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ABSTRACT 1 

Context. Prognosis is excellent for the papillary thyroid carcinoma (PTC), noninvasive follicular 2 

thyroid neoplasia with papillary-like nuclear features (NIFT-P) and the follicular thyroid carcinoma 3 

(FTC) while is poor for the poorly differentiated thyroid carcinoma (PDTC) and the anaplastic thyroid 4 

carcinoma (ATC). Among PTC, the prognosis is more favorable for the follicular (FV-PTC) and the 5 

classic (CV-PTC) than for the tall cell (TCV-PTC) and the solid (SV-PTC) variants.  6 

Objectives. To associate histotypes and variants of thyroid carcinoma with ultrasound and cytological 7 

features. 8 

Design. Histology of 1018 benign tumors and 514 PTC (249 CV, 167 FV, 49 TC, 34 SV and 15 other 9 

variants), 52 NIFT-P, 50 FTC, 11 PDTC and 3 ATC was correlated to fine-needle aspiration biopsy 10 

categories (Italian classification: TIR1, TIR2, TIR3A, TIR3B, TIR4 and TIR5) and ultrasound 11 

features. 12 

Setting: Endocrinology Unit, University Hospital of Pisa. 13 

Patients: 1117 patients with thyroid nodule(s) who underwent thyroidectomy. 14 

Intervention: None. 15 

Main Outcome Measure(s): None. 16 

Results: Of PTC, 36.3% had an indeterminate cytology (TIR3A or TIR3B), 56.6% suspicious for 17 

malignancy or malignant (TIR4 or TIR5); 84.0% FTC and 69.3% NIFT-P were TIR3A or TIR3B. 18 

72.5% FV-PTC and 73.6% SV-PTC were TIR3A or TIR3B, 79.9% CV-PTC and 95.9% TCV-PTC 19 

were TIR4 or TIR5. The association of a hypoechoic pattern, irregular margins and no 20 

microcalcifications was more frequent in TCV-PTC than in CV-PTC (p=0.02, PPV=38.9%; 21 

NPV=85.5%). 22 

Conclusions: At cytology, most FTC, NIFT-P, FV-PTC and SV-PTC were indeterminate, most CV-23 

PTC and TCV-PTC were suspicious for malignancy or malignant. Ultrasound can be helpful in ruling 24 

out TCV-PTC.   25 

 26 

Freeform/Key Words: thyroid nodule, thyroid carcinoma, fine-needle aspiration biopsy, thyroid 27 

ultrasound. 28 
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INTRODUCTION 1 

The prognosis of thyroid carcinoma, which is favorable in the majority of  cases, is significantly 2 

influenced by the histotypes and the variants of the tumor (1,2). Papillary thyroid carcinoma (PTC) 3 

and follicular thyroid carcinoma (FTC), which account for 80-90% and 6-10% of all thyroid tumors, 4 

respectively (3,4), are characterized by an excellent prognosis, with a 30 years overall survival of  95% 5 

(5,6). On the other hand, the poorly differentiated thyroid carcinoma (PDTC) and the anaplastic 6 

thyroid carcinoma (ATC), which account for 1.8% and 3.6% of thyroid carcinomas, show a very 7 

aggressive behavior and a poor prognosis, with a 5 years overall survival rate of 60-70% for the  8 

PDTC and 5 to 6 months for the ATC (7–9). In the last few years several variants of PTC have been 9 

characterized: the classic (CV-PTC) and the follicular (FV-PTC), the most common subtypes (74.8% 10 

and 17.9% of the total PTC, respectively) show an excellent prognosis (3,10,11), whereas the tall cell 11 

(TCV-PTC), the solid (SV-PTC), the columnar and the hobnail variants show a more aggressive 12 

behavior (4). The incidence of TCV-PTC ranges from 1.2 to 13.0% of all PTC and its 5-year disease-13 

survival rate is lower compared to that of the CV-PTC (81.9% vs 97.8%) (12–17). In addition, some 14 

Authors have reported a higher rate of lymph node involvement and a poorer prognosis of the SV-PTC 15 

compared to the CV-PTC, although these findings have not been confirmed by others (18–20). A new 16 

histopathological entity, noninvasive follicular thyroid neoplasia with papillary-like nuclear features 17 

(NIFT-P) was recently included in the group of tumors with low potential to develop metastasis (1).  18 

The more detailed histological characterization led to a change in the management of thyroid 19 

carcinoma. While in the past the majority of patients were advised total thyroid ablation 20 

(thyroidectomy plus remnant ablation by 131I) (21), the latest guidelines suggest that treatment should 21 

be tailored according to risk stratification that includes histological features, among others (18).22 

  23 

Indication for surgery of thyroid nodules is mainly based on the results of fine-needle aspiration 24 

biopsy (FNAB) (18). Classifications of thyroid cytology include 5-6 categories (22–25). The 2014 25 

Italian consensus for the classification of thyroid cytology identifies TIR1/1C as non-diagnostic/cystic, 26 

TIR2 as benign, TIR3A as low-risk indeterminate lesion, TIR3B as high-risk indeterminate lesion, 27 

