patient is a 59-year-old woman who palpated a thyroid nodule.  

Imaging demonstrated a 3 cm nodule in the left lobe.  

A diagnostic hemithyroidectomy was performed after an indeterminate FNA 
diagnosis and a suspicious Afirma result.







Encapsulated Angioinvasive Oncocytic Thyroid Carcinoma



Oncocytic tumors can 
occasionally have areas of 
papillary architecture!

Just as in any other oncocytic 
neoplasm, malignancy is based 
on the presence of invasion.



Think you are looking at a PTC based on 
the papillary architecture.

Some oncocytic neoplasms have 
nuclear contour irregularities.

Once you decide a tumor is oncocytic 
(pay attention to macronucleoli in 
addition to the oncocytic cytoplasm) 
ignore atypia such as contour 
irregularity.

Pitfall



Oncocytic Thyroid Carcinoma (OTC)
- OTC accounts for 3-4% of thyroid 

carcinomas (defined as having >75% 
oncocytic cells). 

- Cells have abundant granular  
eosinophilic cytoplasm and 
prominent nucleoli.

- The risk of malignancy increases with 
size for oncocytic nodules. 

- Prone to infarction after FNA.



Hurthle cell carcinoma  

- No longer considered a subtype of 
FTC in the 2017 Endocrine WHO.

- Based on differences in 
clinicopathologic features and 
molecular alterations.



Hurthle cell carcinoma  

- No longer considered a subtype of 
FTC in the 2017 Endocrine WHO.

- Based on differences in 
clinicopathologic features and 
molecular alterations.

- Referred to as oncocytic thyroid
carcinoma in 2022 WHO

Oncocytic thyroid carcinoma  



Clinical Features of Patients with OTC
- Patients with OTC are diagnosed at an older age than patients with FTC, and 

there is less of a dramatic female to male ratio (1.6:1 versus 2.6:1, SEER 
data).

Modified from Haigh et al, Surgery, 2005. 



Clinical Course of OTC  
OTC was historically considered to be an aggressive differentiated thyroid CA.

Samaan et al, J Clin Endocrinol Metab, 1983



Clinical Course of OTC vs FTC
- OTC may not be more aggressive than FTC when adjusting for other variables.

Haigh et al, Surgery, 2005. 
Utilized SEER data from 1988 to 
1993 followed until 2001

Sugino, Ann Surg Oncol, 2013
Evaluated 73 HCC and 558 FTC treated at a single institution from 
1989 to 2010. 



OTC Compared with Other 
Differentiated Thyroid Carcinomas

Has a higher rate of distant 
metastases (lung, bone).

OTC has a decreased disease-
specific survival even when 
controlling for stage (p<0.001).

Goffredo et al, Cancer, 2013. 



Radioactive Iodine (RAI)
- In contrast to follicular thyroid 

carcinoma, most OTC lack RAI 
uptake (<10% of bone and lung 
metastases of OTC show 
radioactive iodine uptake, Lopez-
Penabad, Cancer, 2003).

- High rate of false negative RAI 
scans with OTC (78% false 
negative, Chindris, J Clin 
Endocrinol Metab, 2015).

Rivera et al. Cancer, 2008

- OTC accounts for a 
significant percentage of 
patients with RAI 
refractory (RAIR) disease.



Molecular Alterations
Molecular profile of OTC and FTC are distinct.

Ganly et al, J Clin Endocr Metab, 2013. 



- Early widespread loss of chromosomes 
leading to a stable near-haploid state.*

- mtDNA mutations in complex I of the 
electron transport chain.

- TERT, TP53, NRAS, DAXX, NF1, and 
CDKN1A, are recurrently altered in 
OTC.

* Often chromosome 7 is maintained, subset also show 
uniparental disomy.



Highlights

- Hyperplastic appearing nodules may be clonal.

- The diagnosis of NIFTP must be rendered carefully in order to preserve the 
fact that it is a tumor with virtually no metastatic or recurrence potential.

- Invasive encapsulated FVPTC has a biology similar to FTC.



Highlights
- Extent of invasion determines the prognosis and treatment for follicular 

thyroid carcinoma, encapsulated FVPTC, and oncocytic thyroid carcinoma.

- For patients (especially young ones) with a follicular-patterned tumor in the 
background of follicular nodular disease, consider DICER1 syndrome and 
Cowden syndrome.

- Oncocytic tumors are clinically distinct from follicular adenoma and FTC. 
They occasionally have papillary architecture and may have some nuclear 
contour irregularities.
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The patient is a 37-year-old woman who was 
found to have a thyroid nodule on physical 
examination. Ultrasound revealed a 1.8 cm mass.  

