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Trend of thyroid FNA cases in Kuma Hospital (1981-2023) 

Song M, et al. Front Endocrinol (Lausanne). 2024 Jan 17;14:1306232.

Hot spots in the field of thyroid disease research

The Bethesda System is globally used for thyroid FNA
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Main 8 revisions in 3rd edition of TBSRTC

1. Diagnostic categories were unified under a single term

2. ROMs were revised

3. AUS was subcategorized into AUS with nuclear atypia and AUS-other

4. FN included mild or focal nuclear alterations associated with PTC

5. Data from the pediatric population were included

6. Differentiated high-grade thyroid carcinomas were included

7. Images were updated 

8. Chapters covering clinical perspectives, imaging studies, molecular testing, 
and ancillary tests were added
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1. Diagnostic categories were unified under a single term

2nd edition 3rd edition
I Nondiagnostic/Unsatisfactory Nondiagnostic

II Benign Benign

III
Atypia of Undetermined 
Significance/Follicular Lesion of 
Undetermined Significance (AUS/FLUS)

Atypia of Undetermined 
Significance (AUS)

IV Follicular Neoplasm/Suspicious For a 
Follicular Neoplasm (FN/SFN) Follicular Neoplasm (FN)

V Suspicious for Malignancy Suspicious for Malignancy

VI Malignant Malignant

Three categories had two terms                       A single term is used for each category

Ali SZ, et al. Thyroid 2023;33:1039-1044.Cibas ES, Ali SZ. Thyroid 2017;27:1341-1346.



Category 2nd edition % 3rd edition % (mean)

Nondiagnostic 5 10 5-20 (13)

Benign 0 3 2-7 (4)

AUS 10 30 13 30 (22)

Follicular Neoplasm 25 40 23-34 (30)

Suspicious for Malignancy 50 75 67 83 (74)

Malignant 97 99 97 100 (97)

2. ROMs were revised based on the recent reports

AUS with nuclear atypia
Focal nuclear atypia

Extensive but mild nuclear atypia

Atypical cyst lining cells

Nuclear & architectural atypia

AUS Other
Architectural atypia

Oncocytic/Oncocyte atypia

Atypia, NOS

Nuclear changes not suggestive of PTC

Psammoma bodies

Atypical lymphoid cells, r/o lymphoma

3. AUS was subcategorized

Ali SZ, et al. Thyroid 2023;33:1039-1044.

3. AUS was subcategorized

ROM=59%                                        ROM=6.5%

AUS with nuclear atypia
Focal nuclear atypia

Extensive but mild nuclear atypia

Atypical cyst lining cells

Nuclear & architectural atypia

AUS Other
Architectural atypia

Oncocytic/Oncocyte atypia

Atypia, NOS

Nuclear changes not suggestive of PTC

Psammoma bodies

Atypical lymphoid cells, r/o lymphoma

Ali SZ, et al. Thyroid 2023;33:1039-1044.

4. NIFTP-suspected cases are classified into FN category

NIFTP is histological diagnostic term

Cytological diagnosis of NIFTP is impossible

FN included mild or focal nuclear alterations associated with PTC

Members responsible for FN

Previous term : Non-invasive, encapsulated, follicular subtype PTC
Current term : Noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP)

FN (FA/FTC)                        FN (NIFTP)                Malignant (FV-PTC)

Diagnostic category

Estimated
ROM if

including
NIFTP Mean %

Decrease in
ROM if

excluding NIFTP
Mean %

Estimated final
ROM if

excluding
NIFTP Mean %

Nondiagnostic 13 1.3 12

Benign 4 2.4 2

AUS 22 6.4 16

Follicular Neoplasm 30 7.1 23

Suspicious for Malignancy 74 9.1 65

Malignant 97 2.6 94

Impact of NIFTP

Ali SZ, et al. Thyroid 2023;33:1039-1044.

ROM of intermediate categories was decreased

Institution
( in Japan) FTA NIFTP

A (29) 8 (27.6%)
B (21) 5 (23.8%)
C (17) 6 (35.3%)
D (26) 6 (23.1%)
E (11) 1 (9.1%)
F (46) 19 (41.3%)

Total (145) 45 (31.0%)

Prevalence of NIFTP among PTCs and FTAs in Japan

Hirokawa M, et al. Pathol Int. 2024 ;74:26-32. 

