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New issues in thyroid pathology

• New entity: non-invasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP)

• Poorly differentiated and anaplastic thyroid carcinoma



Papillary carcinoma – general comments

• Most frequent primary thyroid malignancy: 85-90% of cases

• Male/female ratio: 1:4

• 10-year survival >95%

• Prevalence: 5-35%

• Mostly lymphogenic metastasis



Histologic characteristics

• Nuclear features

– Enlarged irregular nuclei

– Opacification/ground glass appearance

– Grooves and nuclear pseudo-inclusions

– Crowding and overlapping

• Variable architecture (papillary or follicular)

• Psammoma bodies



http://pa-vm.azr.nl/ndpserve.dll?ViewItem?ItemID=5653




Histological variants

• 14 variants WHO 2017: mostly relevant for recognition as PTC 
and for association with prognosis

• Worse prognosis: diffuse sclerosing variant, tall cell variant 
(columnar cell variant, solid variant)

• Morular-cribriform variant: associated with FAP or Gardner 
syndrome



Pitfalls in the detection of PTC

• Nuclear clearing in benign lesions: 

– Graves’ and Hashimoto’s. Clue: changes are diffuse 

throughout the thyroid

– Entrapped follicles in fibrous tissue, sometimes following 

FNA; Clue: fibrous tissue and contour of nuclear 

membrane

• Nuclear bubbles mimicking pseudo-inclusions (probably 

artifact from tissue processing). Clue: present in all cells



Pitfalls continued

• Benign papillae simulating those of PTC: in nodular 

hyperplasia and follicular adenoma. Clue: nuclei and 

centripetal quality of benign papillae

• Solid variant of PTC overdiagnosed as poorly differentiated 
carcinoma. Clue: criteria for PDC

• Solid cell nests simulating microcarcinoma. Clue: absence of 
PTC nuclear features; immunonegative for TG and TTF-1 and 
positive for p63

Reference: Rosai et al. Histopathology 2006;49:107-120



Immuno for PTC

• Markers described in the literature: HBME-1, galectin-3, 
cytokeratin 19

• Membranous stain of HBME-1 is most specific, galectin-3 
should be both cytoplasmic and nuclear, CK19 is the least 
specific

• Personal note: I never do immuno but trust on histology



Genetic abnormalities in PTC

• RET/PTC rearrangements in 5-35%, especially young patients 
and following irradiation

• BRAF mutaties (mostly V600E) in 30-90% of PTC,  possible 
association with unfavorable outcome

• RAS mutaties in 0-35%, mostly in follicular variant and 
encapsulated variant

• TERT promoter in 5-25%





From Tallini et al. JCEM 
2017; 102:15-22





Diagnosis of EFVPTC: High inter-observer variability

Hirokawa M. et al. AJSP, 2002, 26; 1508 ( 8 pathologists)
• 21 encapsulated  lesions  with follicular growth pattern
• 10% cases had full agreement; 62% - agreement on benign or malignant

Lloyd RV et al. AJSP, 2004, 28, 1336 (10 pathologists)
• 87 tumors with 8.4% years mean follow-up; 24% metastatic
• 39% cases had full diagnostic agreement; 67% for metastatic cases
• No significant morphologic difference between invasive and non-invasive ca

Elsheikh TM et al. AJCP, 2008, 130, 736 (6 pathologists)
• 15 tumors suspected FVPTC
• 27% full agreement; 40% majority agreed



EFVPTC w/out invasion has low probability of recurrence or mets
Ref. Follow-up Type and number of 

FV PTC cases
Invasion L/n Recurrence/ 

distant mts

Baloch & LiVolsi Mod 
Pathol 2000

Encapsulated
n=5

1 - capsular invasion
3 – vascular invasion

All 5 - bone 
metastases

Liu J. et al. 
Cancer 2006

Median, 
11.1 y Encapsulated

n=61

no invasion  (n=43) 0 0

Invasion   (n=18) 3 (17%) 1/18 (6%)

Infiltrative (n=17) 11 (65%)

Vivero M. et al. Thyroid 
2013

Median, 
9.25 y Encapsulated

n=27

No invasion (n=14) 0 0

Invasion  (n=13) 0 0

PE/WC
n=35

No invasion 0 1*/30 (*pos. res. 
margin)

Infiltrative
n=9

7 (78%)

Widder S et al. Surgery 
2008

Mean, 8.75 
y

Encapsulated
n=26

No invasion  (n=26) 0 0

Piana S. et al. AJSP 2010 Mean, 11.9 
y

Encapsulated
n=66

Invasion
n=45

Many patients with EFVPTC received completion of thyroidectomy, RAI 



Molecular profiles of encapsulated FVPTC and infiltrative 

FVPTC are different

Rivera M. et al. Modern Pathol 2010 

Types of FVPTC RET/PTC RAS PAX8-
PPARG

BRAF 
V600E

Encapsulated 0 36% 4% 0

Infiltrative 10% 10% 0 26%

RAS BRAF V600E

Partially encapsulated/ Well-
circumscribed FV

46% 0

Howitt B. et al. Thyroid 2003



Thyroid TCGA Study (Cell, 2014)