An FNA was performed and was read as positive 
for papillary thyroid carcinoma (PTC).

A hemithyroidectomy was performed and showed 
classic PTC.

The patient asks whether her tumor has a 
BRAF V600E mutation. 

Case



BRAF V600E
The BRAF V600E mutation is present in 70% of PTC.

Based on the results of large PTC studies, the American Thyroid Association 
(ATA) concluded that BRAF V600E mutation status considered in the context 
of other clinicopathologic parameters incrementally improves risk stratification.

However, because the clinical implications of this incremental difference are 
not clear, the ATA does not recommend routine assessment of BRAF V600E 
mutation status for initial post-operative risk stratification of PTC. 

At BWH, we don’t routinely determine BRAF V600E mutation status.

When might I perform BRAF V600E IHC?



The patient is a 51-year-old man with a thyroid mass. 

Resection demonstrated a 4.2 cm classic PTC with multiple associated foci of 
intrathyroidal spread of tumor and gross extrathyroidal extension with 
involvement recurrent laryngeal nerve.

The patient was treated with radioactive iodine post-operatively, but 
subsequently developed both locoregional recurrences and distant 
metastatic disease which became refractory to radioactive iodine.

Due to disease progression, other systemic therapy options were being 
considered.

Case







IHC for BRAF V600E was performed as was negative.



PAN-TRK Molecular analysis  TPR-NTRK1 rearrangement 



NTRK-Rearranged Thyroid Carcinomas



11 NTRK-rearranged thyroid carcinomas: 10 PTC and one secretory 
carcinoma (SC), in 10 adults and one adolescent. 

NTRK-rearranged thyroid carcinomas were characterized by multinodular 
growth pattern, extensive lymphovascular invasion, and cervical lymph node 
metastases.

Observed gene rearrangements included ETV6-NTRK3 (n = 4, including the 
SC), TPR-NTRK1 (n = 2), RBPMS-NTRK3 (n = 2), SQSTM1-NTRK1 (n = 1), 
SQSTM1-NTRK3 (n = 1), and EML4-NTRK3 (n = 1).



Despite frequent development of recurrent disease and distant metastases, no 
tumor-related death occurred over a median follow-up of 44 months (range 11 
to 471). 

Three patients received NTRK inhibitor therapy, with one patient showing 
complete resolution of disease and two other patients experiencing significant 
decrease of disease burden, highlighting the importance of identifying these 
cases so that NTRK inhibitor therapy can be utilized. 



Edited from Chu et al, 
Mod Pathol, 2020. 



PAN-TRK Immunohistochemistry

PAN-TRK IHC showed a sensitivity of 
58% and specificity of 100% for 
NTRK1/3 rearrangements in BRAF 
V600E-negative PTC.  

PAN-TRK IHC showed a positive 
predictive value of only 11% (for 
the detection of an underlying 
NTRK fusion)…. FISH or 
molecular analysis likely the best 
way to interrogate NTRK fusions.



IHC for PAN-TRK was focally strong but molecular detected a RET/PTC3 fusion, 
indicating a lack of specificity of PAN-TRK IHC.



Thyroid carcinomas can harbor other 
fusions besides NTRK fusions (RET, 
ALK, MET, BRAF). 

Fusion-associated thyroid carcinomas 
show multinodular growth with 
prominent intratumoral fibrosis and 
high rates of lymphovascular invasion, 
extrathyroidal extension, cervical 
lymph node metastases, and an 
associated aggressive clinical course.

ALK-rearranged

Fusion-Related 
Thyroid Carcinomas



Not all PTCs need to have molecular analysis; however, it becomes 
important for patients with advanced disease who require systemic 
therapy.

If you have BRAF V600E IHC start with that. If BRAF V600E is 
negative, molecular analysis is warranted since selective agents may 
be used depending on the alteration found:

- larotrectinib (anti-TRK)
- entrectinib (anti-ALK, ROS1, and TRK), 
- selpercatinib and pralsetinib (both anti-RET), 

These therapies have demonstrated significant efficacy with more 
favorable side effect profiles compared with lenvatinib.





The patient is a 57-year-old man who found a thyroid nodule on self 
examination.

Ultrasound revealed a 4.5 cm nodule.

An FNA was performed and was read as suspicious for a follicular neoplasm.

Thyroseq was performed and showed and NRAS mutation and a TERT
promoter mutation.

Case



TERT Promoter Mutations

The frequency of TERT promoter 
mutations increases with the 
aggressiveness of thyroid tumors.