Bychkov A, et al. Thyroid 2017;27:983-

PTC FTA<<<
PTC NIFTP

Total (145) 45 (31.0%)

ND Benign AUS FN SFM Malignant

NIFTP=
Malignant

1,287 
(12.4%)

6,910 
(66.4%) 421 (4.0%) 330 (3.2%) 172 (1.7%) 1,279 

(12.3%)

NIFTP
malignant

1,287 
(12.4%)

6,910 
(66.4%) 365 (3.5%) 410 (3.9%) 156 (1.5%) 1,271 

(12.2%)

Change in 
ROM 0% 0% -0.5% +0.7 -0.2% -0.1%

Higuchi M, et al. Endocr J. 2018;65:1193-1198.

Impact of NIFTP on ROM in Kuma Hospital

Dx category
Adults
ROM

Mean (range)

Pediatrics
ROM

Mean (range)

Adults
Usual management

Pediatrics
Possible management 

recommendations 

Nondiagnostic 13 (5-20) 14 (0 33) Repeat FNA with US guidance Repeat FNA with US guidance 

Benign 4 (2-7) 6 (0 27) Clinical US follow-up Clinical US follow-up 

AUS 22 (13 30) 28 (11 54) 
Repeat FNA, molecular testing, 
diagnostic lobectomy, 
or surveillance

Repeat FNA 
or surgical resection

Follicular 
Neoplasm 30 (23-34) 50 (28 100) Molecular testing, 

diagnostic lobectomy Surgical resection 

SFM 74 (67 83) 81 (40 100) Molecular testing, lobectomy 
or near-total thyroidectomy Surgical resection 

Malignant 97 (97 100) 98 (86 100) Lobectomy 
or near-total thyroidectomy Surgical resection 

5. Data from the pediatric population were included

2nd 3rd

6. Differentiated high-grade thyroid carcinomas were included



Hypercellularity

Insular, solid cluster, 
trabecular arrangement

Monotonous population 
Plasmacytoid, Oncocytic, 
Microfollicular cluster

High N/C ratio

No or little colloid

Apoptosis, Mitosis

Necrotic materials
21

High-grade follicular cell-derived carcinoma 21 7. Images were updated

Ultrasound 4%
Cell block 2%

Histology 7%

IHC, ICC 5%

HE 3%

Giemsa 
23%

LBC 
17%

Pap 
(Direct) 

38%

1st :  240 photos

2nd :  361 photos

3rd :  404 photos

Images updated in follicular neoplasm 8. Two chapters were added

2nd 3rd

ACR: American College of Radiology
TI-RADS: Thyroid Imaging Reporting and Data System

Imaging study (ACR-TI-RADS)

Indication for cytology is determined based on US findings & tumor size
ThyroSeq v3 ThyGenX / ThyraMIR1 Afirma GSC

Oncogenic mutations
& gene fusion

112 genes (12,135 variants),
>120 gene fusion

10genes (42 variants), 
28 gene fusion

346 genes (761 variants),
130 gene fusion

Gene expression
analysis 19 genes 4 housekeeping genes 

for quality control 1,115 genes

MicroRNA expression 
analysis No 10 microRNAs No

Chromosomal copy 
number alterations 10 chromosomal region No LOH analysis

For follicular cell Yes Yes Yes

For parathyroid Yes Yes Yes
For C cell Yes Yes Yes
For NIFTP RAS/RAS-like RAS/RAS-like GSC-S

For high-grade TERT, TP53 TERT TP53 mutation

Nishino M, Krane JF. Acta Cytol. 2020;64:40-51.

Comparison of three molecular tests

ThyroSeq v3 ThyGenX / 
ThyraMIR1

Afirma
GSC

Cases, n 247 109 190
Malignant 28% 32% 24%
Benign 61% 61% 54%

Sensitivity 94% 89% 91%
Specificity 82% 85% 68%
NPV 97% 94% 96%
PPV 66% 74% 47%
Nishino M, Krane JF. Acta Cytol. 2020;64:40-51.

Accuracies of three molecular tests 27

Nishino, M., Krane, J. F. 2018;11:,467 487.

Clinical management using molecular testing

NO insurance coverage

Extremely expensive

NOT cost-effective

Molecular testing using aspirated materials 

Hirokawa M, et al. Cancer Cytopathol. 2023;131:415-420.

