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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
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Histological variants

e 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: | 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 V600OE) 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%



Timeline of well differentiated thyroid carcinoma
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Research
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Nomenclature Revision for Encapsulated Follicular Variant
of Papillary Thyroid Carcinoma
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= Editorial
IMPORTANCE Although growing evidence points to highly indolent behavior of encapsulated supplemental content at
follicular variant of papillary thyroid carcinoma (EFVPTC), most patients with EFVPTC are jamaoncology.com

treated as having conventional thyroid cancer.

OBJECTIVE To evaluate clinical outcomes, refine diagnostic criteria, and develop a
nomenclature that appropriately reflects the biological and clinical characteristics of EFVPTC.

DESIGN, SETTING, AND PARTICIPANTS International, multidisciplinary, retrospective study of
patients with thyroid nodules diagnosed as EFVPTC, including 102 patients with noninvasive

JAMA Oncol. doi:10.1001/jamaoncol.2016.0386
Published online April 14, 2016.



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)

e 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)
e 15 tumors suspected FVPTC
e 27% full agreement; 40% majority agreed




EFVPTC w/out invasion has low probability of recurrence or mets

Type and number of L/n Recurrence/
FV PTC cases distant mts

Baloch & LiVolsi Mod Encapsulated 1 - capsular invasion All'5 - bone
Pathol 2000 n=5 3 —vascular invasion metastases
LiuJ. etal. Median, no invasion (n=43)
Cancer 2006 11.1y Encapsulated
n=61
Infiltrative (n=17) 11 (65%)
Vivero M. et al. Thyroid Median, No invasion (n=14) 0 0
2013 9.25y Encapsulated
n=27 nvasion (n= 0 0
PE/WC No invasion 1*/30 (*pos. res.
n=35 margin)
Infiltrative 8%
n=9
WiddersS et al. Surgery Mean, 8.75 Encapsulated No invasion (n=26) 0 0
2008 y n=26
Piana$. et al. AJSP 2010 Mean, 11.9  Encapsulated nvasion
y n=66 n=45

Many patients with EFVPTC received completion of thyroidectomy, RAI



Molecular profiles of encapsulated FVPTC and infiltrative
FVPTC are different

PPARG V600E

Encapsulated 36% 4%

Rivera M. et al. Modern Pathol 2010

I A
Partially encapsulated/ Well- I
circumscribed FV

Howitt B. et al. Thyroid 2003




Thyroid TCGA Study (Cell, 2014)
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Endocr Pathol (2010) 21:7-11
DOIT 10.1007/512022-009-9103-1

The Encapsulated Follicular Variant of Papillary Thyroid
Carcinoma: Back to the Drawing Board

Juan Rosai

*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



Consensus diagnostic criteria of NIFTP

Box 2. Diagnostic Criteria for NIFTP

1. Encapsulation or clear demarcation®
2. Follicular growth pattern® with

<1% Papillae

No psammoma bodies

<30% Solid/trabecular/insular growth pattern

3. Nuclear score 2-3
4. Mo vascular or capsular invasion®
5. No tumor necrosis
6. No high mitotic activity®

2 Thick, thin, or partial capsule or well circumscribed with a clear demarcation
from adjacent thyroid tissue.

= Including microfollicular, normofollicular, or macrofollicular architecture
with abundant colloid.

© Requires adequate microscopic examination of the tumor capsule interface.

