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Abstract 
 

The introduction of borderline tumors into thyroid tumor 

classification significantly impacts pathology practice. As 

encapsulated noninvasive follicular pattern tumors with papillary 

thyroid carcinoma (PTC)-type nuclear features (PTC-N) were 

downgraded from carcinoma (noninvasive encapsulated follicular 

variant PTC) to borderline tumors (well-differentiated tumor of 

uncertain malignant potential (WDT-UMP) or noninvasive 

follicular thyroid neoplasm with papillary-like nuclear features 

(NIFTP)), and PTC-N no longer indicates malignancy. They are 

now included in borderline tumors in the recent 4th edition WHO 

classification. Risk stratification of thyroid carcinomas for both 

PTCs and follicular thyroid carcinomas is one of the most 

important elements in the diagnosis of thyroid tumors, which aims 

to reduce overdiagnosis and overtreatment of thyroid carcinomas. 

Identification of aggressive variants, the mutation status and 

proliferation index helps to identify high-risk cancers. Methods to 

identify aggressive variants of PTC and high-risk thyroid 

carcinoma are highlighted in this review. 
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Papillary thyroid carcinoma (PTC) 
PTC is the predominant histological type of thyroid 

malignancy worldwide regardless of iodine sufficiency. PTC 

comprises 80% to 90% of thyroid malignancies in China and 

Taiwan, and more than 90% in Japan and Korea (1-3). The 

majority of PTC is indolent carcinoma, and the relative survival 
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rate is almost 100% at 5 years after curative surgery according to 

several reports from the USA (4-5). Furthermore, the cancer 

recurrence rate in Japanese T1N0M0 PTC patients was 

approximately 3% at 10 years (6).  In a review of reports published 

from Taiwan, the 5-year survival rate was 98.2% by Lin et al. (7) 

and cancer death occurred in only 0.8% (9/1123) of patients with 

low-risk PTC according to Huang et al. (8). Even in advanced 

stage patients with PTC, Lin et al. reported the cancer mortality 

rate to be 19.0% (9). 

Epidemiologic studies have demonstrated an increasing 

incidence of thyroid cancer worldwide over the last three decades, 

mainly due to the increased incidence of PTC (1, 10). Taiwan is no 

exception. Liu et al. found that the incidence of thyroid cancer 

increased 2.2-fold from 1997 to 2012 (7). Improvements in the 

detection of thyroid cancer, such as cancer screening and 

introduction of ultrasound techniques, are considered to be the 

main reasons for this. However, the increase in incidence of 

thyroid cancer significantly varies among countries from a sharp 

rise in Korea, a significant increase in Australia, USA, Italy and 

France, to relatively modest increases in Nordic countries, the 

United Kingdom and Japan (1). Rapid increases in PTC incidence 

have been reported globally, but the rates vary among countries. 

Therefore, there is no one common factor for the increase in 

incidence.   

 

Definition of PTC 
The definition of PTC in the new WHO edition was modified 

significantly. It is “a malignant epithelial tumor exhibiting 

evidence of follicular cell differentiation and a set of distinctive 

nuclear features. It requires papillae, invasion or cytological 

features of PTC” (2). In cases without papillae or invasion, PTC-

type nuclear features (PTC-N) are required for cancer diagnosis. 

The PTC-N are divided into 3 morphological features according to 

Nikiforov et al. (2, 11). They are: 1) changes in nuclear size and 

shape, 2) irregularity of the nuclear membrane, and 3) chromatin 

characteristics. Nuclear irregularity, overlapping, grooves and 

inclusions in conventional PTC are shown in Figure 1. I consider 

these nuclear features to be fully developed nuclear features of 

conventional PTC or nuclear features of BRAF-like tumors. 

However, PTC-N as defined in the WHO Classification is 

somewhat different from that in Figure 1. Please refer to the 

illustrations in the WHO classification (Figure 2.23) (2) or nuclear 

score   guide  provided  in  Nikiforov’s  seminal  paper  on  NIFTP  
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Fig. 1. Papillary thyroid carcinoma-type nuclear features in a conventional-type PTC. Nuclear size enlargement, irregular nuclear contour, 

including elongation, grooves and inclusion, and pale chromatin pattern are clearly observed. (HE stain, x40) 

 

 

 

 
 

Fig. 2. Nuclear features in noninvasive encapsulated follicular thyroid neoplasm with papillary-like nuclear features (NIFTP). Mild nuclear 

enlargement, moderate nuclear irregularity and pale chromatin are seen in follicular pattern tumors. Only a few delicate grooves and no 

nuclear cytoplasmic inclusion were found. (HE stain, x40) 
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(http://jamanetwork.com/journals/jamaoncology/fullarticle/251325

0) (11). An example of nuclear score 3 in NIFTP (non-invasive 

encapsulated follicular variant PTC (FVPTC)) is shown in Figure 

2, which includes mild nuclear enlargement, nuclear contour 

irregularity,   delicate   grooves  and chromatin clearing (Figure 2), 

different from the fully developed nuclear changes in classic PTC 

shown in Figure 1. However, both are called PTC-N in Western 

practice, whereas most Asian pathologists accept only fully 

developed (well-developed) nuclear features as PTC-N (12-16). 

The diagnostic criteria for nuclear features of malignant PTC were 

found to be different among pathologists despite being described in 

the WHO classification. This is one of the possible contributing 

factors for the recent worldwide increase in thyroid cancer 

incidence and the varied rates among countries. The diagnostic 

threshold for PTC-type malignancy is lower in Western practice in 

particular. This has been reported by many pathologists (12, 13, 

17-25) since 2000, but was not addressed until non-invasive 

encapsulated FVPTC became reclassified from the malignant 

category to borderline tumor (NIFTP) by Nikiforov et al. (11). 