ROM & clinical managements

Categories
Bethesda System Japan (Data from 7 institutions)

ROM clinical management ROM clinical management

Nondiagnostic 13%
(5-20%) Repeat FNA with US guidance 6.3% (3.1 10.9%) Re-aspiration, 

follow-up for benign US findings

Cyst fluid 2% Repeat FNA or Follow up 1.3% (0 5.0%) Follow-up, 
re-aspiration for malignant US findingsBenign 1-2% Clinical and US follow-up 0.8% (0.3 1.4%)

AUS 22%
(13-30%) Repeat FNA, molecular testing, 

diagnostic lobectomy, 

or surveillance

19.3% (9.7 39.1%)
Re-aspiration 

or follow-up based on US findings, 

ancillary study
nuclear atypia 36-44% 29.8% (13.9 42.6%)

others 15-23% 8.1% (5.7 14.6%)

FN 30% 
(23-34%)

Molecular testing, 
diagnostic lobectomy 12.6% (6.6 17.8%) Resection or follow-up 

based on other clinical findings

SFM 74%
(67-83%)

Molecular testing, 
lobectomy or near-total 
thyroidectomy

91.9% (78.6 100%)
Resection, 

surveillance for low-risk micro PTC
Malignant 97% 

(97-100%)
Lobectomy or near-total 
thyroidectomy 99.5% (99.2 100%)



US features indicating malignancy

Kobayashi K, et al. Eur Thyroid J. 2017. PMID: 28589092 Kobayashi K, et al. Med Ultrason. 2016;18:25-9. 

Satellite nodule Satellite nodule Nodules from nodule

Nodule in nodule Nodule in nodule Tumor thrombosis
Cystic FND Cystic PTC

Japan
JSTS

(20 )

US Canada
BSRTC
(2023)

UK
RCPath
(20 )

Italy
ICCRTC
(2014)

I Unsatisfactory
I Nondiagnostic

(cyst fluid only)

Thy1: ND for cytological diagnosis

Thy1c: ND for cytological diagnosis-cystic lesion

TIR1: ND

TIR1C: ND/cystic

II Cyst fluid

Handling of cyst fluid in reporting systems

Nondiagnostic
excluding CFO Cyst fluid only Benign

Takada, et al.
(Endocr J. 2017)

Kanematsu, et al
(Diagn Cytopathol. 2018)

Suzuki, et al. 
(J Jpn Soc Cytol 2014)

Prevalence
(/all thyroid FNA)

7.6%
(766/10036)

4.8%
(469/9767)

67.8%
(7007/10333)

Resected ROM
(/resected nodules)

41.7%
(43/103)

7.1%
(1/14)

13.9%
(79/577)

Overall ROM
(/all nodules)

5.6%
(43/766)

0.2%
(1/469)

1.1%
(79/7007)

p<0.001

ROM of Nondiagnostic, CFO, and Benign

Bethesda system

Nondiagnostic 
(including Cyst fluid only)

Benign 

Atypia of Undetermined Significance 

Follicular neoplasm

Suspicious for malignancy

Malignant

Japanese system
Unsatisfactory

Cyst fluid

Benign 

Undetermined Significance 

Follicular neoplasm

Suspicious for malignancy

Malignant

Reporting system (Japanese vs Bethesda )

Ali SZ, et al. Thyroid 2023;33:1039-1044.Kamma H, et al. Endocr J 2022;69:139-154.

1. Liquid-based cytology LBC)

2. Immunocytochemistry

3. Biochemical measurement

4. Flow cytometry

5. Molecular testing

6. Artificial intelligence

Ancillary techniques on Thyroid FNA

Needle 
washout

Aspiration
Conventional smear

CytoRichTMRED
Hemolysis+
Proteolysis +

Pathology Lab

Hirokawa M, et al. Thyroid Fine-Needle Aspiration and Smearing Techniques. 
VidenoEndoclinology https://doi.org/10.1089/ve.2018.0119

LBC sample are obtained from needle washout fluid 37

Suzuki A et al. Diagn Cytopathol 2014; 43: 108-113
Suzuki A et al. Diagn Cytopathol 2016; 44: 659-664 