9 High mitotic activity defined as at least 3 mitoses per 10 high-power fields
(400x).

Nikiforov et al. JAMA Oncology 2016



Three-point scale nuclear score
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Table. Summary of Follow-up Information for Patients in the Study Groups

Group 1 Group 2
(Noninvasive EFVPTC) (Invasive EFVPTC)
Characteristic (n =109) (n=101)
Age, Imean (range), y 45.9 (21-81) 42.8 (8-78)
Sex, No. (%)

Female 91 (83) 71 (70)

Male 18 (17) 30 (30)
Tumor size, mean (range), 3.1(1.1-9.0) 2.5 (0.6-5.5)
cm
Extent of surgery

Lobectomy 67 15

Total thyroidectomy 42 86
Follow-up, v

Mean (range) 14.4 (10-26) 5.6 (1-18)

Median 13.0 3.5
Adverse events during 0 12 (12)

follow-up, No. (25)

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
THADA fusion
BRAF K601E
TERT
TOTAL MUT POS 21 (78%)
NEG 6 (22%)

Nikiforov et al. JAMA Oncology 2016



Non-invasive encapsulated FVPTC

- Adistinct 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 15vy)
Consensus terminology: Non-Invasive Follicular Thyroid
neoplasm with Papillary-like nuclear features (NIFTP)

Nikiforov et al. JAMA Oncology 2016



Figure 2. Putative Scheme of Thyroid Carcinogenesis

Nuclear
Growth Features Main
Pattern of PTC Oncogene

Papillary

Papillary Yes GV microcarcinoma

. Invasive
Follicular Yes RAS EEVPTC
Follicul Follicular

Follicular No RAS otticutar thyroid

adenoma

carcinoma

EFVPTC indicates encapsulated follicular variant of PTC; NIFTP, noninvasive
follicular thyroid neoplasm with papillary-like nuclear features; PTC, papillary
thyroid carcinoma.

Nikiforov et al. JAMA Oncology 2016



Estimation proportion and worldwide incidence of NIFTP

Setting/ Time
Location interval

Total

number of

PTC

o S EFV?TC VYIth i
performed invasion

G. Tallini Bellaria Hospital, = 5544 5915
Bologna, Italy

San Luigi Hospital,

Turin, ltaly A=Al

M. Papotti

Hospital of Pisa,

Pisa, Italy 2000-2004

F. Basolo

MSKCC, NY, USA 2000-2003

523

409

2197

303

Hospital
database search

Hospital
database search

Hospital
database search

Pathology slide
review

22.4%

36%

43.4%

27.7%

20.7%

36%

22.7%

23.4%

Mean

13.6%

25%

18.7%

18.8%

18.6%

Estimated NIFTP incidence worldwide — 46,500 cases

Nikiforov et al. JAMA Oncology 2016



Clinical Implications

The results of this study, together with previously reported
observations, suggest that when the diagnosis of NIFTP is made
on the basis of careful histopathological examination, the tumor
will have a low recurrence rate, likely less than 126 within the first
15 years. Of note, most differentiated thyroid carcinomas relapse
within the first decade after initial therapy,! although late recur-
rences and distant spread are documented.?? Importantly, alarge
proportion of patients with tumors diagnosed as NIFTP in the
present study underwent lobectomy only and none received RAI
ablation. This suggests that clinical management of patients with
INIFTP can be deescalated because they are unlikely to benefit

from immediate completion thyroidectomy and RAI therapy.

Staging would be unnecessary. In addition to eliminating the psy-

Nikiforov et al. JAMA Oncology 2016



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

Reference Noninvasive Nodal Median
FVPTC included in | metastasis follow up
the study (N
Baloch & il 8 NA Bone metastasis (n=1)
Livolsi, 2000 0
[10]
Rivera et al. 34 0 8.3 NED (n = 30)
2009 [31]
Piana et al. 45 NA NA NED (n = 45)
2010[27]
Vivero et al. 43 9.5 NED: N =42
2013[28] 0 Local recurrence: n =1 (2%)°
Rosario et 57 0 5.8 NED without RAI (n = 57)
al.2013[30]
Thompson 77 0 11.8 NED (n =77, including 42
2016 [17] patients treated with

lobectomv alone)

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.