This change has yet to be appreciated by pathologists. This NIFTP 

reclassification from cancer to borderline tumor means that so-

called PTC-N in Western practice has been divided into 2 separate 

lineages, nuclear features of conventional PTC (malignant) and 

dysplastic nuclear features seen in NIFTP or WDT-UMP (not 

malignant). In a study by the Cancer Genome Atlas Research 

Network, PTC was divided into BRAF-like tumors and RAS-like 

tumors, and PTCs with RAS mutations were mostly FVPTCs (26) 

as confirmed in many other studies (27-33). As a result, these 

nuclear changes of thyroid tumors parallel each genetic change, 

with well-developed nuclear features in BRAF-mutated 

conventional PTC, and delicate nuclear changes in RAS-mutated 

FVPTCs, FA and borderline tumors. 

 

Trend of follicular cell-derived thyroid neoplasms in the 

USA (Figure 3)  
Due to the lax criteria for PTC-N, which included nuclear 

change in RAS-like tumors, in the USA, significant numbers of 

follicular adenomas (FAs) were classified as non-invasive 

encapsulated FVPTC in recent American pathology practice 

(Figure 3). This may have been due to the popularity of fine needle 

aspiration in thyroid practice, and PTC-N was accepted as 

diagnostic for PTC in the early 1970s. This trend was further 

enhanced by the introduction of FVPTC by Chen and Rosai in 

1977 (34). Ohori and Mehrzad et al. suggested that some tumors 

previously diagnosed as follicular adenomas are often classified as 

FVPTC in the USA, particularly as noninvasive encapsulated 

FVPTC (20, 21) (Figure 3). The introduction of borderline tumors 

was intended to revise them from carcinoma (non-invasive 

encapsulated FVPTC) to the original benign category (NIFTP, 

WDT-UMP or FA). Although there is a significant number of 

cases that cannot be confidently classified as either benign or 

malignant, NIFTP comprised less than 5% of malignancies in most 

Asian practices (14, 15, 35). When a higher rate (more than 10%) 

of borderline tumors on histology is noted, the criteria for risk 

stratification of indeterminate thyroid nodules for surgery may be 

lax and should be improved to minimize it to less than 5%. 

Consequently, the ratio of borderline tumors among all thyroid 

malignancies or all PTC can be used as a quality measure. The 

average rate of NIFTP (noninvasive encapsulated FVPTC) in the 

USA was reported to be 17% by Faquin and Wells, and 18.6% 

based on data from 4 Italian and American institutions by 

Nikiforov et al. in 2016 (11, 36). The author of this review 

believes that it can be reduced to less than 5% when proper risk 

stratification for surgery is applied to the indeterminate nodules 

and diagnostic surgery is limited to patients with suspicious 

ultrasound features or molecular profiles. 

 

The threshold of PTC-N is key to establish diagnostic 

criteria for PTC 
The diagnostic threshold for PTC-N varies significantly 

among pathologists (12, 13, 17-23, 37). The distinction between 

PTC and FTC using PTC-N may be not clinically important 

because both are malignant tumors. However, it is paramount 

when no other evidence of malignancy is found. When few 

follicles are found in the peripheral sinus of the cervical lymph 

node, what is your interpretation? Whether it is metastasis 

(malignant) or ectopic thyroid tissue (benign) relies solely on the 

subjective judgement of nuclear features. Figure 4 is one such 

example. This patient had multiple PMCs in the thyroid and 

multiple lymph node metastases in the lymph nodes. As there was 

mild nuclear enlargement, the nuclear shape irregularity and glassy 

chromatin in a few nuclei indicated that these follicles were 

metastatic PTC in a follicular growth pattern (Figure 4). This is an 

essential step to establish diagnostic criteria for PTC-N for 

malignancy, which is important for diagnosing PTC properly and 

downgrading NIFTP to the borderline category. Please note that 

the diagnostic threshold for PTC-N varies significantly among 

pathologists, and it is stricter in Asian practice (only BRAF-like 

tumors) and wider (both BRAF- and RAS-like tumors) in Western 

practice. 

 

Growth pattern of PTC  
In the diagnostic criteria for PTC, papillae, invasion or 

cytological features of PTC are required according to the recent 

WHO classification. The presence of papillae usually helps in 

making a confident diagnosis of PTC. Both patterns, follicular and 

papillary, are often seen in PTC in varying proportions. The 

papillae are composed of a central fibro-vascular stalk covered by 

a neoplastic epithelial lining (Figure 5A). True papillae diagnostic 

for PTC should be covered with neoplastic follicular cells with 

PTC-N (Figure 5A). When PTC-N is absent or questionable, it is 

likely a hyperplastic nodule with papillary hyperplasia (Figure 5B). 

Please compare the nuclear features between Figure 5A (true 

papillae diagnostic for malignancy) and Figure 5B (hyperplastic 

papillary growth in benign adenomatous nodule). Again, 

establishment of diagnostic criteria for PTC-N for malignancy is 

essential for good pathology practice. 

 

Invasion as an indication of malignancy 
The new WHO classification defined PTC as a malignant 

epithelial tumor that is usually established by identification of the 

invasive nature. Invasion is classified into 1) capsular invasion, 2) 

lymphatic invasion, 3) vascular invasion and 4) extra-thyroid 

invasion (Figure 6). Invasion is a prognostic factor of all 

histological types of thyroid carcinoma that indicates a high 

probability of recurrence and poor prognosis (2, 38). Figure 6 is an 

example of extrathyroid invasion. A locally invasive PTC 

exhibited invasive growth into the muscle tissue (Figure 6). 

Lymphatic invasion (Figure 7) and vascular invasion (please refer 

to Figure 9 in reference 39) are definitive for malignancy.  

 

Aggressive variants of PTC  
The majority of PTC follows an indolent clinical course and is 

associated   with   very   low   mortality.  Risk  stratification   using  
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Fig. 3. Trend of follicular cell-derived thyroid neoplasms in the USA. Epidemiologic studies have reported an increasing incidence of 

thyroid cancer worldwide over the last three decades, mainly due to the increased incidence of PTC. Some tumors previously diagnosed as 

follicular adenomas are increasingly classified as FVPTC, particularly as noninvasive EFVPTC in the USA (red arrow). This trend was 

likely enhanced by the popularity of fine needle aspiration cytology in the 1970s, the introduction of FVPTC by Chen and Rosai in 1977 

and the development of ultrasound image diagnosis. Information on the incidence of papillary thyroid carcinoma variants in the USA was 

adopted from Faquin and Wells (ref. 36). The introduction of borderline tumors (NIFTP) was intended to reverse this trend (blue arrow) 

from carcinoma (EFVPTC) to the original benign (non-malignant or biologically indolent) category (NIFTP or WDT-UMP), and to reduce 

overdiagnosis and overtreatment of indolent thyroid tumors. PTC: papillary thyroid carcinoma; FVPTC: follicular variant PTC; EFVPTC: 

encapsulated FVPTC; NIFTP: noninvasive follicular thyroid neoplasm with papillary-like nuclear features; WDT-UMP: well differentiated 

tumor of uncertain malignant potential. 