•Well-differentiated tumor of uncertain malignant 
potential (WDT-UMP)

Recommended a note emphasizing the extremely 
high probability of a permanent cure following 
lobectomy

•Well-differentiated tumor of uncertain  behavior 
(WDT-UB)



The way to the new entity

• The Endocrine Pathology Society working group  for re-evaluation of 
EFVPTC: 24 experienced thyroid pathologists (from 7 countries) and one 
consultant (Dr. J. Rosai), two endocrinologists, one surgeon, one psychiatrist, 
and a molecular pathologist, a biostatistician, and a patient thyroid cancer 
survivor

• Study groups: 268 tumors diagnosed as EFVPTC without invasion (group 1) 
or with invasion (group 2) based on existing criteria contributed from 13 
institutions ; all cases reviewed by 24 pathologists

• 8 teleconferences aimed to reach consensus and refine groups 1 and 2

• Face-to-face conference in Boston on March 20-21, 2015



Nuclear size & shape

Nuclear membrane irregularities

Clearing

Consensus diagnostic criteria of NIFTP

<

Nikiforov et al. JAMA Oncology 2016



Nuclear features:

1. Size and Shape

Enlargement

Elongation

Overlapping

2. Membrane Irregularities

Irregular contours

Grooves

Pseudoinclusions

3. Chromatin Characteristics

Chromatin clearing

Chromatin margination

Glassy nuclei

Absent/insufficiently expressed (0)                     Present/Sufficient (1)

Three-point scale nuclear score

Slight changes not 
sufficient to call “yes” !

Nikiforov et al. JAMA Oncology 2016



Nikiforov et al. JAMA Oncology 2016



Results of NGS-based mutational analysis
Non-invasive EFVPTC

n=27

RAS 8

NRAS (5)

HRAS (2)

KRAS (1)

PPARG fusion 6

THADA fusion 6

BRAF K601E 1

TERT

TOTAL MUT POS 21 (78%)

NEG 6 (22%)

Nikiforov et al. JAMA Oncology 2016



• A distinct class of thyroid tumors:
• Clonal process driven by distinct oncogenic mutations (RAS 

and RAS-like gene mutations) 
• Follicular-patterned; Nuclear features of PTC; No invasion
• Based on109 pts in this study and 352 pts reported in the 

literature - highly favorable outcome (<1% risk of 
recurrence in 15 y)

• Consensus terminology: Non-Invasive Follicular Thyroid 
neoplasm with Papillary-like nuclear features (NIFTP)

Non-invasive encapsulated FVPTC

Nikiforov et al. JAMA Oncology 2016



Nikiforov et al. JAMA Oncology 2016



Source
Setting/
Location

Time 
interval

Total 
number of 

PTC

Analysis 
performed

FVPTC EFVPTC
EFVPTC with no 

invasion

G. Tallini
Bellaria Hospital, 

Bologna, Italy
2000-2015 523

Hospital 
database search

22.4% 20.7% 13.6%

M. Papotti
San Luigi Hospital, 

Turin, Italy
2005-2014 409

Hospital 
database search

36% 36% 25%

F. Basolo
Hospital of Pisa, 

Pisa, Italy
2000-2004 2197

Hospital 
database search

43.4% 22.7% 18.7%

R. Ghossein MSKCC, NY, USA 2000-2003 303
Pathology slide 

review
27.7% 23.4% 18.8%

Mean 18.6% 

Estimation proportion and worldwide incidence of NIFTP

Estimated NIFTP incidence worldwide – 46,500 cases

Nikiforov et al. JAMA Oncology 2016



Clinical Implications

Nikiforov et al. JAMA Oncology 2016



Reference Noninvasive 
FVPTC included in 
the study (N)

Nodal 
metastasis
(N)

Median 
follow up 
(years)

Outcome (n)

Baloch &
Livolsi, 2000 
[10]

1 a

0
NA Bone metastasis (n=1)

Rivera et al. 
2009 [31]

34 0 8.3 NED (n = 30)

Piana et al. 
2010[27]

45 NA NA NED (n = 45)

Vivero et al. 
2013[28]

43
0

9.5 NED: N = 42
Local recurrence: n = 1 (2%)b

Rosario et 
al.2013[30]

57 0 5.8 NED without RAI (n = 57)

Thompson 
2016 [17]

77 0 11.8 NED (n = 77, including 42 
patients treated with 
lobectomy alone)

Studies on noninvasive encapsulated follicular variant of papillary thyroid 
carcinoma (FVPTC) showed near zero recurrence.

a. It was unclear whether this tumor was sampled in its entirety.

b. One patient with positive resection margin at the initial surgery experienced tumor bed recurrence.