MoperN PATHOLOGY (2016), 1—10
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Ninety-four cases of encapsulated follicular
variant of papillary thyroid carcinoma: A name
change to Noninvasive Follicular Thyroid
Neoplasm with Papillary-like Nuclear Features
would help prevent overtreatment

Lester DR Thompson

Department of Pathology, Southern California Permanente Medical Group, Woodland Hills Medical Center,
Woodland Hills, CA, USA

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



Table 1 Papillary carcinoma clinical and macroscopic features

Encapsulated All papillary
1 ular varregt carcinomas
n=94 (29%) n=324 (100%)

R

Gender

Females (P < 0.0001)

Males

Age at presentation (vears)

All (mean)
All (range)

< 45 years at presentation
= 45 years at presentation

Location (dominant mass)

Right lobe
Left lobe
Isthmus
Bilateral

Size (in cm)
Range
Mean (P=0.01)

Number of blocks submitted

Range
Average

Number of tumeors
Single

Multifocal (in one lobe)

Bilateral

If multiple, average number

MACIS
Average (range)
= 6 (Number/2%:)

45.6
20—-80
46
50

43
a7

14

5—-37
11.9

5.0 (3.31—8.15)

250
71

48.4
13—86
128
195

119
106

95

0.1-11.6
2.3

1-87
12.8

5.24 (3.13—11.42)

81 (86%) 243 (75%)
6.0—6.99 (Number/%:) 8 (9%) 39 (129%)
7.0—7.99 (Number/%) 4 (4%) 27 (8%)
8 or higher (Number/%:) 1 (1%) 15 (6%)

Thompson LDR. Modern Pathology 2016



Figure 1 Variably thick capsules (a—c) around Mﬂ:\ a follicular pattern and
with delicate chromatin.

Thompson LDR. Modern Pathology 2016




Thompson LDR. Modern Pathology 2016



Table 2 Microscopic features of encapsulated follicular
papillary thyroid carcinoma,

variant of

Feature Number
Capsular invasion present 11
Lvmphovascular invasion present 14
Extracapsular extension present 1
Margin status positive 5
Lyvmph node status (sampled and negative) 42

Tahble 3 Palient management and oulcome

@th invasion, 69 without @

Treatment MNumber of patients Mean years of follow-up
Lobectomy alone 42 11.3

Invasive type: LVI and/or capsular invasion & 11.5
Thyroidectomy alone 21 11.6

Invasive type: LVI and/or capsular invasion Fi 11.4
Thyroidectomy and lymph node dissection only 1 11.7
Completion thyroidectomy only 5 11.1
Surgery and radioablative iodine 25 1006
Surgery alone 53] 11.6

Median follow-up, 11.8 yvears; median age, 46G; F:M, 55:14;

no lymph node metastases, no recurrence and no dislanl metastases I

Thompson LDR. Modern Pathology 2016



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

Il I IV Vi

4% 13% 18%  10%  49% 7%
0% 0% 15%  56% 27% 2%
0% 17% 61%  17% 4% 0%
0.6% 9% 31%  27%  24% 9%

Risk of malignancy (ROM) in each Bethesda category before and after the introduction of NIFTP

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- 23.9% 5.8% 17.6% 18.0% 59.2% 95.7%
malighant

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




Hum Pathol. 2016 Apr 13. pii: S0046-8177(16)30033-8. doi: 10.1016/j.humpath.2016.03.014. [Epub ahead of print]

Cytological features of "non-invasive follicular thyroid neoplasm with papillary-like nuclear features™ and their

correlation with tumor histology.

Maletta F', Massa F2, Torregrossa L3, Duregon E#, Casadei GPS, Basolo F¢, Tallini G7, Volante M#?, Nikiforov YE®, Papotti M10.

e Study aim: To correlate cytologic findings with histopathology
e Multi-institutional study (Turin, Pisa, Bologna)

* Blind review of FNAB cytology

Table 1

Clinical data and cytological categorization of FNAB according to the Bethesda System