 

 
 

Fig. 4. Lymph node metastasis of a follicular pattern PTC. Follicles are observed in the peripheral sinus of a cervical lymph node (A: HE 

stain, x4). These follicles are composed of low cuboidal epithelial cells with colloid production (B: HE stain, x40). These nuclei are slightly 

enlarged and have irregular nuclear contours with few grooves. Nuclear chromatin is rather densely stained with hematoxylin and few 

nuclei (two blue arrows) have a clear chromatin pattern (B). No true papillae, psammoma bodies or nuclear cytoplasmic inclusions were 

found. 
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Fig. 5. True papillae (A) seen in PTC and papillary structures in a hyperplastic adenomatous nodule (B). Note true papillae are composed of 

a central fibro-vascular stalk covered by a neoplastic epithelial lining (A). Note the absence of PTC-N in B. (HE stain, x40) 

 

 

 

 
 

Fig. 6. Extrathyroid invasion into muscle tissue by PTC. (HE stain, x4) 
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Table 1. Histological types of papillary thyroid carcinoma in the 

4th edition WHO classification (ref. 2) 

1. Papillary Microcarcinoma (less than 1 cm) 

2. Encapsulated variant 

3. Follicular variant 

4. Diffuse sclerosing variant 

5. Tall cell variant 

6. Columnar cell variant 

7. Cribriform-morular variant 

8. Hobnail variant (new variant in the 4th edition) 

9. PTC with fibromatosis/fasciitis-like stroma 

10. Solid/trabecular variant 

11. Oncocytic variant 

12. Spindle cell variant 

13. Clear cell variant 

14. Warthin-like variant 

Note that variant numbers 4, 5, 6, 8 and 10 are so-called aggressive 

variants. 

 

 

 

multiple clinical and pathological characteristics has become the 

standard of care for appropriate patient management. In the 2015 

ATA clinical guidelines for management of thyroid nodules, 

thyroid follicular cell carcinomas are risk stratified for structural 

disease recurrence (38). Some histological parameters, such as 

aggressive histology, extrathyroid extension, lymph node 

metastasis and incomplete resection, are indicative for high risk of 

structural disease recurrence, and among them, aggressive 

histology can only be judged by pathologists. There are 14 variants 

of PTC and the hobnail variant was newly incorporated in the 4th 

edition WHO classification (Table 1). Variants 4 (diffuse 

scleroses), 5 (tall cell), 6 (columnar cell), 8 (hobnail) and 10 

(solid/trabecular) in the Table 1 belong to the so-called aggressive 

variants and were reported to be biologically aggressive (2). 

Therefore, identification of these variants is clinically important 

for multidisciplinary discussion to decide further postoperative 

clinical management of the patient.  

 

Diffuse sclerosing variant 
The diffuse sclerosing variant of PTC is characterized by 

extensive lymphatic invasion (Figure 7). It occurs more commonly 

in young women in the second or third decade of life (2, 40, 41). 

Histologically, it is characterized by dense sclerosis, numerous 

psammoma bodies and background of chronic Hashimoto-type 

thyroiditis (Figure 7). The diffuse sclerosing variant is associated 

with a higher incidence of extrathyroid invasion, lymph node 

metastasis and distant metastasis. The 10-year disease-specific 

survival was reported to be 93% (41).  

 

Hobnail variant 
The hobnail variant is defined as >30% of cells having 

hobnail features (Figure 8A). Recurrence and metastasis to lymph 

nodes and distant organs are frequent. Histologically, complex 

papillary and micropapillary structures, which are covered with 

follicular cells containing apically located nuclei that have lost 

cellular cohesion, are observed (2, 42). Our group reported the loss 

of cellular cohesion, loss of cellular polarity (apically located 

nuclei) and micropapillary/hobnail histological features in PTCs as 

loss of cellular polarity/loss of cellular cohesion (LOP/LCC) (43-

47). Minor LOP/LCC is often found at the invasive front of PTCs 

and we first reported that these features were associated with a less 

favorable prognosis (43-47). As >30% of hobnail features are 

required by Asioli et al., it was reported as a rare variant (42). 

However, the minor component of LOP/LCC (hobnail) is not rare 

in PTCs and is often observed at the invasive front (>10% of 

invasive PTC) (46, 47) and in most diffuse sclerosing variant PTC. 

Figure 8 is an example of hobnail variant PTC (Figure 8A). It is 

characterized by varied nuclear positioning (so-called pseudo-

stratification of nuclei) in tumor cells, but it is different from the 

columnar cell variant due to the loss of cellular cohesion (Please 

refer to columnar cell variant section below). As it is often found at 

the invasive front, we speculate that this morphological change can 

be an indicator for high risk of local invasion and local recurrence, 

which may be based on the epithelial-mesenchymal transition (46, 

47). The Ki67 labeling index is usually high in hobnail variant 

PTCs (Figure 8B). The WHO classification recommended to 

classify it as an aggressive variant of PTC from a prognostic point 

of view.   

 

Tall cell variant 
The tall cell variant of PTC is composed of cells that are two- 

to three-times as tall as they are wide (Figure 9) (48). The tall cell 

variant is a common histological feature seen in conventional PTC, 

and must comprise more than 30% of all tumor cells to be an 

aggressive variant (2, 48). Some cells have oxyphilic cytoplasm 

(Figure 9A) and the others have non-oxyphilic cytoplasm (Figure 

9B). Ito et al. from Kuma Hospital in Japan compared 

conventional PTCs and tall cell variant PTCs for cancer recurrence 

and cancer death in more than 1000 patients. The tall cell variant 

was independently correlated with a poorer disease-free survival 

rate and disease-specific survival rate by multivariate analysis (49). 