TIR4 as suspicious for malignancy and TIR5 as malignant (22). The corresponding Bethesda classes 28 

are Thy I for TIR1/1C, Thy II for TIR2, Thy III for TIR3A, Thy IV for TIR3B, Thy V for TIR4 and 29 
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Thy VI for TIR5 (22,26). TIR3 category is the main limitation of FNAB because it identifies the 1 

follicular pattern that includes both benign (adenomatous hyperplasia and follicular adenoma) and 2 

malignant lesions (FTC, Hürthle tumors and FV-PTC); the differential diagnosis is based on the 3 

capsular involvement and vascular invasion at histology (27). At thyroid ultrasound, 4 

hypoechogenicity, irregular margins and spot microcalcifications are associated with a higher risk of 5 

malignancy (18). Molecular testing on FNAB specimens can add information to reduce false positive 6 

and false negative results in TIR3A and TIR3B nodules (28). 7 

Surgery is usually recommended for TIR3B, TIR4 and TIR5 nodules, which turn out malignant at 8 

histology in 15-30%, 60-80% and > 95% of cases respectively, while for TIR3A nodules active 9 

surveillance is advised, because their rate of malignancy is < 10% (18,22). For TIR3B, TIR4 and TIR5 10 

nodules, when metastatic disease and local invasion have been excluded, the latest American Thyroid 11 

Association (ATA) guidelines suggest active surveillance or lobectomy when diameter is < 1 cm and 12 

lobectomy when diameter is > 1cm and < 4 cm. Total or near total thyroidectomy is recommended for 13 

nodules > 4 cm (18). When the aggressive variants (i.e., TCV-PTC, hobnail, columnar) are diagnosed 14 

at histology, completion surgery and 131I therapy can be taken into account (18). 15 

In this study, we correlated the histotypes and the variants of thyroid carcinoma with the 16 

cytological and ultrasound features observed before surgery, to provide a more complete 17 

characterization of thyroid nodules and help choose the proper therapeutical approach. 18 

PATIENTS AND METHODS 19 

Design and study population  20 

We retrospectively evaluated the consecutive histopathological records of 1117 patients who 21 

underwent thyroidectomy at the University Hospital of Pisa, Italy, from January to December 2017 22 

and had previously undergone FNAB at the same institution. Since some patients harbored more 23 

nodules, we evaluated a total of 1668 nodules, 1018 benign and 650 malignant. Histological and 24 

cytological results were correlated to ultrasound data, available in 1110 patients. It is worth 25 

mentioning that in the year 2017 patients harboring TIR3B, TIR4 and TIR5 nodules were all advised 26 

surgery. Among patients with TIR1/1C, TIR2 and TIR3A nodules, surgery was suggested in few, 27 

namely those with clinical suspicion, large nodules, symptomatic goiter, or cosmetic damage. 28 

Histology  29 
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Pathologists of the University Hospital of Pisa who are expert in thyroid diseases performed the 1 

histological evaluation. Tissue samples obtained at surgery were fixed in formalin and embedded in 2 

paraffin. Each section was stained with hematoxylin and eosin. The histological diagnosis was made 3 

according to the World Health Organization guidelines (4). Malignant neoplasms were classified as 4 

PTC, NIFT-P, FTC, medullary thyroid carcinoma (MTC), PDTC, ATC and others (solitary fibrous 5 

tumor, B-cell lymphomas). PTC was sub-grouped into its variants: CV-PTC, FV-PTC, TCV-PTC, SV-6 

PTC, columnar and hobnail (29).  7 

FNAB cytology 8 

FNAB was performed under ultrasound guidance using a 23-gauge needle attached to a 10-mL 9 

syringe. Samples were air-dried, stained with Papanicolaou and Giemsa and interpreted by 10 

experienced cytologists. The adequacy of aspirates was defined according to the guidelines of the 11 

Papanicolaou Society. Results of cytology were reported according to the 2014 Italian consensus for 12 

the classification of thyroid cytology (22).  13 

Thyroid ultrasonography 14 

Thyroid ultrasound was performed using a real-time instrument (Esaote SPA, My Lab 70 15 

machine with a linear transducer of 8–13 MHz). Authors involved in the study as sonographers (T.R., 16 

R.E., F.S. and F.L.) had more than 20 years of experience. We considered the main features associated 17 

with malignancy, i.e., hypoechogenicity, irregular margins, microcalcifications and the association of 18 

2 or 3 of them. According to echogenicity, nodules were classified as “hypoechoic” or “non 19 

hypoechoic” (cystic, isoechoic and hyperechoic). Margins were classified as “irregular”, when they 20 

were microlobulated, poorly defined or have spiculated margins or “regular”, when they were 21 

polycyclic or showed a continuous halo. Hyperechoic spots < 1 mm without posterior acoustic 22 

shadowing were classified as “microcalcifications”, absent microcalcifications and macrocalcifications 23 

as “no microcalcifications” (30).         24 

Laboratory evaluation 25 

Basal or calcium gluconate stimulated serum calcitonin was measured by a chemoluminescent 26 

immunometric assay (Immulite Siemens Healthcare Diagnostic Products Ltd., Lianberis, Gwynedd 27 

LL55 4EL, UK, reference values < 11.5 pg/mL; DiaSorin Cat# 310630, RRID: AB_2811286) 28 
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Statistical analysis         1 

  2 

Statistical analysis was performed using SPSS 21 (IBM Corp., Armonk, NY). Major 3 

demographic, clinical and histological features are reported as median value with interquartile range 4 