NED: no evidence of disease, NA: not available, RAI: radioactive iodine.



• Community hospital setting
• Longitudinal evaluation of 324 cases of PTC
• All slides re-reviewed by one pathologist



Thompson LDR. Modern Pathology 2016
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Thompson LDR. Modern Pathology 2016

25 with invasion, 69 without invasion 



Bethesda Categories
I II III IV V VI

The FNA diagnoses of NIFTPs: percentage in each Bethesda category 
Howitt et al. 2015 (n = 72)[52] 4% 13% 18% 10% 49% 7%
Maletta et al. 2016 (n = 96)[51] 0% 0% 15% 56% 27% 2%
Ibrahim et al. 2016 (n = 23)[47] 0% 17% 61% 17% 4% 0%
Faquin et al. 2016 (n = 173)[45] 0.6% 9% 31% 27% 24% 9%
Risk of malignancy (ROM) in each Bethesda category before and after the introduction of NIFTP 
(Faquin et al. 2016)
ROM prior to the introduction of NIFTP 25.3% 9.3% 31.2% 33.2% 82.6% 99.1%
ROM if NIFTPs are considered as non-
malignant

23.9% 5.8% 17.6% 18.0% 59.2% 95.7%

Impact of NIFTP on the Bethesda System for reporting 
thyroid cytology: Distribution of cytology diagnoses and the 
risk of malignancy (ROM) attributed to NIFTP.

Bethesda categories: I: non-diagnostic; II: Benign; III: atypia of undetermined significance/follicular lesion of undetermined significance; IV: follicular 
neoplasm/suspicious for follicular neoplasm; V: suspicious for malignancy; VI: malignant.



• Study aim: To correlate cytologic findings with histopathology 
• Multi-institutional study (Turin, Pisa, Bologna)
• Blind review of FNAB cytology

Maletta F. et al. Human Pathology 2016



Maletta F. et al. Human Pathology 2016





Maletta F. et al. Human Pathology 2016

Cytological features of NIFTP



Poorly differentiated thyroid carcinoma

• Thyroid carcinoma with specific histologic criteria, with 
intermediate prognosis between well-differentiated (papillary 
and follicular) carcinoma and anaplastic carcinoma

• Turin criteria for histologic diagnosis

• 5-year survival 60-70% (anaplastic carcinoma 0,5-1 year)



Criteria for poorly differentiated carcinoma

• Absence of nuclear features of papillary thyroid carcinoma

• Predominant growth pattern is solid, trabecular or insular

• At least one of the following 3 criteria

– Presence of necrosis

– Mitotic frequency of >3/10 HPF

– Presence of convoluted (cerebriform) nuclei















Controversial issues

• Prevalence: 2-4%

• Amount of STI (solid-trabecular-insular) patterns present: 
predominant pattern is required (>>50%)

• Oncocytic PD carcinomas exist, but too few data

• Prognostic parameters: necrosis and mitotic index important 
predictors, along with size, extrathyroidal extension, TNM 
stage, and presence of metastases

• Origin: probably from both PTC and FTC (wide range of 
genetic abnormalities)





Anaplastic thyroid carcinoma

• 1% of all thyroid carcinomas

• Histologically very diverse: spindle cell, pleomorphic giant cell, 
squamoid pattern; paucicellular, rhabdoid, small cell variants

• Sometimes areas of well-differentiated carcinoma

• Molecular: BRAF/RAS mutations, but also TP53 and CTNNB1 
(beta-catenin) mutations

• Immuno: many markers negative (TG, TTF1), positive markers: 
TP53, PAX8, sometimes keratin, p40, p63







Immuno pattern of poorly differentiated and anaplastic 
carcinoma

CK TG TTF1 PAX8 Ki67 bcl2 p53 Cyclin D1

WDC + + + + <10% + - +

PDC + + + + 10-30% + Focal +

ATC + - - + >30% - + +

Adapted from WHO classification of tumours of 
endocrine organs



Anaplastic carcinoma – clinical characteristics

• Rapidly enlarging neck mass

• Long-standing history of thyroid mass

• Rapid death due to uncontrollable disease:

– Median survival 3-4 months

– 5-year survival 4-10%



Take home messages

• NIFTP has come to replace encapsulated follicular variant of 
papillary thyroid carcinoma

• This will lead to a decrease in thyroidectomies and of cancer 
diagnoses in thyroid masses

• Impact on FNA biopsies

• PDC and ATC can be diagnosed with higher reliability on the 
basis of histology plus immuno
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