A TERT promoter mutation along with a 
RAS mutation, suggests the tumor is 
most likely a follicular thyroid carcinoma, 
invasive encapsulated FVPTC, poorly 
differentiated thyroid carcinoma, or an 
anaplastic thyroid carcinoma.

Liu, Endocr Relat Cancer, 2013





Mitoses



Mitoses

Poorly differentiated thyroid carcinoma



PDTC was added to WHO in 2004 but had a general description (lacked specific 
criteria). The 2017 WHO endorsed the Turin consensus criteria for PDTC:

Poorly Differentiated Thyroid Carcinoma (PDTC)

1. Has conventional criteria of malignancy 
(capsular penetration or vascular invasion)

2. Has solid, insular, or trabecular growth
3. Lacks nuclear features of PTC
4. Presence of one of the three:

- Convoluted nuclei
- Mitotic count >3 per 10 HPFs
- Necrosis

No change in criteria for PDTC in the 2022 WHO Classification of Endocrine 
and Neuroendocrine Tumours.



PDTC accounts for roughly ~3% of thyroid malignancies.

The 5- and 10-year survival of patients with PDTC as defined by the Turin 
criteria is approximately 70 and 50%, respectively.

Distant metastases are common, with lung and bone being the most 
frequent sites.

No change in criteria for PDTC in the 2022 WHO Classification of Endocrine 
and Neuroendocrine Tumours.

Poorly Differentiated Thyroid Carcinoma (PDTC)



Pitfalls
1. Don’t notice solid growth and increased mitotic activity – diagnosis of FTC 

rendered. All thyroid tumors should be assessed for 
solid/trabecular/insular growth, increased mitotic activity, and necrosis.

Poorly differentiated thyroid carcinoma often is preceded by a suspicious    
for follicular neoplasm diagnosis on FNA.

2.  Mistake a case of solid variant of PTC for PDTC. In contrast to PDTC, 
solid variant of PTC has maintained nuclear features of PTC.



What are convoluted nuclei?

The nuclei of PDTC are uniform, small, 
and dark.

While there may be irregular contours, 
the chromatin is evenly dispersed (not 
clear) and there are no 
pseudoinclusions.



A note on convoluted nuclei: although many PDTC have convoluted nuclei, it 
is not clear that convoluted nuclei alone (along with solid architecture and 
lack of nuclear features of PTC) warrant a diagnosis of PDTC.

A study published after the Turin proposal did not find convoluted nuclei to 
be prognostically significant.

Many endocrine pathologists don’t render a diagnosis of PDTC on the basis 
of convoluted nuclei alone – require mitoses and/or necrosis.  



The necrosis of PDTC is coagulative necrosis - in 
the area of necrosis you can still see the outlines of 
tumor cells that were previously viable.  

Necrosis secondary to fine needle aspiration 
(especially common in oncocytic tumors) must be 
excluded. 

A mitotic count should be generated using the area 
of highest mitotic activity. Often the area of highest 
mitotic activity is adjacent to the areas of tumor 
necrosis.



IHC is not required to render a diagnosis of PDTC; however, IHC can be 
used to support the diagnosis.

PDTC are positive for PAX8, TTF-1, and thyroglobulin.  

As compared to well-differentiated tumors, TTF-1 and thyroglobulin staining 
is generally weaker in PDTCs.

Thyroglobulin staining often has a dot-like paranuclear pattern.

MIB-1:  The Ki-67 proliferative index has been reported to be below 5% in 
95% of well-differentiated thyroid carcinomas. Most PDTCs have a Ki67 
proliferative index >10% (per Asioli et al, the mean Ki67 for PDTCs is 13%) 
– PDTC tend to have a Ki-67 index of 10-30% (ATC >30%).  

Immunohistochemistry (IHC)
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PDTC – How much is enough?

Aimed to evaluate the percentage of a tumor that needs to show poorly 
differentiated features for it to be regarded as PDTC.
Tumors with a poorly differentiated 
component amounting to at least 10% 
of the tumor had significantly worse 
outcome by Kaplan-Meier analysis 
compared with those in the control 
group (for overall survival, tumor–
specific survival, and relapse-free 
survival).  



PDTC – How much is enough?

Aimed to evaluate the percentage of a tumor that needs to show poorly 
differentiated features for it to be regarded as PDTC.
Tumors with a poorly differentiated 
component amounting to at least 10% 
of the tumor had significantly worse 
outcome by Kaplan-Meier analysis 
compared with those in the control 
group (for overall survival, tumor–
specific survival, and relapse-free 
survival).  