(IQR) or as number and percentage, as indicated. The Chi-squared or Fisher exact tests were used to 5 

compare the distribution of ultrasound features between different PTC variants. Statistical significance 6 

was assumed for p < 0.05. 7 

RESULTS 8 

Histological, cytological and ultrasound features  9 

General features of the study population, histotypes and PTC variants are reported in table 1. The 10 

cohort of 1117 patients harbored 1668 nodules, 1018 benign and 650 malignant. Cytological and 11 

ultrasound features of benign and malignant nodules are reported in table 2. 12 

Cytological classes of benign nodules and carcinomas according to the histotypes 13 

Out of 650 thyroid carcinomas, 514 (79.1%) were PTC (figure 1). Among them, 84 (16.3%) were 14 

TIR3A, 103 (20.0%) TIR3B, 129 (25.1%) TIR4 and 162 (31.5%) TIR5, while of 50 FTC, 21 (42.0%) 15 

were TIR3A, 21 (42.0%) TIR3B, 3 (6.0%) TIR4 and none TIR5. A minority of PTC and FTC had 16 

been diagnosed as TIR1 or TIR2. The cytological distribution of PTC and FTC was significantly 17 

different (p < 0.001). 18 

 Of 52 NIFT-P, 14 (26.9%) had turned out TIR2, 22 (42.4%) TIR3A, 14 (26.9%) TIR3B, none 19 

TIR4 and 1 (1.9%) TIR5 (figure 1). Six out of 11 PDTC had been diagnosed as TIR3B whereas 14/16 20 

MTC had resulted TIR4 or TIR5. All MTC patients had positive serum calcitonin before surgery.  21 

Of 249 CV-PTC, 2 (0.8%) had resulted TIR3A, 35 (14.1%) TIR3B, 88 (35.3%) TIR4 and 111 22 

(44.6%) TIR5 (figure 2). Among 49 TCV-PTC, none had resulted TIR3A, 1 (2.0%) had been 23 

diagnosed as TIR3B, 11 (22.4%) TIR4 and 36 (73.5%) TIR5.  Of 167 FV-PTC, 70 (42.0%) had 24 

resulted TIR3A, 51 (30.5%) TIR3B, 22 (13.2%) TIR4 and 4 (2.4%) TIR5. Among 34 SV-PTC, 11 25 

(32.4%) had been diagnosed as TIR3A, 14 (41.2%) TIR3B, 5 (14.7%) TIR4 and 2 (5.9%) TIR5 (figure 26 

2). 27 
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Of 112 aggressive thyroid tumors (PDTC, ATC and aggressive PTC variants i.e., SV-PTC, TC-1 

PTC, columnar and hobnail), 3 (2.7%) had been diagnosed as TIR1 or TIR1C, 2 (1.8%) TIR2, 2 

14 (12.5%) TIR3A, 23 (20.5%) TIR3B, 21 (18.8%) TIR4 and 49 (43.7%) TIR5 (figures 1 and 2).  3 

Ultrasound features of benign and malignant nodules    4 

At ultrasound, hypoechogenicity, irregular margins and microcalcifications were more common 5 

in malignant than in benign nodules (table 2).  6 

Considering the ultrasound features of nodules classified as TIR3B, 75 benign and 77 malignant, 7 

the pattern characterized by irregular margins regardless of hypoechoic pattern and microcalcifications 8 

was associated with malignancy (p =0.03) (PPV =88.9%, NPV =51.7%) (table 3). 9 

Among 21 FV-PTC and 12 SV-PTC, microcalcifications were detected in 5 (23.8%) FV-PTC and 10 

4 (33.3%) SV-PTC (p =0.69), irregular margins in 4 (19.0 %) FV-PTC and 4 (33.3%) SV-PTC (p 11 

=0.42) and a hypoechoic pattern in 18 (85.7%) FV-PTC and 9 (75.0%) SV-PTC (p =0.64). FV-PTC 12 

didn’t differ from SV-PTC when the association of the three ultrasound characteristics was evaluated. 13 

Ultrasound features were available in 135 CV-PTC and 28 TCV-PTC. The echographic pattern 14 

characterized by the coexistence of hypoechogenicity and irregular margins in the absence of 15 

microcalcifications was more frequent in TCV-PTC (7/28) (25.0%) compared to CV-PTC (11/135) 16 

(8.1%) (p =0.02) (PPV =38.9%, NPV =85.5%) (Table 4).  17 

DISCUSSION  18 

The prognosis of thyroid carcinoma varies according to histotypes, being more favorable in PTC, 19 

NIFT-P and FTC than in PDTC and ATC. In addition, the most recent histopathological classifications 20 

of thyroid cancer have characterized the variants of PTC (1,31). The CV-PTC and the FV-PTC, the 21 

most frequent variants, are characterized by an indolent course and an excellent prognosis (5,6,18,32). 22 

Conversely, the TCV-PTC, the hobnail and the columnar subtypes are characterized by a more 23 

aggressive behavior (18,33). Data about the prognosis of SV-PTC are controversial (20,34,35). 24 

Neither ultrasound nor FNAB can identify the more aggressive PTC variants among TIR3B, TIR4 and 25 

TIR5 cytology (30). 26 

In the present study we first linked 1668 consecutive histopathological records with the 27 

cytological and ultrasound features of the nodules of 1117 patients who had undergone thyroidectomy 28 
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in 2017. We then aimed to characterize the ultrasound pattern that could differentiate benign from 1 

malignant nodules and help identify the most aggressive variants of PTC. 2 

As expected, of benign nodules, many had been diagnosed as TIR2. The relatively high 3 

percentage of TIR2 and TIR3A observed among carcinomas was likely due to the inclusion in our 4 

cohort of patients who were advised surgery because of clinical or ultrasound suspicious features.  5 