 

Columnar cell variant 
The columnar cell variant of PTC is a kind of tall cell variant. 

This variant is characterized by prominent nuclear pseudo-

stratification and nuclear features that are usually not PTC-type 

(Figure 10A). It is a rare variant of PTC and is positive for CDX2, 

a putative feature of intestinal-type differentiation (50). Therefore, 

metastatic carcinoma from other sites must be ruled out, 

particularly from the alimentary tract. Columnar cell variant PTCs 

are usually aggressive when invasive (2, 50). The columnar cell 

variants usually have a high proliferation index (Figure 11B). 

 

Solid/trabecular variant (Sakamoto-type poorly 

differentiated carcinoma) 
Poorly differentiated carcinoma (PDC) was defined as 

follicular-cell neoplasms exhibiting limited structural follicular cell 

differentiation occupying an intermediate position morphologically 

and behaviorally between differentiated (follicular and papillary 

carcinomas) and undifferentiated carcinoma (2). The 

histopathological diagnostic criteria for PDC were newly listed in 

the Turin consensus proposal (51). In the Turin proposal, 

solid/trabecular carcinoma with PTC-N was excluded from PDC; 

therefore, solid/trabecular carcinoma with PTC features 

(Sakamoto-type PDC) was converted from PDC to an aggressive 

variant PTC in the 4th edition WHO classification. Figure 11 is an 

example of solid/trabecular variant PTC (Figure 11). In the 

previous edition WHO blue book (52), it was classified as PDC, 

Sakamoto-type (53). It was excluded from PDC, and was classified 

as solid/trabecular (aggressive) variant PTC in the 4th edition 

WHO classification because its prognosis in adult patients was 

better than that of PDC, with a 10-year disease-specific survival 

rate of approximately 90% (2, 54). 
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Fig. 7. Lymphatic invasion in diffuse sclerosing variant PTC. Multiple nests of tumor cells with psammoma bodies are seen in the 

background of chronic thyroiditis (A: HE stain, x4).  Invasive growth in a micropapillary/hobnail pattern and psammoma bodies are found 

within a lymphatic channel (B: HE stain, x20).  

 

 

 

 
Fig. 8. Hobnail (loss of cellular polarity/loss of cellular cohesion) variant of PTC. Piling or pseudostratification of nuclei (loss of cellular 

polarity) in PTC tumor cells is found at the invasive front (A: HE stain, x20). Some cells are detached from the tumor cell mass (loss of 

cellular cohesion) floating in spaces or forming a micropapillary growth pattern (A). This is an aggressive variant and has a high Ki67 

proliferation index (B: Ki67 immuno-peroxidase stain, x20).  
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Fig. 9. Tall cell variant PTC: oxyphilic type (A) and non-oxyphilic type (B). The tall cell variant of PTC is composed of cells that are two- 

to three-times as tall as they are wide. The tall cell variant is a common histological feature observed in conventional PTC, and must 

comprise more than 30% of all tumor cells to be an aggressive variant. (HE stain, x40) 

 

 

 

 
 

Fig. 10. Columnar cell variant PTC. The columnar cell variant is characterized by prominent nuclear pseudo-stratification and nuclear 

features that are usually not PTC-type (A: HE stain, x20). Although both hobnail and columnar cell variants share nuclear pseudo-

stratification, loss of cellular cohesiveness is a characteristic features in the hobnail variant (Figure 8A), whereas it is not found in the 

columnar cell variant (A). This is an aggressive variant with a high Ki67 proliferation index (B: Ki67 immuno-peroxidase stain, x20).  
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Fig. 11. Solid/trabecular variant (termed Sakamoto-type PDC). Solid/trabecular growth PTC and FTC were classified into PDC in the 

previous 2004 edition of the WHO classification of thyroid tumors (ref. 52, 53). Cases with PTC-N in this illustration were excluded from 

PDC in the 4th edition 2017 WHO classification (ref. 2). (HE stain, x20). PTC: papillary thyroid carcinoma; FTC: follicular thyroid 

carcinoma; PDC: poorly differentiated carcinoma. 

 

 

 
Fig. 12. A high-risk thyroid carcinoma from a 65-year-old female patient. Mild nuclear pleomorphism and follicular cell differentiation was 

discernible (A: HE stain, x20). Therefore, by the WHO definition, this tumor is not a PDC but well-differentiated carcinoma (FTC or PTC). 

The patient developed brain (B) and bone (C) metastases. Increased mitoses (A) and a high Ki-67 labeling index (D: Ki-67 immuno-

peroxidase stain, x10) are unusual for well-differentiated carcinoma with a favorable prognosis.  
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Other histological features in follicular cell carcinomas 

indicating high-risk thyroid carcinoma 
Although cases of papillary carcinoma or follicular carcinoma 

differentiation were excluded from PDC in the WHO 

classification, there were thyroid carcinomas with poor outcomes. I 

will   introduce   2   other   morphological    methods    to    identify 

biologically high-risk thyroid carcinomas among cases of PTC or 

FTC differentiation. Histological grading based on the 

identification of necrosis or increased mitotic activity was reported 

as PDC by Hiltzik et al. in 2006 (55). This type of high-risk 

thyroid carcinoma with a poor outcome overlapped considerably 

with PDC defined by the Turin criteria (51). However, the new 

WHO classification excludes these from PDC and states that 

“aggressive forms of papillary or follicular carcinomas should not 

be included in the PDC category if they retain distinctive tumor 

differentiation” (Figure 12A) (2). The author of this review 

believes that high-risk thyroid carcinomas can be found in several 

histological types of thyroid carcinomas other than 

solid/trabecular/insular carcinomas. We previously proposed 

immunohistochemical evaluation of the Ki-67 labelling index in 

thyroid tumor classification to identify cases with increased growth 

fraction. Confirmation of a high proliferation index with Ki-67 

immunohistochemistry is a more objective method to more 

confidently diagnosis high-risk carcinomas. Table 2 is our 

proposed classification published in 2015 (56). This prognostic 

classification was characterized by risk stratification of thyroid 

carcinomas with the Ki-67 proliferation index into low-risk, 

moderate-risk, high-risk or undifferentiated carcinomas, in addition 

to a borderline tumor category (Table 2).  