Any amount of a poorly differentiated component qualifies a tumor as poorly 
differentiated thyroid carcinoma.



What is the prognostic significance of 
extent of invasion in PDTC

- Encapsulated 
angioinvasive: 
vascular invasion 
present 

+ focal (<4 foci)
+ extensive (> foci)

- Widely invasive: grossly 
see tumor invading 
through parenchyma, 
usually also have 
extensive vascular 
invasion- Minimally invasive 

(capsular invasion only)



Evaluated the outcome of a cohort of 47 PDTC. Mean patient age 57, mean 
tumor size 4.3 cm, T4 disease 13%, N1 disease 38%, M1 disease at presentation 
in 19%, mitoses average 8 per 10 HPFs, 45% of cases had necrosis, 32% were 
oncocytic, 64% PD component >50% of tumor. 

- 8 (17%) had capsular penetration only

- 5 (11%) had focal vascular invasion (< 4 foci)

- 18 (38%) had extensive vascular invasion (4 or more foci)

- 16 (34%) were widely invasive



Significant difference in DFS in PDTC subgroups among patients with M0 disease at diagnosis. The 
5-year DFS was 100% in patients with tumors with focal invasion (capsular or focal vascular 
invasion), 73% in patients with tumors with extensive vascular invasion, and 17% in patients with 
widely invasive disease.



Significant difference in DFS in PDTC subgroups among patients with M0 disease at diagnosis. The 
5-year DFS was 100% in patients with tumors with focal invasion (capsular or focal vascular 
invasion), 73% in patients with tumors with extensive vascular invasion, and 17% in patients with 
widely invasive disease.

Entirely submit capsule of PDTC to determine extent of invasion and document 
extent of invasion in pathology report.



Case
The patient is a 73-year-old woman who was found to have a neck mass on 
physical examination.  

Ultrasound revealed a 4 cm mass.  

An FNA was performed and was read as positive for PTC and pre-operative 
molecular testing revealed a BRAF V600E mutation and a TERT promoter 
mutation.

A total thyroidectomy was performed.



If a tumor has a BRAF V600E 
mutation and a TERT promoter 
mutation, the tumor is most likely an 
aggressive PTC or an anaplastic 
thyroid carcinoma.

PTC with BRAF and TERT
mutations are at increased risk for 
dedifferentiation.

Liu, Endocr Relat Cancer, 2013

TERT Promoter Mutations







Mitoses numbered 8 per 10 HPF.  No tumor necrosis.



High-grade papillary thyroid carcinoma, hobnail subtype*
* In 2022 WHO subtype is replacing variant.



For many years at MSKCC different criteria were used to render a diagnosis 
of PDTC (Hiltzik, Cancer, 2006). 

They defined PDTC as a follicular cell-derived tumor:
- necrosis and/or >5 mitoses per 10 HPFs
- regardless of the tumor growth pattern 
- regardless of presence of nuclear features of PTC

High-Grade Papillary Thyroid Carcinoma

2017 Endocrine WHO indicated tumors with maintained nuclear features of 
PTC should not be included in the PDTC category.  

Some endocrine pathologists used the terminology PTC with high-grade 
features.



PTC with high-grade features pursue an aggressive clinical course –
more aggressive than PDTC in our small cohort (in terms of DFS and 
DSS).

PTC with high-grade features are molecular distinct with a higher rate of 
BRAF V600E mutations compared to PDTC which is RAS-mutant 
predominant.



Differentiated high-grade thyroid 
carcinoma:

- predominantly HG-PTC 

- pursues an aggressive clinical 
course similar to PDTC

- higher BRAF V600E mutation rate

- higher rate of LN metastases

- more likely to be RAI non-avid



Many are known aggressive subtypes of PTC, but they can also be classic PTC 
(18% in MSK study).  

Columnar cell subtype Hobnail subtype Tall cell subtype

High-Grade Papillary Thyroid Carcinoma



2022 WHO Classification of Endocrine and Neuroendocrine Tumours
has a new chapter on high-grade follicular cell-derived non-anaplastic 
thyroid carcinoma that includes:

- PDTC: defined based on Turin criteria

- Differentiated high-grade thyroid carcinoma: defined as PTC or FTC 
with >5 mitoses per 10 HPFs and/or tumor necrosis

Most differentiated high-grade thyroid carcinomas represent high-grade 
PTCs.



Mitotic count and presence/absence of tumor necrosis needs to be 
evaluated in all thyroid tumors in order to identify high-grade follicular 
cell-derived non-anaplastic thyroid carcinomas.