 Most tumors were PTC, NIFT-P or FTC, whereas the more aggressive PDTC and ATC were 6 

rare. Therefore, conservative surgery as the first-line treatment for thyroid carcinomas, proposed by 7 

the latest guidelines, is justified by the prevalence of indolent tumors. Furthermore, the diagnosis of 8 

PDTC and ATC is not challenging because they usually present with the clinical features of aggressive 9 

tumors.  10 

Among the PTC, the most common sub-type was the CV-PTC, which is characterized by 11 

pseudoinclusions, large size nuclei, membrane thickening, empty appearance of the nucleoplasm, 12 

grooves or the prominent organization in papillary structures (4). The TCV-PTC, the most frequent 13 

aggressive subtype of PTC, was also mainly diagnosed as TIR4-5. This result is in agreement with 14 

previous studies showing an association between cytological categories and adverse histopathologic 15 

features (36,37).  16 

The FV-PTC as well as the FTC and NIFT-P had been mainly classified as TIR3A or TIR3B. 17 

Indeed, the cytological diagnosis of the FV-PTC is challenging because it lacks the typical nuclear 18 

features of the CV-PTC (4,29). At variance with two small previous studies reporting TIR4 and TIR5 19 

as the predominant categories, in our series most SV-PTC had been diagnosed as TIR3A or TIR3B 20 

(38,39).  21 

PDTC had been mainly diagnosed as TIR3A or TIR3B, in agreement with a previous small series, 22 

showing that PDTC shares cytomorphological features with follicular neoplasm (40).  23 

We tried to identify ultrasound features that could differentiate benign from malignant nodules 24 

and the more aggressive histotypes and variants. Regarding TIR3B nodules, the only feature 25 

differentiating benign from malignant nodules was the irregular margins found in the latter. The 26 

ultrasound did not help differentiate SV-PTC from FV-PTC.  27 

We observed that the coexistence of irregular margins and a hypoechoic pattern with absent 28 

microcalcifications was more common in TCV-PTC than in CV-PTC. This finding could be due to the 29 
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lower percentage of papillary structures and psammoma bodies observed in the TCV-PTC compared 1 

to the CV-PTC (41,42). Psammoma bodies correlate with microcalcifications at ultrasound and are 2 

typical of the CV-PTC (43). Although some studies reported that the ultrasound features identified in 3 

the CV-PTC are also present in the more aggressive variants of PTC, in another study investigating a 4 

small cohort of patients, microcalcifications were more common in CV-PTC compared to TCV-PTC, 5 

which in turn showed more frequently irregular margins (44–47).   6 

In conclusion, according to the data extensively reported, in our cohort the PTC was by far the 7 

most common thyroid carcinoma, followed by the NIFT-P and the FTC, whereas the most aggressive 8 

histotypes (PDTC and ATC) were rare. Most FTC and NIFT-P had been classified as TIR3. At 9 

variance, the cytological classification of PTC differed according to its variants, the CV-PTC being 10 

diagnosed as TIR4 or TIR5 and the FV-PTC mainly as TIR3. Of the aggressive histotypes, the ATC, 11 

TCV-PTC, columnar and hobnail had been mainly diagnosed as TIR4 or TIR5, whereas the PDTC and 12 

the SV-PTC had a TIR3 cytology. Microcalcifications, a hypoechoic pattern and irregular margins, the 13 

ultrasound features usually correlated with malignancy, are typical of the CV-PTC. Among TIR3B 14 

nodules, irregular margins regardless of hypoechoic pattern and microcalcifications were associated 15 

with malignancy. We were not able to identify ultrasound features typical of the SV-PTC. The 16 

ultrasound pattern characterized by the hypoechogenicity, irregular margins and no microcalcifications 17 

is more frequent in TCV-PTC than in CV-PTC.  18 
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Financial Support: This work was supported by “Fondi di Ateneo 2018-2023 number 539901,” 20 

University of Pisa (to F.L.). Author Contributions: Discussion of study results: D.S., G.G., L.T., 21 

A.B., R.G., N.V., T.R., R.E., F.S., and F.L.; D.S., F.L and A.B. planned the study. D.S., F.S., G.G., 22 

and F.L. wrote the manuscript. P.P. performed the statistical analysis. All authors discussed the results 23 

of the study. 24 

Data Availability: data generated and analyzed during this study are included in this published article 25 

or in the data repositories listed in References. 26 

 27 

  28 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



10 

REFERENCES 1 

1.  Baloch ZW, Asa SL, Barletta JA, Ghossein RA, Juhlin CC, Jung CK, LiVolsi VA, Papotti MG, 2 

Sobrinho-Simões M, Tallini G, Mete O. Overview of the 2022 WHO Classification of Thyroid 3 

Neoplasms. Endocr. Pathol. 2022. doi:10.1007/s12022-022-09707-3. 4 

2.  Baloch ZW, LiVolsi VA, Asa SL, Rosai J, Merino MJ, Randolph G, Vielh P, DeMay RM, 5 

Sidawy MK, Frable WJ. Diagnostic terminology and morphologic criteria for cytologic diagnosis of 6 

thyroid lesions: A synopsis of the national cancer institute thyroid fine-needle aspiration state of the 7 

science conference. In: Diagnostic Cytopathology.; 2008. doi:10.1002/dc.20830. 8 

3.  Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A National Cancer Data Base report on 9 