Suzuki A et al. Acta Cytol 2018;62:93-98

Advantages and disadvantages of LBC method

Advantages
Reduction of inadequate specimens

Higher cell collection rate

Fewer fields of view to be examined

Disappearance of red blood cells and colloid

Excellent preservation of cellular morphology

Unique diagnostic clues

Avoiding degeneration by smearing

Capable of preparing several specimens for 

immunocytochemistry

Disadvantages
More complicated preparation method

Higher cost

Cytological findings different from direct 

preparation

Obscure diagnostic clue observed in direct 

smears

No blood componentsEmbedded within blood components

Advantages of LBC methodFollicular nodular disease

Direct                                         LBC

Windows between carcinoma cellsNuclear overlapping

Papillary thyroid carcinoma

Suzuki A et al. Diagn Cytopathol 2014; 43: 108-113

Direct                                         LBC



No gland glass appearance
No nuclear overlapping

Gland glass appearance
Nuclear overlapping

Papillary thyroid carcinoma

Direct                                         LBC

Suzuki A et al. Diagn Cytopathol 2014; 43: 108-113
Convoluted nuclei

Papillary thyroid carcinoma

Direct                                         LBC

Suzuki A et al. Diagn Cytopathol 2014; 43: 108-113

Prominent cellular elongation

Tall cell subtype of papillary thyroid carcinoma

Direct                                         LBC

Suzuki A et al. Diagn Cytopathol 2014; 43: 108-113 Prominent nuclear degeneration

Hashimoto thyroiditis vs MALT lymphoma

Suzuki A et al. 
Acta Cytol
2018;62:93-98

Hashimoto thyroiditis                            MALT lymphoma

Direct 

LBC

Thyroid FNA Cytology: 
Differential Diagnoses and Pitfalls
Kakudo K, Liu Z, Jung CK, Hirokawa M, Bychkov
A, Lai CR

Springer; 3rd Edition, 2024
Cell origin

Follicular cell, C-cell, Parathyroid cell, Thymic cell, Lymphocyte, Cell from other organs

Differentiation, subclassification, and grading of carcinomas

Estimation of the primary site of metastatic cancers

Detection of gene abnormalities

Purpose of immunocytochemistry

Past history of renal cell carcinoma resected 22 years ago

80-year-old, Male

Poorly differentiated carcinoma?
Follicular tumor?
Metastatic renal cell carcinoma?

80-year-old, Male

LBC method

Cell block method

Cell transfer method

Three methods for Immunocytochemistry

Hirokawa M, Suzuki A. Acta Cytol. 2024 Jul 22:1-9.

can be performed after observing Pap-stained specimens

PAX8Thyroglobulin TTF-1 CD10

Immunocytochemical results



Thyroglobulin

TTF-1

CD10

Renal cell carcinoma metastasizing into follicular adenoma Metastatic renal cell carcinoma

Solitary 85.7%
Multiple 14.7%

Within adenoma 42.9%

Post-nephrectomy 
time >10 years 50.0%

Tanaka A, et al. Pathol Int. 2023;73:351-357.

Target lesions Antibodies

Follicular cell-derived lesion PAX8(+), TTF-1(+), Thyroglobulin(+)

Medullary carcinoma Calcitonin(+), CEA(+), Chromogranin A(+), TTF-1 (+), PAX8(-), Thyroglobulin(-)

Hyalinizing trabecular tumor MIB-1 (cell membrane) ,Type IV collagen (hyaline materials), Cytokeratin 19(-)

Cribriform morular carcinoma catenin(nuclei, cytoplasm), Estrogen receptor(+), Progesterone receptor(+)

Intrathyroidal thymic carcinoma CD5 (+), p63(+) , CD117(+), PAX8(-), TTF-1(-), Thyroglobulin(-)

Parathyroid adenoma PTH(+), GATA-3(+), Chromogranin A(+), PAX8(-), TTF-1(-), Thyroglobulin(-)

Renal cell carcinoma CD10,(+), PAX8(+), TTF-1(-), Thyroglobulin(-)

Lung cancer TTF-1(+), Thyroglobulin(-), PAX8(-)

Squamous cell carcinoma PAX8(-)

Immunocytochemical panels used at Kuma Hospital

Hirokawa M, Suzuki A. Acta Cytol. 2024 Jul 22:1-9.

Polyclonal       Monoclonal
PAX8            PAX8 TTF-1              p63                  CD5

Suzuki A, et al. Endocr J. 2018;65:1171-1175.

Intrathyroidal thymic carcinoma

How do you evaluate? How do you evaluate?

Thyroglobulin

Pitfall in observing immunocytochemical specimens

Strong cytoplasmic immunoreactivity cause pseudo-nuclear positivity

Hirokawa M, Suzuki A. Acta Cytol. 2024 Jul 22:1-9.