If the tumor has high-grade features 
and has solid/trabecular/insular (STI)  
growth AND lacks nuclear features of 
PTC, then it is a poorly differentiated 
thyroid carcinoma/

If the tumor has high-grade features 
and has maintained nuclear features 
of PTC or lacks STI growth, then it is 
a differentiated high-grade thyroid 
carcinoma (usually high-grade PTC).



Back to the case



Described by Dr. Lloyd in 2010 (Asioli, Am J Surg, Pathol, 2010). Rare (<1% of 
PTC) aggressive subtype of PTC. In Dr. Lloyd’s original cohort, distant 
metastases were present in 5 of 8 patients and 4 died of disease after a mean 
time of 42.8 months.

Subsequent work has shown that these tumors are:
- Often tumor also has a tall cell component.

- Have a tendency to dedifferentiate (Amacher et al, Am J Surg Pathol, 2015). 

- Frequently harbor the BRAF V600E mutation (80%) (Lubitz, Thyroid, 2014) 
and secondary mutations such as TP53 (15-55%), TERT (45%) and PIK3CA
mutations (28%) (Morandi, Endocr Relat Cancer, 2017).

Hobnail Subtype of PTC



Making the diagnosis:
- Usually occur in older patients  
- Large, invasive tumors

- Architecture can be papillary, 
micropapillary, cribriform, or follicular

- Higher power - cells with nuclear 
pseudo-stratification with nuclei jutting 
out from the apical surface. The nuclei 
show more atypia than most PTC.  
Mitoses usually readily identified.

- Pitfall: Mistake it for classic PTC

Hobnail Subtype of PTC



Ki67 averages 8-10%                                               May have upregulated p53

Hobnail Variant of PTC



The presence of a hobnail component should always be indicated in the 
pathology report.

- 30% or more top line as hobnail  

- <30% focal hobnail features with note indicating less clear prognostic 
significance but potential to pursue an aggressive clinical course.  

Hobnail Subtype of PTC



- ~15% of classic PTC have a hobnail cytomorphology secondary to 
degenerative/ischemic change. 

- Found that these tumors have an outcome similar to classic PTC and lack 
secondary molecular alterations that are frequently associated with true    
hobnail subtype.



Hobnail-like classic PTC are often encapsulated and partially cystic and have 
hyalinized and variably edematous cores.



Can be distinguished from true hobnail subtype based on:
1. Patient age: diagnosed in younger patients (mean age 40 vs 68 yrs)

2. Tumor size:  smaller tumors (mean tumor size 2.1 cm vs 4.0 cm)

3. Invasive growth: lower rate of gross extrathyroidal extension (0 vs 71%)

4. Mitotic activity: all had <3 mitoses per 10 HPF (0 vs 71%)

5. No areas of dedifferentiation 

6. Ki-67 proliferative rate: <5% in all cases (hobnail 85% had Ki67 PI >5%)

7. Lack mutant p53 staining pattern

8. Lack of secondary oncogenic mutations (found in all true hobnail subtype in 

our cohort) 

“Hobnail-like” classic PTC vs True Hobnail 
Subtype



Can be distinguished from true hobnail subtype based on:
1. Patient age: diagnosed in younger patients (mean age 40 vs 68 yrs)

2. Tumor size:  smaller tumors (mean tumor size 2.1 cm vs 4.0 cm)

3. Invasive growth: lower rate of gross extrathyroidal extension (0 vs 71%)

4. Mitotic activity: all had <3 mitoses per 10 HPF (0 vs 71%)

5. No areas of dedifferentiation 

6. Ki-67 proliferative rate: <5% in all cases (hobnail 85% had Ki67 PI >5%)

7. Lack mutant p53 staining pattern

8. Lack of secondary oncogenic mutations (found in all true hobnail subtype in 

our cohort) 

“Hobnail-like” classic PTC vs True Hobnail 
Subtype

Don’t use terminology hobnail-like classic PTC, just diagnose 
as classic PTC.



Case
The patient is a 73-year-old woman who was found to have a neck mass on 
physical examination.  

Ultrasound revealed a 4 cm mass.  

An FNA was performed and was read as positive for papillary thyroid 
carcinoma.

A total thyroidectomy was performed.









Diagnosis
Anaplastic thyroid carcinoma arising in a background papillary thyroid carcinoma, 
see NOTE.

NOTE: The anaplastic component comprised <5% of the tumor.