 

How to measure the proliferation index by 

immunohistochemistry 
Ki-67 staining is usually not homogeneous, and hot spots may 

exist (Figure 13). Currently, measurements at the hot spots are 

recommended on evaluation of tumor growth. A method to count 

Ki-67-positive cells is not well-established because of limitations 

in immunohistochemical techniques such as antigen activation, 

poor fixation and/or delayed fixation. About 500 to 1000 tumor 

cells are usually counted and expressed as a percentile of positive 

cells. Selection of densely distributed areas of positive tumor cells 

(hot spots) is recommended (Table 3). Automated computer 

assisted measurement is helpful, but pigmentation, non-specific 

staining and overlapping nuclei remain (57). Several excellent 

publications have discussed how to measure the Ki-67 labelling 

index (57-60).  

 

Discrepancy between aggressive histology and the 

proliferation index 
It is important to note that not all morphologically aggressive 

variants and dedifferentiated thyroid carcinomas have high Ki-67 

labeling (Figure 14). Figure 14A is an example of tall cell variant 

PTC, but only 1% of cells is positive for Ki-67 in Figure 14B. 

Aggressive thyroid carcinomas may be confidently diagnosed by 

confirmation with the high Ki-67 labeling index (56, 61). 

 

Confirmation of high-risk thyroid carcinoma with the 

Ki-67 proliferation index 
Figure 12 is an example of a high-risk thyroid carcinoma from 

a 65-year-old female patient. The patient had invasive thyroid 

carcinoma with follicular cell differentiation (Figure 12A), and 

developed metastases in the brain and bones (Figure 12B and 

12C).   Only    mild   nuclear   pleomorphism   and   follicular   cell  

Table 2: Classification of follicular cell tumors using the Ki-67 

labeling index (Ki-67 LI) (ref. 56) 

A: Benign Tumors (Ki-67 LI: <3%) 

1. Follicular Adenoma 

B: Borderline Tumors (Ki-67 LI: <3%, and T1, N0, EX0 and M0) 

1. Encapsulated tumors 

1) Well-Differentiated Tumor of Uncertain Malignant 

Potential 

2) Follicular Tumor of Uncertain Malignant Potential 

3) Encapsulated Follicular Variant Papillary Carcinoma 

without Invasion 

4) Encapsulated conventional Papillary Carcinoma without 

Invasion 

5) Capsular Invasion Only Follicular Carcinoma 

2. Non-Encapsulated Tumors (formerly called Papillary Micro-

Carcinoma) 

1) Papillary Micro-Tumor (<1 cm) 

C: Malignant Tumors (Invasive Carcinoma and >1 cm) 

1. Low Risk (Ki-67 LI: <5%) 

2. Moderate Risk (Ki-67 LI: 5-10%) 

3. High Risk (Ki-67 LI: 10-30%) 

4. Undifferentiated Carcinoma (Ki-67 LI: >30%) 

 

 

Table 3: How to measure the Ki67 labeling index 

1. Hot spots. 

2. About 500 to 1000 tumor cells on screen or prints. 

3. How to exclude positive non-neoplastic cells? 

4. Should we include faintly stained cells? 

5. Automated computer counting software is helpful, but it suffers 

pigments, non-specific staining and overlapping nuclei. 

 

 

differentiation were noted without solid/trabecular/insular growth 

(Figure 12A). Increased mitoses (Figure 12A) and a high Ki-67 

labeling index (Figure 12D) are unusual for well-differentiated 

follicular cell carcinoma with a favorable prognosis. However, the 

new WHO classification excludes this type of high-risk thyroid 

carcinoma from the PDC category, and stated that “aggressive 

forms of papillary or follicular carcinomas should not be included 

in the poorly differentiated category if they retain distinctive tumor 

differentiation” (2). The author of this review believes that high-

risk thyroid carcinomas can be confidently diagnosed by the 

combination of a high Ki-67 labeling index and histological 

features of dedifferentiation (loss of cellular polarity/loss of 

cellular cohesion). Figures 15 and 16 are from a PTC patient 

(Figure 15A) with a poorly differentiated component with necrosis 

(Figure 15B) and minor anaplastic component (Figure 15C). The 

diagnosis was confirmed by the low Ki-67 index (3-5%) in Figure 

16A, intermediate (10-15%) index in Figure 16B and extremely 

high (50-60%) index in Figure 16C. Thus, based on the Ki-67 

proliferation index, progression from PTC to anaplastic carcinoma 

in association with PDC can be confirmed. Spindle cell variant 

PTC (low-risk carcinoma) can be confidently discriminated, and 

highly aggressive PTC with anaplastic transformation can be 

diagnosed. The morphological identification of aggressive variants 

of PTC, PDC and anaplastic carcinomas and confirmation of high 

Ki-67 proliferation index help to identify high-risk thyroid cancers. 

Risk stratification of thyroid carcinomas has become an essential 

component of pathology reports. 
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Fig. 13. Hot spots on Ki-67 immunostaining. Ki-67 immunohistochemical staining of tumor tissue is not always homogeneous (A). B, a 

higher magnification of the blue square in A, showes only a few positive signals, whereas C, a higher magnification of the red square in A, 

shows a high Ki-67 labeling index of more than 20%. (Immuno-peroxidase staining for Ki-67: A: x10; B: x40; C: x20) 

 

 

 

 
 

Fig. 14. Tall cell variant PTC with a low Ki-67 proliferation index. This papillary carcinoma has abundant cytoplasm and tall cells (A: HE 

stain, x40), but Ki-67 immunohistochemistry demonstrated a low (less than 1%) labeling index (B: Ki67 immuno-peroxidase stain, x40). 
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Fig. 15. High-risk papillary carcinoma (A) contains a poorly differentiated part with necrosis (B) and a spindle/giant cell anaplastic 

component (C). (HE stain, x20) 

 

 

 
 

Fig. 16. Immunohistochemistry for Ki-67 on the case illustrated in Fig. 15 demonstrated only 3-5% Ki-67 positivity in A, 10-15% 

positivity in B and extremely high (50-60%) positivity in C. (Immuno-peroxidase staining for Ki-67, x20) 



 Kakudo et al. Papillary thyroid neoplasms. JBCM 2018; 7(1):21-35 

- 31 - 

 

 

References 
 

1. Vaccarella S, Franceschi S, Bray F, Wild CP, Plummer M, 

Dal Maso L. Worldwide thyroid-cancer epidemic? the 

increasing impact of overdiagnosis. N Engl J Med 2016; 

375:614-7. 