Past history of total thyroidectomy for PTC

Cystic lesion in the lateral neck 

Foamy histiocytes (Cyst fluid only) Foamy histiocytes (Cyst fluid only)



Cystic lymph node metastasis of PTC

Washing the needle with saline after smearing

Tg measurement using needle washout fluid

Tg measurement using needle washout fluid

NOT recommended for central lymph nodes
because thyroid tissue may be present on the route

Pitfall in Tg measurement using needle washout fluid

YES
YES

NO

Hirokawa M, Suzuki A. J Pathol Transl Med. 2025;59:214-224.

Biochemical measurement using needle washout fluid

Tg for metastatic thyroid carcinoma

Calcitonin for medullary carcinoma

PTH for parathyroid lesions

Hirokawa M, et al. Thyroid Fine-Needle Aspiration and Smearing Techniques. 
VidenoEndoclinology https://doi.org/10.1089/ve.2018.0119

Watery, clear colorless fluid

No cells or few histiocytes

Watery, clear colorless fluid Hashimoto thyroiditis vs MALT lymphoma

1st Aspiration

Culture fluid

Patho Lab
Needle 

washout

Flow cytometry

Conventional 
smear

LBC

2nd Aspiration

Flow cytometry for Lymphoma-suspected cases

Hirokawa M et al. Endocr J 2017;64: 859-865
Hirokawa M et al. Endocr J 2017;64: 859-865
Suzuki A, et al. Endocr J 2019; 66: 1083-1091

Flow cytometry using aspirated materials

Almost all primary thyroid lymphomas 
are B-cell type

The monoclonality is demonstrated by 
Light-chain restriction

Definition of light chain restriction

ratio>3.0



Specificity Sensitivity PPV NPV

Ultrasound 32.6%
(14/43)

62.5%
(20/32)

74.1%
(20/27)

93.3%
(14/15)

FNA 41.9%
(18/43)

59.4%
(19/32)

90.5%
(19/21)

94.7%
(18/19)

Flow cytometry 88.4%
(38/43)

75.0%
(24/32)

82.8%
(24/29)

82.6%
(38/46)

Hirokawa M et al. Endocr J 2017;64:859-865.

Diagnostic accuracy in lymphoma-suspected cases

Suzuki A, et al. Endocr J. 2019;66:1083-1091

Detection rates of light chain restriction 

Difficult occasion to evaluate light-chain restriction Lymphoma with low light chain-positive rate

Light chain-positive rate <25%
CD19 (B) / CD4 (T) >2.0

Sensitivity 88.9% (8/9)

Specificity 100% (3/3)

PPV 100% (8/8)

NPV 75.0% (3/4)

Suzuki A et al. Endocr J. 2022;69:291-297.

Light chain-positive rate

CD19 (B) / CD4 (T) ratio

Lymphoma Lymphoma LymphomaHashimoto 
thyroiditis

Hashimoto 
thyroiditis

25%

0.5 3.00.5 3.0

<25%

<2.02.0

Diagnostic algorism using flow cytometry

Suzuki A et al. Endocr J. 2022;69:291-297.

Diagnostic tools of thyroid lymphoma in non-Western

Hirokawa M. et al. Endocr J  2020 67 1085-1091

Benign
Lym

phom
a

Education data

Benign

Lymphoma

Unknown

94%

2%

4%

Results

Questionable case data

Deep learning

Hirokawa M, et al. Cancer Cytopathol. 2023;131:217-225.

AI analysis 77

PDTC

MTC

Benign

Results of AI analysis (PR-AUC)

Hirokawa M, et al. Cancer Cytopathol. 2023;131:217-225.

FTC

FTALymphoma

ATC

Mixed MTC 
& Benign

Two-dimensional map using t-SNE

Hirokawa M, et al. Cancer Cytopathol. 2023;131:217-225.

Dx category
Adults

Usual management

Pediatrics
Possible management 

recommendations 

Nondiagnostic Repeat FNA with US guidance Repeat FNA with US guidance 

Benign Clinical and US follow-up Clinical and US follow-up 

AUS
Repeat FNA, Molecular testing, diagnostic 
lobectomy, or Surveillance, (AI analysis)

Repeat FNA or surgical resection, 
(AI analysis)

Follicular Neoplasm Molecular testing, diagnostic lobectomy, 
(AI analysis)

Surgical resection, (AI analysis)

SFM
Molecular testing, lobectomy or near-
total thyroidectomy

Surgical resection 

Malignant Lobectomy or near-total thyroidectomy Surgical resection 

Clinical management (in near future?)



Kobe Thyroid Cytology

Thank you for your attention

Hotel Grand Tjokro Bandung, Aug 3rd 2019