Anaplastic Thyroid Carcinoma
Although there is variation in the microscopic appearance of ATC. 
Most ATC are:  

1. Spindle cell 
2. Pleomorphic giant cell 
3. Epithelioid
4. Squamoid

Characteristic features:
- Marked pleomorphism
- High proliferative rate
- Infiltrative growth

+ extensive extrathyroidal extension
+ extensive vascular invasion



Keratin positivity is seen in ~80% of ATCs. 

PAX8 is positive in roughly 80% of ATCs.

TTF-1 is usually negative with occasional 
cases that are positive (~10%).

Thyroglobulin is negative in ATC.

BRAF V600E present in ~30%.

MIB-1 proliferative index is high (>30%). 

P53 accumulation by IHC in ~70%.

ATC - Immunohistochemistry
To confirm that the tumor is 
epithelial and coming from the 
thyroid:  keratins, PAX8 and BRAF 
V600E.

To confirm progression to ATC: 
MIB-1, TTF-1 (utilizing TTF-1 to 
see reduced expression compared 
to the better differentiated 
component), and p53. 

To guide treatment: BRAF V600E 
and PDL1.



ATC - Pitfalls
How could the diagnosis of ATC potentially be missed?

When the tumor is large and the ATC component comprises a small 
percentage of the tumor.

- ATC not suspected clinically
- Easy to miss when reviewing the slides



Make sure areas that you 
think represent fibrosis, are 
fibrosis and not spindle cell 
ATC.

Be especially vigilant when 
looking at aggressive tumors 
like tall cell and hobnail 
subtype.



A similar scenario
The patient is a 65-year-old woman who was found to have a neck mass by 
physical examination.

Ultrasound revealed a 3.2 cm mass.

An FNA was performed and was read as positive for papillary thyroid 
carcinoma.











MIB-1



p63



Diagnosis
Anaplastic thyroid carcinoma (spindle cell squamous type) arising in a 
background of tall cell subtype of PTC, see NOTE.

NOTE: The anaplastic component comprises 5% of the tumor.



Spindle Cell Squamous ATC
Spindle cell squamous cell ATC is often 
associated with tall cell subtype.  

When looking at a tall cell or other aggressive PTC always look at the periphery 
of the tumor for dedifferentiation.

Make sure that any squamous metaplasia isn’t mitotically active, infiltrative, etc.

Make sure that nuclear features of PTC are maintained at the periphery of the 
tumor.

Notice mitotic activity.



What is the prognosis for patients with tumors with a small anaplastic 
component?

Course is highly variable: although some patients with tumors with a small 
anaplastic component have extended survival (account for the majority of 
“long-term” survivors), others have rapid disease progression.

Case 1: patient died in 9 months. Additional case: patient still alive at last follow up (3 years after dx)



CAP Guidelines on ATC 
Indicate that ATC should be characterized as:
- Comprising a major component of the 

tumor 
- Comprising a minor component without    
extrathyroidal extension 

Based on studies showing improved survival 
for intrathyroidal ATC and on studies 
demonstrating that patients with intrathyroidal 
tumors with a minor ATC component have 
improved survival compared to patients with 
tumors in which the ATC component 
comprises the majority of the tumor.

SEER data from 261 patients with ATC.

Chen et al, Am J Clin Oncol, 2008.



ATC - Pitfalls
How could the diagnosis of ATC potentially be missed?

When the tumor is large and the ATC component comprises a small 
percentage of the tumor.

- ATC not suspected clinically
- Easy to miss when reviewing the slides



ATC - Pitfalls
How could the diagnosis of ATC potentially be missed?

When the tumor is large and the ATC component comprises a small 
percentage of the tumor.

- ATC not suspected clinically
- Easy to miss when reviewing the slides

When the anaplastic component is present in lymph nodes only (either 
at the time of the initial thyroidectomy or as recurrent disease).



Case
The patient is a 46-year-old woman who has a history of papillary thyroid 
carcinoma 7 years prior  (PTC was multifocal with positive lymph nodes at time 
of diagnosis) now with recurrence in cervical lymph nodes.

An FNA of one of the lymph nodes was positive for metastatic PTC.

A lymph node dissection was performed removing >20 lymph nodes.



All other lymph nodes showed metastatic PTC, but one showed this.  The patient 
subsequently died of ATC.



Molecular Alterations of Anaplastic 
Thyroid Carcinoma 

Rapid increase in knowledge of 
the molecular landscape of ATC.

0 10 20 30 40 50 60 70 80
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CDKN2B)
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chromatin remodeling complex

Genes encoding members of the PI3K/mTOR
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Percentage of tumors with molecular alteration

Common Genetic Alterations in Anaplastic Thyroid Carcinoma



Presence of a TERT promoter mutation, especially when combined with a BRAF or 
RAS mutation, was associated with a worse survival. 