2. Lloyd RV, Osamura RY, Klöppel G, Rosai J (editors). WHO 

Classification of Tumours of Endocrine Organs (4th edition). 

IARC: Lyon, France, 2017. 

3. Liu FC, Lin HT, Lin SF, Kuo CF, Chung TT, Yu HP. 

Nationwide cohort study on the epidemiology and survival 

outcomes of thyroid cancer. Oncotarget 2017; 8:78429-51. 

4. Noone AM, Cronin KA, Altekruse SF, Howlader N, Lewis 

DR, Petkov VI, Penberthy L Cancer incidence and survival 

trends by subtype using data from the surveillance 

epidemiology and end results program, 1992-2013. Cancer 

Epidemol Biomarkers Prev 2017; 26:632-41. 

5. SEER Cancer Statistics Review, 1975-2012. (available at 

https://seer.cancer.gov/archive/csr/1975_2012/) 

6. Ito Y, Miyauchi A. Prognostic factors of papillary and 

follicular carcinoma in Japan based on data of Kuma hospital. 

J Thyroid Res 2012; 2012:973497.  

7. Lin JD, Chen ST, Hsueh C, Chao TC. A 29-year retrospective 

review of papillary thyroid cancer in one institution. Thyroid 

2007; 17:535-41. 

8. Huang BY, Lin JD, Chao TC, Lin KJ, Hseuh C, Tsang NM. 

Therapeutic outcomes of papillary thyroid cancer patients in 

different risk groups. Oncology 2012; 80:123-9. 

9. Lin JD, Lin KJ, Chao TC, Hseuh C, Tsang NM. Therapeutic 

outcomes of papillary thyroid carcinomas with tumors more 

advanced than T1N0M0. Radiother Oncol 2008; 89:97-104. 

10. Welch HG, Black WC. Overdiagnosis in cancer. J Natl 

Cancer Inst 2010; 102:605-13. 

11. Nikiforov YE, Seethala RR, Tallini G, Baloch ZW, Basolo F, 

Thompson LD, Barletta JA, Wenig BM, Al Ghuzlan A, 

Kakudo K, Giordano TJ, Alves VA, Khanafshar E, Asa SL, 

El-Naggar AK, Gooding WE, Hodak SP, Lloyd RV, Maytal 

G, Mete O, Nikiforova MN, Nosé V, Papotti M, Poller DN, 

Sadow PM, Tischler AS, Tuttle RM, Wall KB, LiVolsi VA, 

Randolph GW, Ghossein RA. Nomenclature revision for 

encapsulated follicular variant of papillary thyroid carcinoma. 

A paradigm shift to reduce overtreatment of indolent tumors. 

JAMA Oncol 2016; 2:1023-9. 

12. Kakudo K, Katoh R, Sakamoto A, Asa S, DeLellis RA, 

Carney JA, Naganuma H, Kameyama K, Takami H. Thyroid 

gland: international case conference.  Endocr Pathol 2002; 13: 

131-4.  

13. Hirokawa M, Carney JA, Goellner JR, DeLellis RA, Heffess 

CS, Katoh R, Tsujimoto M, Kakudo K. Observer variation of 

encapsulated follicular lesions of the thyroid gland.  Am J 

Surg Pathol 2002; 26:1508-14. 

14. Bychkov A, Jung CK, Liu Z, Kakudo K. Noninvasive 

follicular thyroid neoplasm with papillary-like nuclear 

features in Asian practice: Perspectives for surgical pathology 

and cytopathology. Endocr Pathol 2018; doi: 10.1007/s12022-

018-9519-6. [Epub ahead of print] 

15. Kakudo K, Higuchi M, Hirokawa M, Satoh S, Jung CK, 

Bychkov A. Thyroid FNA cytology in Asian practice – Active 

surveillance for indeterminate thyroid nodules reduces 

overtreatment of thyroid carcinomas. Cytopathology 2017; 

doi: 10.1111/cyt.12491. [Epub ahead of print] 

16. Kakudo K, El-Naggar AK, Hodak SP, Khanafshar E, 

Nikiforov YE, Nosé V, Thompson LDR. Noninvasive 

follicular thyroid neoplasm with papillary-like nuclear 

features (NIFTP) in thyroid tumor classification. Pathol Int 

2018; (in press) 

17. Williams ED. Guest Editorial: Two proposal regarding the 

terminology of thyroid tumors. Int J Surg Pathol 2000; 8:181-

3. 

18. Chan J. Strict criteria should be applied in the diagnosis of 

encapsulkated follicular variant of papillary thyroid 

carcinoma. Am J Clin Pathol 2002; 117:16-8. 

19. Renshaw AA, Gould EW. Why there is the tendency to 

"overdiagnose" the follicular variant of papillary thyroid 

carcinoma. Am J Clin Pathol 2002; 117:19-21.  

20. Ohori NP. FNA cytopathology and molecular test 

characteristics in the changing landscape of papillary thyroid 

carcinoma. J Basic Clin Med 2015;,4:103-9. 

21. Mehrzad R, Nishino M, Connolly J, Wang H, Mowschenson 

P, Hasselgren PO. The relationship between the follicular 

variant of papillary thyroid cancer and follicular adenomas. 

Surgery 2016; 159:1396-406.  

22. Jung CK, Kim C. Effect of lowering the diagnostic threshold 

for noninvasive follicular thyroid neoplasm with papillary-

like nuclear features: A single-institution experience in Korea. 