53,856 cases of thyroid carcinoma treated in the U.S., 1985-1995. Cancer 1998. 10 

doi:10.1002/(SICI)1097-0142(19981215)83:12<2638::AID-CNCR31>3.0.CO;2-1. 11 

4.  Lloyd RV, Osamura RY, Klöppel G RJ. WHO Classification of Tumours of Endocrine Organs. 12 

Fourth Edition - WHO - OMS -. WHO Classif. Tumours Endocr. Gland. 4th ed. LyonIARC 2017. 13 

5.  Mazzaferri EL, Kloos RT. Current approaches to primary therapy for papillary and follicular 14 

thyroid cancer. J. Clin. Endocrinol. Metab. 2001. doi:10.1210/jcem.86.4.7407. 15 

6.  Hay ID, Thompson GB, Grant CS, Bergstralh EJ, Dvorak CE, Gorman CA, Maurer MS, 16 

McIver B, Mullan BP, Oberg AL, Powell CC, Van Heerden JA, Goellner JR. Papillary thyroid 17 

carcinoma managed at the Mayo Clinic during six decades (1940-1999): Temporal trends in initial 18 

therapy and long-term outcome in 2444 consecutively treated patients. In: World Journal of Surgery.; 19 

2002. doi:10.1007/s00268-002-6612-1. 20 

7.  Santoro M. RET Activation and Clinicopathologic Features in Poorly Differentiated Thyroid 21 

Tumors. J. Clin. Endocrinol. Metab. 2002. doi:10.1210/jc.87.1.370. 22 

8.  Bible KC, Kebebew E, Brierley J, Brito JP, Cabanillas ME, Clark TJ, Di Cristofano A, Foote R, 23 

Giordano T, Kasperbauer J, Newbold K, Nikiforov YE, Randolph G, Rosenthal MS, Sawka 24 

AM, Shah M, Shaha A, Smallridge R, Wong-Clark CK. 2021 American Thyroid Association 25 

Guidelines for Management of Patients with Anaplastic Thyroid Cancer. Thyroid 2021. 26 

doi:10.1089/thy.2020.0944. 27 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



11 

9.  Asioli S, Erickson LA, Righi A, Jin L, Volante M, Jenkins S, Papotti M, Bussolati G, Lloyd R V. 1 

Poorly differentiated carcinoma of the thyroid: Validation of the Turin proposal and analysis of IMP3 2 

expression. Mod. Pathol. 2010. doi:10.1038/modpathol.2010.117. 3 

10.  Nixon IJ, Ganly I, Patel SG, Palmer FL, Whitcher MM, Ghossein R, Michael Tuttle R, Shaha 4 

AR, Shah JP. Changing trends in well differentiated thyroid carcinoma over eight decades. Int. J. 5 

Surg. 2012. doi:10.1016/j.ijsu.2012.10.005. 6 

11.  Shi X, Liu R, Basolo F, Giannini R, Shen X, Teng D, Guan H, Shan Z, Teng W, Musholt TJ, Al-7 

Kuraya K, Fugazzola L, Colombo C, Kebebew E, Jarzab B, Czarniecka A, Bendlova B, 8 

Sykorova V, Sobrinho-Simães M, Soares P, Shong YK, Kim TY, Cheng S, Asa SL, Viola D, 9 

Elisei R, Yip L, Mian C, Vianello F, Wang Y, Zhao S, Oler G, Cerutti JM, Puxeddu E, Qu S, 10 

Wei Q, Xu H, O’Neill CJ, Sywak MS, Clifton-Bligh R, Lam AK, Riesco-Eizaguirre G, 11 

Santisteban P, Yu H, Tallini G, Holt EH, Vasko V, Xing M. Differential clinicopathological risk 12 

and prognosis of major papillary thyroid cancer variants. J. Clin. Endocrinol. Metab. 2016. 13 

doi:10.1210/jc.2015-2917. 14 

12.  Baloch ZW, LiVolsi VA. Special types of thyroid carcinoma. Histopathology 2018. 15 

doi:10.1111/his.13348. 16 

13.  Hawk WA, Hazard JB. The many appearances of papillary carcinoma of the thyroid. Cleve. Clin. Q. 17 

1976. doi:10.3949/ccjm.43.4.207. 18 

14.  Leung AKC, Chow SM, Law SCK. Clinical features and outcome of the tall cell variant of papillary 19 

thyroid carcinoma. Laryngoscope 2008. doi:10.1097/MLG.0b013e318156f6c3. 20 

15.  Moreno Egea A, Rodriguez Gonzalez JM, Sola Perez J, Soria Cogollos T, Parrilla Paricio P. 21 

Prognostic value of the tall cell variety of papillary cancer of the thyroid. Eur. J. Surg. Oncol. 1993. 22 

16.  Johnson TL, Lloyd R V., Thompson NW, Beierwaltes WH, Sisson JC. Prognostic implications of 23 

the tall cell variant of papillary thyroid carcinoma. Am. J. Surg. Pathol. 1988. doi:10.1097/00000478-24 

198801000-00003. 25 

17.  Michels JJ, Jacques M, Henry-Amar M, Bardet S. Prevalence and prognostic significance of tall 26 

cell variant of papillary thyroid carcinoma. Hum. Pathol. 2007. doi:10.1016/j.humpath.2006.08.001. 27 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



12 

18.  Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, Pacini F, 1 

Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward DL, 2 

Tuttle RM, Wartofsky L. 2015 American Thyroid Association Management Guidelines for Adult 3 

Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The American Thyroid 4 

Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid 5 

2016. doi:10.1089/thy.2015.0020. 6 

19.  Nikiforov YE, Erickson LA, Nikiforova MN, Caudill CM, Lloyd R V. Solid variant of papillary 7 

thyroid carcinoma: Incidence, clinical-pathologic characteristics, molecular analysis, and biologic 8 

behavior. Am. J. Surg. Pathol. 2001. doi:10.1097/00000478-200112000-00002. 9 

20.  Collini P, Mattavelli F, Pellegrinelli A, Barisella M, Ferrari A, Massimino M. Papillary 10 

carcinoma of the thyroid gland of childhood and adolescence: Morphologic subtypes, biologic 11 

behavior and prognosis: A clinicopathologic study of 42 sporadic cases treated at a single institution 12 

during a 30-year period. Am. J. Surg. Pathol. 2006. doi:10.1097/01.pas.0000213264.07597.9a. 13 

21.  Mazzaferri EL, Robbins RJ, Spencer CA, Braverman LE, Pacini F, Wartofsky L, Haugen BR, 14 

Sherman SI, Cooper DS, Braunstein GD, Lee S, Davies TF, Arafah BM, Ladenson PW, 15 

Pinchera A. A consensus report of the role of serum thyroglobulin as a monitoring method for low-16 

risk patients with papillary thyroid carcinoma. In: Journal of Clinical Endocrinology and 17 

Metabolism.; 2003. doi:10.1210/jc.2002-021702. 18 

22.  Nardi F, Basolo F, Crescenzi A, Fadda G, Frasoldati A, Orlandi F, Palombini L, Papini E, Zini 19 

M, Pontecorvi A, Vitti P. Italian consensus for the classification and reporting of thyroid cytology. J. 20 

Endocrinol. Invest. 2014. doi:10.1007/s40618-014-0062-0. 21 

23.  Jung CK, Min HS, Park HJ, Song DE, Kim JH, Park SY, Yoo H, Shin MK. Pathology reporting 22 

of thyroid core needle biopsy: A proposal of the Korean Endocrine Pathology Thyroid Core Needle 23 

Biopsy Study Group. J. Pathol. Transl. Med. 2015. doi:10.4132/jptm.2015.06.04. 24 

24.  Cibas ES, Ali SZ. The bethesda system for reporting thyroid cytopathology. In: Thyroid.; 2009. 25 

doi:10.1089/thy.2009.0274. 26 

25.  Perros P, Colley S, Boelaert K, Evans C, Evans R, Gerrard G, Gilbert J, Harrison B, Johnson 27 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



13 

S, Giles T, Moss L, Lewington V, Newbold K, Taylor J, Thakker R, Watkinson J, Williams G. 1 

British Thyroid Association Guidelines for the management of thyroid cancer. Clin. Endocrinol. 2 

(Oxf). 2014. 3 

26.  Torregrossa L., Poma A.M., Macerola E., Rago T., Vignali P., Romani R., Proietti A., Di 4 

Stefano I., Scuotri G., Ugolini C., Basolo A, Antonelli A., Materazzi G., Santini F. BF. The 5 

Italian Consensus for the Classification and Reporting of Thyroid Cytology: Cytohistologic and 6 

molecular correlations on 37,371 nodules from a single institution. Cancer Cytopathol. 2022. 7 

doi:10.1002/cncy.22618. 8 

27.  Baloch ZW, Fleisher S, LiVolsi VA, Gupta PK. Diagnosis of “follicular neoplasm”: A gray zone in 9 

thyroid fine-needle aspiration cytology. Diagn. Cytopathol. 2002. doi:10.1002/dc.10043. 10 

28.  Silaghi CA, Lozovanu V, Georgescu CE, Georgescu RD, Susman S, Năsui BA, Dobrean A, 11 

Silaghi H. Thyroseq v3, Afirma GSC, and microRNA Panels Versus Previous Molecular Tests in the 12 

Preoperative Diagnosis of Indeterminate Thyroid Nodules: A Systematic Review and Meta-Analysis. 13 

Front. Endocrinol. (Lausanne). 2021. doi:10.3389/fendo.2021.649522. 14 

29.  Lloyd RV, Osamura RY, Klöppel G RJ. WHO classification of tumours of the endocrine organs. 15 

WHO Press 2017. 16 

30.  Rago T, Scutari M, Latrofa F, Loiacono V, Piaggi P, Marchetti I, Romani R, Basolo F, Miccoli 17 

P, Tonacchera M, Vitti P. The large majority of 1520 patients with indeterminate thyroid nodule at 18 

cytology have a favorable outcome, and a clinical risk score has a high negative predictive value for a 19 

more cumbersome cancer disease. J. Clin. Endocrinol. Metab. 2014. doi:10.1210/jc.2013-4401. 20 

31.  DeLellis RA., Lloyd RV., Heitz PU. EC. WHO Classification of Tumors Pathology and Genetics of 21 

Tumors of Endocrine Organs.; 2004. 22 

32.  Carcangiu ML, Zampi G, Pupi A, Castagnoli A, Rosai J. Papillary carcinoma of the thyroid. A 23 

clinicopathologic study of 241 cases treated at the University of Florence, Italy. Cancer 1985. 24 

doi:10.1002/1097-0142(19850215)55:4<805::AID-CNCR2820550419>3.0.CO;2-Z. 25 

33.  Lastra RR, LiVolsi VA, Baloch ZW. Aggressive variants of follicular cell-derived thyroid 26 

carcinomas: A cytopathologist’s perspective. Cancer Cytopathol. 2014. doi:10.1002/cncy.21417. 27 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