BRAF V600E Mutant ATC
- In 2018 the FDA approved dabrafenib (BRAF inhibitor) and trametenib

(MEK inhibitor) for the treatment of BRAF V600E-mutant ATC. 



BRAF V600E Mutant ATC
- BRAF mutation status can be determined by molecular techniques or by 

IHC; however, there are also histologic clues to BRAF status.



BRAF V600E mutant-ATC have a high 
frequency of associated PTC (or a 
history of PTC).

Squamoid ATCs (with or without a PTC 
component) often harbor a BRAF 
V600E mutation.  



The chapter on primary squamous cell carcinoma of the thyroid has been 
removed, instead they are considered a type of ATC. Based on:

- High rate of PAX8 expression
- High rate of BRAF V600E mutation
- Similar clinical behavior

2022 WHO Classification of Endocrine 
and Neuroendocrine Tumours



Case   
The patient is a 35-year-old woman who was noted to have thyroid 
enlargement about half a decade ago. She was diagnosed with 
Hashimoto thyroiditis.   

A recent ultrasound revealed a 3.0 cm left-sided nodule.  

An FNA was performed that was read as consistent with papillary thyroid 
carcinoma.









~50% of cribriform morular thyroid carcinoma are associated with familial 
adenomatous polyposis (FAP); therefore, its identification should raise the 
possibility of this familial tumor syndrome. 

In the series by Ito and colleagues, the diagnosis of cribriform morular 
thyroid carcinoma was the first detected manifestation of FAP in ~40% of the 
cohort (Ito et al, Endocr J, 2011).

Cases of cribriform morular thyroid carcinoma that are associated with FAP 
are usually multifocal and occur at an earlier age than sporadic cases.

Rare sporadic cases can be aggressive and show high-grade features.

Cribriform Morular Thyroid Carcinoma



When cribriform morular thyroid carcinoma is associated with FAP, a 
germline adenomatous polyposis coli (APC) gene mutation is almost always 
detected. 

Sporadic cases may have somatic APC gene mutations or another mutation 
in the pathway (such as CTNNB1 or AXIN1 mutations).

IHC for B-catenin can be used to confirm the diagnosis.

Cribriform Morular Thyroid Carcinoma

B-catenin - tumor B-catenin - normal









Tumors were positive for TTF1; however, PAX8 immunoreactivity was weak, 
focal or negative, and all tumors lacked thyroglobulin reactivity.

Cribriform Morular Thyroid Carcinoma



In the 2022 WHO Classification of Endocrine and Neuroendocrine Tumours,
cribriform morular thyroid carcinoma was taken out of the PTC chapter and 
is in a section for tumors of uncertain histogenesis.

Cribriform Morular Thyroid Carcinoma



Case
The patient is a 55-year-old woman with 4.4 cm medullary thyroid carcinoma 
(MTC) with gross extrathyroidal extension (pT3b) and multiple lymph node 
metastases (N1b). 

Tumor necrosis was present, mitoses numbered 8 per 10 HPF, and the Ki-67 
proliferative index was 13%.



Medullary Thyroid Carcinoma (MTC)
MTC can exhibit a broad range of histologic features. 

Usually solid with round/polyhedral, plasmacytoid, or spindled cells.

Variants include: papillary, oncocytic, clear-cell variant, paraganglioma-like, 
small cell variant, giant cell variant, angiosarcoma-like variant and 
glandular/tubular/follicular variant.

Can entrap non-neoplastic thyroid follicles.

Positive for chromogranin, synaptophysin, calcitonin, TTF-1, PAX8, and 
mCEA.  







MTC accounts for approximately 2% of 
thyroid malignancies and approaching 15% 
of thyroid-cancer related deaths in the U.S.

A quarter of MTC occurs in the setting of 
MEN2 (therefore all patients with MTC 
require genetic testing). 75% of MTC is 
sporadic. For these patients:

• average age at diagnosis is 50 years
• ~50% have LN metastases at dx
• 15% have distant metastases at dx

Medullary Thyroid Carcinoma 



Stage is the strongest independent 

predictor of survival on multivariate 

analysis.

Roman et al, Cancer, 2006

Medullary Thyroid Carcinoma 



Molecular Alterations of MTC
RET mutations are present in virtually all cases of 
hereditary MTC and they are the most frequent 
mutations detected in sporadic MTC (~50% of 
cases). 