J Basic Clin Med 2017; 6:26-8. 

23. Tallini G, Tuttle RM, Ghossein RA. The history of the 

follicular variant of papillary thyroid carcinoma. J Clin 

Endocrinol Metab 2017; 102:15-22.  

24. Lloyd, RV, Asa SL, LiVolsi VA, Sadow PM, Tischler AS, 

Ghossein RA, Tuttle RM, Nikiforov YE. The evolving 

diagnosis of noninvasive follicular thyroid neoplasm with 

papillary-like nuclear features (NIFTP). Hum Pathol DOI: 

https://doi.org/10.1016/j.humpath.2017.12.027 

25. Alves VA, Kakudo K, LiVolsi VA, Lloyd RV, Nikiforov YE, 

Nosé V, Papotti M. Thompson LDR. Noninvasive follicular 

thyroid neoplasm with papillary-like nuclear features 

(NIFTP): Achieving better agreement by refining diagnostic 

criteria. Clinics 2018; (in press) 

26. Cancer Genome Atlas Research Network: Integrated genomic 

characterization of papillary thyroid carcinoma. Cell 2014; 

159:676-90. 

27. Angell TE. RAS-positive thyroid nodules. Curr Opin 

Endocrinol Diabetes Obes 2017; 24:372-6. 

28. Patel SG, Carty SE, McCoy KL, Ohori NP, LeBeau SO, 

Seethala RR, Nikiforova MN, Nikiforov YE, Yip L. 

Preoperative detection of RAS mutation may guide extent of 

thyroidectomy. Surgery 2017; 161:168-75. 

29. An JH, Song KH, Kim SK, Park KS, Yoo YB, Yang JH, 

Hwang TS, Kim DL. RAS mutations in indeterminate thyroid 

nodules are predictive of the follicular variant of papillary 

thyroid carcinoma. Clin Endocrinol (Oxf) 2015; 82:760-6. 

30. Hwang TS, Kim WY, Han HS, Lim SD, Kim WS, Yoo YB, 

Park KS, Oh SY, Kim SK, Yang JH. Preoperative RAS 

mutational analysis is of great value in predicting follicular 

variant of papillary thyroid carcinoma. Biomed Res Int 

2015;2015:697068. doi: 10.1155/2015/697068.  

31. Radkay LA, Chiosea SI, Seethala RR, Hodak SP, LeBeau SO, 

Yip L, McCoy KL, Carty SE, Schoedel KE, Nikiforova MN, 

Nikiforov YE, Ohori NP. Thyroid nodules with KRAS 

mutations are different from nodules with NRAS and HRAS 

mutations with regard to cytopathologic and histopathologic 

outcome characteristics. Cancer Cytopathol 2014; 122:873-

82. 

32. Yoo SK, Lee S, Kim SJ, Jee HG, Kim BA, Cho H, Song YS, 

Cho SW, Won JK, Shin JY, Park do J, Kim JI, Lee KE, Park 



 Kakudo et al. Papillary thyroid neoplasms. JBCM 2018; 7(1):21-35 

- 34 - 

 

YJ, Seo JS. Comprehensive analysis of the transcriptional and 

mutational landscape of follicular and papillary thyroid 

cancers. PLoS Genet 2016; 12(8):e1006239.  

33. Yip L, Nikiforova M, Yoo JY, McCoy KL, Stang MT, 

Armstrong MJ, Nicholson KJ, Ohori NP, Coyne C, Hodak SP, 

Ferris RL, LeBeau SO, Nikiforov YE, Carty SE. Tumor 

genotype determines phenotype and disease-related outcomes 

in thyroid cancer: A study of 1510 patients. Ann Surg 2015; 

262:519-25. 

34. Chen KT, Rosai J. Follicular variant of thyroid papillary 

carcinoma: a clinicopathologic study of 6 cases. Am J Surg 

Pathol 1977; 123-30. 

35. Bychkov A, Hirokawa M, Jung CK, Liu Z, Zhu Y, Hong SW, 

Satoh S, Lai CR, Huynh L, Kakudo K. Low rate of 

noninvasive follicular thyroid neoplasm with papillary-like 

nuclear features in Asian practice. Thyroid 2017; 27:983-4. 

36. Faquin JA, Wells SA. Biologic and clinical perspectives on 

thyroid cancer. N Engl J Med 2016; 375:1054-67. 

37. Lloyd RV, Erickson LA, Casey MB, Lam KY, Lohse CM, 

Asa SL, Chan JK, DeLellis RA, Harach HR, Kakudo K, 

LiVolsi VA, Rosai J, Sebo TJ, Sobrinho-Simoes M, Wenig 

BM, Lae ME. Observer variation in the diagnosis of follicular 

variant of papillary thyroid carcinoma. Am J Surg Pathol 

2004; 28:1336-40. 

38. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel 

SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka AM, 

Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward 

DL, Tuttle RM, Wartofsky L. 2015 American Thyroid 

Association Management Guidelines for Adult Patients with 

Thyroid Nodules and Differentiated Thyroid Cancer: The 

American Thyroid Association Guidelines Task Force on 

Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid 

2016; 26:1-133. 

39. Kakudo K, Li Y, Taniguchi E, Liu Z. Follicular Neoplasms in 

the 4th Edition WHO Classification of Endocrine Organs. J 

Basic Clin Med 2018; in press 

40. Soares J, Limbert E, Sobrinho-Simoes M. Diffuse sclerosing 

variant of papillary thyroid carcinoma. A clinicopathologic 

study of 10 cases. Pathol Res Pract 1989; 185:200-6. 

41. Lam AK, Lo CY. Diffuse sclerosing variant of papillary 

carcinoma of the thyroid: a 35-year comparative study at a 

single institution. Ann Surg Oncol 2006; 13:176-81. 

42. Asioli S, Erickson LA, Sebo TJ, Zhang J, Jin L, Thompson 

GB, Lloyd RV. Papillary thyroid carcinoma with prominent 

hobnail features: a new aggressive variant of moderately 

differentiated papillary carcinoma. A clinicopathologic, 

immunohistochemical, and molecular study of eight cases. 