NIFTPs Benign follicular lesions Invasive EFVPTCs
No. of cases 96 37 24
Age (v, median) 46 62 43
Sex
Female 70 22 15
Male 26 15 2]
Size (cm, mean) 2.6 32 2.2
Cytological categories according to the Bethesda System
n* 0 0
111 (%)° 14 (15) 17 (46) 0
IV (%) ° 54 (56) 20 (54) 15 (62.5)
V (%) ¢ 26 27) 0 9 (37.5)
VI (%) © 22 4] 0

Maletta F. et al. Human Pathology 2016



Table 3  Occurrence of the 3 most relevant FNAB cytology
parameters in NIFTPs and other lesions

NIFTPs Benign Invasive
follicular EFVPTCs

lesions
No. of cases 55 37 24
Nuclear size
Mean 63.8 33.5 66.2
Range 0-100 0-100 0-100
P .0004*  78°
Nuclear membrane irregularities
Mean 69.6 10.3 80
Range 0-100 0-60 30-100
P <.0001* 08"
Chromatin clearing
Mean 539 10 55
Range 0-100 0-70 0-100
P <.0001* .88"°

FNAB cytological features were assessed blindly (with no knowledge of
the histological diagnoses) from 55 (of 96) histologically confirmed
NIFTPs, 37 benign tumors, and 24 invasive EFVPTCs.

Maletta F. et al. Human Pathology 2016
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Cytological features of NIFTP

Table 5 Concordance of scores between FNAB cytology and
histology in the whole series of lesions studied

Histology

Score 0-1 Score 2-3
Cytology Score 0-1 35 24
Score 2-3 2 96

The Cohen kappa was 0.62 (95% confidence interval, 0.49-0.74).

Table 4 Correlation between nuclear score and categorization
according to the Bethesda System in different tumor types

Nuclear score Categorization
(no. of cases) according to

Bethesda System

m* v ve wvyid

NIFTPs (n = 96) Score 0-1 (22) 12 9 1 0
Score 2-3 (74) 2 45 25 2

Benign follicular Score 0-1 (35) 16 19 0 0
lesions (n = 37) Score 2-3 (2) 1 1 0 0
Invasive Score 0-1 (2) 0 2 0 0
EFVPTCs (n = 24) Score 2-3 (22) 0 13 9 0

P calculated with the x2 test to compare the cytological nuclear scores (0-1
versus 2-3) with the Bethesda System categories for NIFTPs and other
lesions found a significant correlation only for NIFTPs (P < .001),
whereas no significant association was found for benign follicular lesions
(P = .9) and invasive EFVPTCs (P = .7).

Maletta F. et al. Human Pathology 2016



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















Poorly-Differentiated Thyroid Carcinoma
Treatment and Prognosis

Total thyroidectomy and radioactive iodine

Extrathyroidal extension at presentation in
>50%

Nodal and distant metastasis at presentation
in 40% and 30 %, respectively

Recurrence and metastasis occur after
treatment in a high percentage of cases

S-year survival approximately 50 %

Poor prognosis: advanced age, large tumor
size, extrathyroidal extension, metastasis




Malignant thyroid follicular tumor

Follicular carcinoma
Papillary carcinoma

Solid variant of
papillary carcinoma

Follicular carcinoma @
(solid growth pattern)

Yes

Solid
Trabecular
Insular Growth

Yes

Encapsulated
tumor with:

Yes
Typical PTC nuclei
Yes throughout
One of:

Convoluted nuclei or

necrosis or
mitoses (23/10 hpf)

Tumor size s 1em |

PDTC

-pure

-with coexistent PTC or
other type of carcinoma

-with round nuclei

-with convoluted nuclei

Atypical Adenoma
or

Atypical Follicular
Neoplasm




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)
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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
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Immuno pattern of poorly differentiated and anaplastic

carcinoma
WDC + + + + <10% + - +
PDC + + + + 10-30% + Focal +
ATC + . - + >30% - + +

Adapted from WHO classification of tumours of

B endocrine organs

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr



Anaplastic carcinoma — clinical characteristics

* Rapidly enlarging neck mass

* Long-standing history of thyroid mass

e 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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