The RET M918T mutation (the mutation associated 
with MEN2B) accounts for up to 80% of RET
mutations in sporadic MTC.

Elisei et al, 
Thyroid, 2005

RET status has been shown to be prognostically significant in sporadic MTC, 
with the presence of a RET mutation shown to be an independent predictor of 
decreased survival on multivariate analysis. 



An understanding of the genomics has informed systemic treatment for 
MTC patients that require systemic therapy – those with significant 
tumor burden and symptomatic or progressive metastatic disease.

Two FDA approved multi-kinase inhibitors (inhibit RET and other 
kinases) :

- vandetanib
- cabozantinib



Although MKI therapy was a major advance, these drugs have overall 
modest response rates and significant toxicities. With time virtually all 
patients cease to respond to these drugs. 

Now there are two selective RET inhibitors selpercatinib and pralsetinib.



Although MKI therapy was a major advance, these drugs have overall 
modest response rates and significant toxicities. With time virtually all 
patients cease to respond to these drugs. 

Now there are two selective RET inhibitors selpercatinib and pralsetinib.

RET status now informs treatment for patients with advanced MTC.
RET selective inhibitors are efficacious and have an improved side 

effect profile compared to prior MKIs.



Two groups proposed grading schemes for MTC, with grading based on 
proliferative rate and presence of tumor necrosis.

Medullary Thyroid Carcinoma 
Grading

Two-tiered system based on 
mitotic count and necrosis.

Three-tiered system based on 
mitotic count, Ki-67 proliferative 
index, and necrosis.





International MTC Grading Scheme
327 MTC from 5 centers from the USA, Europe, and Australia with data on 
mitotic count, Ki67 proliferative index, and necrosis.

Extensive statistical analysis performed to determine best cut-offs values 
and strength of a two-tiered vs three-tiered system.



International MTC Grading Scheme



International MTC Grading Scheme

IMTCGS grade was an independent predictor of outcome in multivariate 
analyses that included patient age, gender, tumor size, margin status, 
AJCC stage group, and post-operative calcitonin and CEA serum levels. 

XU et al, J Clin 
Oncol, 2021. 



International MTC Grading Scheme

Patients with high-grade MTC (which accounted for 25% of patients in the 
study) had a 10-year disease-specific survival of 53% compared to 97% for 
patients with low-grade tumors.

XU et al, J Clin 
Oncol, 2021. 



International MTC Grading Scheme

Patients with high-grade MTC (which accounted for 25% of patients in the 
study) had a 10-year disease-specific survival of 53% compared to 97% for 
patients with low-grade tumors.

XU et al, J Clin 
Oncol, 2021. 

The International MTC Grading System is included in the 2022 WHO 
Classification of Endocrine and Neuroendocrine Tumours.



Back to our case: High-grade MTC - based on tumor necrosis, mitoses 
numbering 8 per 10 HPF, and a Ki-67 proliferative index was 13%.

Mitotic count and Ki-67 proliferative index based on hotspots. Necrosis is often 
focal, so must carefully examine all tumor slides for necrosis.



Take picture at 20X and count all cells and Ki-67 positive cells. Divide 
number of Ki-67-positive cells by number of total cells. Takes roughly 8 
minutes per case.



A precise mitotic count and Ki-67 proliferative index should be reported 
because in the IMTCGS study it was found that as these continuous 
variables increased, the prognosis decreased.





Summary
- For aggressive PTC, consider whether the tumor may harbor a gene 

rearrangement, such as NTRK. These tumors tend to have a multinodular 
growth pattern. Detecting the fusion could guide treatment.

- The 2022 WHO Classification of Endocrine and Neuroendocrine Tumours 
has a new section on high-grade follicular cell-derived tumors that includes 
PDTC (defined by Turin criteria) and high-grade differentiated thyroid 
carcinoma (predominantly high-grade PTC)… remember to look for 
mitoses and necrosis in thyroid carcinomas.

- Cribriform morular thyroid carcinoma is associated with FAP, is negative for 
thyroglobulin, and often weak or negative for PAX8; therefore, it is now 
considered to be a tumor of uncertain histogenesis.



Summary

- The BRAF V600E mutation is present in about a third of ATC, and BRAF
V600E status is used to guide treatment.

- There is no longer a primary thyroid squamous cell carcinoma section in 
WHO. These tumors are now considered as ATC.

- MTC should be graded according to the IMTCGS.



Thank you! 

Justine A. Barletta, M.D.
jbarletta@bwh.harvard.edu
Department of Pathology

Brigham and Women’s Hospital 
75 Francis Street
Boston, MA 02115
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