Am J Surg Pathol 2010; 34:44-52. 

43. Tang W, Nakamura Y, Zuo H, Yasuoka H, Yang Q, Wang X, 

Nakamura M, Mori I, Miyauchi A, Kakudo K.  

Differentiation, proliferation and retinoid receptor status of 

papillary carcinoma of the thyroid.  Pathol Int 2003; 53:204-

13.  

44. Kakudo K, Tang W, Ito Y, Mori I, Nakamura Y, Miyauchi A.  

Papillary carcinoma of the thyroid in Japan: subclassification 

of common type and identification of low risk group. J Clin 

Pathol 2004; 57:1041-6. 

45. Bai Y, Kakudo K, Li Y, Liu Z, Ozaki T, Ito Y, Kihara M, 

Miyauchi A. Subclassification of non-solid-type papillary 

thyroid carcinoma identification of high-risk group in 

common type. Cancer Sci 2008; 99:1908-15.  

46. Bai Y, Kakudo K, Nakamura M, Ozaki T, Li Y, Liu Z, Mori I, 

Miyauchi A, Zhou G. Loss of cellular polarity/cohesiveness in 

the invasive front of papillary thyroid carcinoma and periostin 

expression. Cancer Lett 2009; 281:188-95. 

47. Liu Z, Kakudo K, Bai Y, Li Y, Ozaki T, Miyauchi A, 

Taniguchi E, Mori I. Loss of cellular polarity/cohesiveness in 

the invasive front of papillary thyroid carcinoma, a novel 

predictor for lymph node metastasis-possible morphological 

indicator of epithelial mesenchymal transition. J Clin Pathol 

2011; 64:325-9. 

48. Johnson TL, Lloyd RV, Thompson NW, Beierwaltes WH, 

Sisson JC.  Prognostic implications of the tall cell variant of 

papillary thyroid carcinoma. Am J Surg Pathol 1988; 12:22-7. 

49. Ito Y, Hirokawa M, Fukushima M, Inoue H, Yabuta T, Uruno 

T, Kihara M, Higashiyama T, Takamura Y, Miya A, 

Kobayashi K, Matsuzuka F, Miyauchi A. Prevalence and 

prognostic significance of poor differentiation and tall cell 

variant in papillary carcinoma in Japan. World J Surg 2008; 

32:1535-43. 

50. Bongiovanni M, Piana S, Frattini M, Giovanella L, Spitale A, 

Ragazzi M, Ciarrocchi A. CDX2 expression in columnar 

variant of papillary thyroid carcinoma. Thyroid 2013; 

23:1498-9. 

51. Volante M, Collini P, Nikiforov YE, Sakamoto A, Kakudo K, 

Katoh R, Lloyd RV, LiVolsi VA, Papotti M, Sobrinho-

Simoes M, Bussolati G, Rosai J. Poorly differentiated thyroid 

carcinoma: The Turin proposal for the use of uniform 

diagnostic criteria and algorithmic diagnostic approach. Am J 

Surg Pathol 2007; 31:1256-64. 

52. DeLellis RA, Lloyd RV, Heitz PU and Eng C: Tumours of 

Endocrine Organs, World Health Organization Classification 

of Tumours; Pathology and Genetics. Lyon: IARC Press; 

2004. 

53. Sakamoto A, Kasai N, Sugiano H. Poorly differentiated 

carcinoma of the thyroid. A clinicopathologic entity for a 

high-risk group of papillary and follicular carcinomas. Cancer 

1983; 52:1849-55. 

54. Nikiforov Y, Erickson LA, Nikiforova MN, Caudill CM, 

Lloyd RV. Solid variant of papillary thyroid carcinoma: 

incidence, clinical-pathologic characteristics, molecular 

analysis, and biologic behavior. Am J Surg Pathol 2001; 

25:1478-84. 

55. Hilzik D, Carlson DL, Tuttle RM, Chuai S, Ishill N, Shaha A, 

Shah JP, Singh B, Ghossein RA. Poorly differentiated thyroid 

carcinoma defined on the basis of mitosis and necrosis: a 

clinicopathologic study of 58 patients. Cancer 2006; 

106:1286-95. 

56. Kakudo K, Wakasa T, Ohta Y, Yane K, Ito Y, Yamashita H. 

Prognostic Classification of Thyroid Follicular Cell Tumors 

Using Ki-67 Labeling Index: How to report high-risk thyroid 

carcinomas? Endocr J 2015; 62:1-12. 

57. Plancoulaine B, Laurinavicience A, Meskauskas R, 

Baltrusaityte I, Besusparis J, Herlin P, Laurinavicius A. 

Digital immunohistochemistry wizard; image analysis-

assisted stereology tool to produce reference dataset for 

calibration and quality control. Diagn Pathol 2014; 9 Suppl 

1:S8.  

58. Chung YR, Jang MH, Park SY, Gong G, Jung WH; Korean 

Breast Pathology Ki-67 Study Group. Interobserver 

variability of Ki-67 measurement in breast cancer.  J Pathol 

Transl Med 2016; 50(2):129-37.  

59. Reid MD, Bagci P, Ohike N, Saka B, Erbarut Seven I, Dursun 

N, Balci S, Gucer H, Jang KT, Tajiri T, Basturk O, Kong SY, 

Goodman M, Akkas G, Adsay V. Calculation of the Ki67 

index in pancreatic neuroendocrine tumors: a comparative 



 Kakudo et al. Papillary thyroid neoplasms. JBCM 2018; 7(1):21-35 

- 35 - 

 

analysis of four counting methodologies. Mod Pathol 2016; 

29(1):93.  

60. Jang MH, Kim HJ, Chung YR, Lee Y, Park SY. A 

comparison of Ki-67 counting methods in luminal breast 

cancer: The average method vs. the hot spot method. PLoS 

One 2017; 12(2):e0172031.  

61. Kakudo K, Asai M, Bai Y. How to confirm or deny high-risk 

thyroid carcinoma is a challenge for pathologists. Pathol Int 

2017; 67:179-80. 

 