14 

34.  Sawant S, Snyman C, Bhoola K. Comparison of tissue kallikrein and kinin receptor expression in 1 

gastric ulcers and neoplasms. Int. Immunopharmacol. 2001. doi:10.1016/S1567-5769(01)00118-7. 2 

35.  Silver CE, Owen RP, Rodrigo JP, Rinaldo A, Devaney KO, Ferlito A. Aggressive variants of 3 

papillary thyroid carcinoma. Head Neck 2011. doi:10.1002/hed.21494. 4 

36.  VanderLaan PA, Marqusee E, Krane JF. Features associated with locoregional spread of papillary 5 

carcinoma correlate with diagnostic category in the bethesda system for Reporting Thyroid 6 

Cytopathology. Cancer Cytopathol. 2012. doi:10.1002/cncy.21189. 7 

37.  Liu X, Medici M, Kwong N, Angell TE, Marqusee E, Kim MI, Larsen PR, Cho NL, Nehs MA, 8 

Ruan DT, Gawande A, Moore F, Barletta J, Krane JF, Cibas ES, Yang T, Alexander EK. 9 

Bethesda categorization of thyroid nodule cytology and prediction of thyroid cancer type and 10 

prognosis. Thyroid 2016. doi:10.1089/thy.2015.0376. 11 

38.  Ohashi R, Murase Y, Matsubara M, Watarai Y, Igarashi T, Sugitani I, Naito Z. Fine needle 12 

aspiration cytology of the papillary thyroid carcinoma with a solid component: A cytological and 13 

clinical correlation. Diagn. Cytopathol. 2017. doi:10.1002/dc.23679. 14 

39.  Giorgadze TA, Scognamiglio T, Yang GCH. Fine-needle aspiration cytology of the solid variant of 15 

papillary thyroid carcinoma: A study of 13 cases with clinical, histologic, and ultrasound correlations. 16 

Cancer Cytopathol. 2015. doi:10.1002/cncy.21504. 17 

40.  Purkait S, Agarwal S, Mathur SR, Jain D, Iyer VK. Fine needle aspiration cytology features of 18 

poorly differentiated thyroid carcinoma. Cytopathology 2016. doi:10.1111/cyt.12270. 19 

41.  Johannessen J V., Sobrinho-Simoes M. The origin and significance of thyroid psammoma bodies. 20 

Lab. Investig. 1980. 21 

42.  Tunio GM, Hirota S, Nomura S, Kitamura Y. Possible relation of osteopontin to development of 22 

psammoma bodies in human papillary thyroid cancer. Arch. Pathol. Lab. Med. 1998. 23 

doi:10.11501/3169211. 24 

43.  O’Connor E, Mullins M, O’Connor D, Phelan S, Bruzzi J. The relationship between ultrasound 25 

microcalcifications and psammoma bodies in thyroid tumours: a single-institution retrospective study. 26 

Clin. Radiol. 2021. doi:10.1016/j.crad.2021.09.014. 27 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



15 

44.  Park VY, Kim EK, Kwak JY, Yoon JH, Moon HJ. Associations between Bethesda categories and 1 

tumor characteristics of conventional papillary thyroid carcinoma. Ultrasonography 2018. 2 

doi:10.14366/usg.17053. 3 

45.  Lee JH, Shin JH, Lee HW, Oh YL, Hahn SY, Ko EY. Sonographic and cytopathologic correlation 4 

of papillary thyroid carcinoma variants. J. Ultrasound Med. 2015. doi:10.7863/ultra.34.1.1. 5 

46.  Shin JH. Ultrasonographic imaging of papillary thyroid carcinoma variants. Ultrasonography 2017. 6 

doi:10.14366/usg.16048. 7 

47.  Baek HJ, Kim DW, Shin GW, Heo YJ, Baek JW, Lee YJ, Cho YJ, Park HK, Ha TK, Kim DH, 8 

Jung SJ, Park JS, Ahn KJ. Ultrasonographic features of papillary thyroid carcinomas according to 9 

their subtypes. Front. Endocrinol. (Lausanne). 2018. doi:10.3389/fendo.2018.00223. 10 

 11 

 12 

 13 

 14 

  15 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgad313/7188950 by N

IH
 Library user on 03 June 2023



16 

LEGEND OF TABLES  1 

Table 1.  Main clinical and histological features of 1117 patients who underwent thyroidectomy, for a 2 

total of 1668 nodules.                                                                                                          3 

Abbreviations: PTC, Papillary thyroid carcinoma; FTC, Follicular thyroid carcinoma; NIFT-P: noninvasive 4 

follicular thyroid neoplasia with papillary-like nuclear features; PDTC, Poorly differentiated thyroid 5 

carcinoma; ATC anaplastic thyroid carcinoma; MTC medullary thyroid carcinoma. Others: 1 solitary fibrous 6 

tumor and 3 B-cell lymphomas.  7 

Table 2. Cytological and ultrasound features of benign and malignant nodules                                                         8 

Ultrasound was available in 720 benign and 390 malignant nodules. + Results of cytology are reported 9 

according to the 2014 Italian consensus for the classification of Thyroid cytology. ++“No 10 

microcalcifications” include macrocalcifications. 11 

Table 3. Ultrasound patterns of benign and malignant nodules classified as TIR3B                                                                 12 

Patterns were defined according to the presence (+), absence (-) or independently (±) of the ultrasound 13 

features. Ultrasound was available for 75 benign (B) and 77 malignant (M) nodules that had been classified 14 

as TIR3B. The number of benign and malignant nodules with the p value for each ultrasound feature and 15 

pattern are reported.  16 

Table 4. Ultrasound patterns of classic and tall cell variants of PTC                                                                                                           17 

Patterns were defined according to the presence (+), absence (-) or independently (±) of the ultrasound 18 

features. Ultrasound was available for 135 classic (CV) and 28 tall cell (TCV) variant PTC. The number of 19 

CV and TCV of PTC with the p value for each ultrasound feature and pattern are reported. 20 
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LEGEND OF FIGURES 1 

Figure 1. Distribution of cytological classes in 650 thyroid carcinomas according to histotypes. 2 

PTC: papillary thyroid carcinoma; FTC: follicular thyroid carcinoma; NIFT-P: noninvasive follicular 3 

thyroid neoplasia with papillary-like nuclear features; PDTC: poorly differentiated thyroid carcinoma; 4 

MTC: medullary thyroid carcinoma; others: solitary fibrous tumor, B-cell lymphomas 5 

 6 

Figure 2. Distribution of cytological classes in 514 papillary thyroid carcinomas according to variants. CV-7 

PTC: classic variant; TCV-PTC: tall cell variant; FV-PTC: follicular variant; SV-PTC: solid variant; other 8 

aggressive variants: columnar and hobnail variants.  9 

 10 

 11 

  12 
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 1 

Patients (n. 1117)  

Mean age (years) 49.75± 5.3 

Sex 

• Female (%) 

• Male (%) 

 

 

813 (72.8) 

304 (27.2) 

 

Thyroidectomy 

• Hemi- 

• Total  
 

 

 

145 (13.0) 

972 (87.0) 

Histological features (n. 1668)   

 

• Benign (%) 

• Malignant (%) 

 

1018 (61.0) 

650 (39.0) 

 

 

Histotype (n. 650) (%) 

• PTC 

• FTC 

• NIFT-P 

• PDTC 

• ATC 

• MTC 

• Others + 

 

 

 

514 (79.1) 

50 (7.7) 

11 (1.7) 

52 (8.0) 

3 (0.4) 

16 (2.5) 

4 (0.6) 

 

PTC variants (n. 514) (%) 

• Classic 

• Tall cell 

• Follicular  

• Solid 

• Columnar 

• Hobnail 

 

 

 

249 (48.4) 

49 (9.5) 

167 (32.5) 

34 (6.6) 

9 (1.8) 

6 (1.2) 

 2 
Table 1.   3 
 4 

 5 
Cytological features + (n. 1668)  Benign Malignant p value 

 

• TIR 1 or TIR 1C  

• TIR 2  

• TIR 3A  

• TIR 3B  

• TIR 4 

• TIR 5 

 

 

151 (9.0) 

606 (36.3) 

328 (19.7) 

260 (15.6) 

148 (8.9) 

175 (10.5) 

 

123 

573 

198 

115 

9 

0 

 

28 

33 

130 

145 

139 

175 

 

< 0.001 

< 0.001 

0.78 

< 0.001 

< 0.001 

< 0.001 

Ultrasound features (n. 1110)                                       Benign Malignant p value 

 

Echogenicity (%) 

• Hypoechoic  

• Cystic, iso- or hyperechoic 

 

 

 

475 (42.8) 

635 (57.2) 

 

 

 

 

230 

490 

 

 

 

 

245  

145 

 

 

 

 

 

< 0.001 

 

 Irregular margins (%) 
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• Yes 

• No 

 

158 (14.2) 

952 (85.8) 

 

 

224 (20.2)                                     

886 (79.8)                                                                            

71 

649 

  

                                      

107 

613   

87  

303 

 

 

117  

273 

 

< 0.001 

 

 

 

< 0.001 

 

Microcalcifications (%) 

• Yes 

• No++ 

 

 1 
Table 2 2 
 3 

 4 
 5 
 6 

Hypoechogenicity Microcalcifications Irregular Margins B vs M (n.) p value 

+ ± ± 40 vs 45 0.62 

± + ± 12 vs 15 0.67 

± ± +  1 vs 8 0.03 

+ - - 30 vs 31 1.00 

- + - 3 vs 3  1.00 

- - + 0 vs 3 0.25 

+ + - 9 vs 10  1.00 

+ - + 1 vs 3 0.62 

- + + 0 vs 1 1.00 

+ + + 0 vs 1 1.00 

- - - 32 vs 25 0.24 

 7 

Table 3.  8 

 9 

Hypoechogenicity Microcalcifications Irregular Margins CV vs TCV (n.) p value 

+ ± ± 97 vs 23 0.37 

± + ± 67 vs 11 0.43 

± ± +  46 vs 14 0.17 

+ - - 36 vs 6 0.73 
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- + - 10 vs 1 0.69 

- - + 4 vs 0 1.00 

+ + - 26 vs 3 0.41 

+ - + 11 vs 7 0.02 

- + + 7 vs 0  0.60 

+ + + 24 vs 7 0.39 

- - - 13 vs 4 0.49 

 1 

Table 4.  2 

  3 
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 1 

Figure 1 2 
165x175 mm ( x  DPI) 3 

  4 
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 1 

Figure 2 2 
154x180 mm ( x  DPI) 3 
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