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Abstract
Fine-needle aspiration (FNA) cytology is an important diagnostic tool in patients with thyroid lesions. Several systems have been proposed for the cyropathologic diagnosis of the thyroid nodules. However cases with indeterminate cytological findings still remain a matter of debate. In this review we analyze all literature regarding Thyroid Cytopathology Reporting systems trying to identify the most suitable methodology to use in clinical practice for the preoperative diagnosis of thyroid nodules. A review of the English literature was conducted, and data were analyzed and summarized and integrated from the authors’ perspective. The main purpose of thyroid FNA is to identify patients with higher risk for malignancy, and to prevent unnecessary surgeries for benign conditions. The Bethesda System for Reporting Thyroid Cytopathology is the most widely used system for the diagnosis of thyroid FNA specimens. This system also contains guidelines for the diagnosis and treatment of indeterminate or suspicious for malignancy cases. In conclusion, patients who require repeated FNAs for indeterminate diagnoses will be resolved by repeat FNA in a percentage of 72%-80%.

Key words: Thyroid; Cytopathology; Nodule; Papillary cancer; Fine needle; Biopsy

© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.
Misiakos EP, Margari N, Meristoudis C, Machairas N, Schizas D, Petro​poulos K, Spathis A, Karakitsos P, Machairas A. Cytopathologic diagnosis of fine needle aspiration biopsies of thyroid nodules. World J Clin Cases 2016; 4(2): 38-48  Available from: URL: http://www.wjgnet.com/2307-8960/full/v4/i2/38.htm  DOI: http://dx.doi.org/10.12998/wjcc.v4.i2.38

Core tip: Fine-needle aspiration (FNA) cytology is widely used for the diagnosis of thyroid nodules, although cases with indeterminate results are not rare. We reviewed the English literature regarding Thyroid Cytopathology systems in order to identify the most suitable methodology, taking into account our pro​spective as well. The Bethesda System for Reporting Thyroid Cytopathology is the most preferred system for the diagnosis of FNA specimens, which also contains guidelines for the diagnosis and treatment of indeter​minate cases. Last but not least, repeated FNAs will lead to a diagnosis in 72%-80% of indeterminate cases where repeated FNAs were needed.

INTRODUCTION
Thyroid nodules is a very usual clinical problem, as it is diagnosed in approximately 60% of the general population in Western countries[1]. However; less than 10% of them represent malignant tumors. Therefore, it is not prudent to remove every thyroid nodule we encounter in our medical practice. Fine-needle aspi​ration cytology (FNAC) has been widely adopted as a meticulous, secure and cost-effective method for the diagnosis of non-toxic thyroid nodules[1,2]. Its clinical utilization is significant, as it can define whether a recently emerged thyroid nodule should be managed expectantly or surgically, and can assist in selecting the appropriate surgical procedure when necessary[3]. 

Occasionally FNAC results can be inconsistent and can be a source of dispute among clinicians. The reason is that in approximately 10%-30% of cases, cytology is indeterminate and nondiagnostic[4]. Various diagnostic terminologies, including “indeterminate”, “atypical”, and “suspicious for malignancy,” were used to describe these challenging cases[5]. Until recently there were no uniform criteria for the various diagnostic categories in thyroid cytopathology. This resulted in diagnostic inconsistencies among different laboratories and difficulty in communicating the implications of thyroid fine-needle aspiration (FNA) results both to clinicians (endocrinolo​gists and endocrine surgeons) and laboratory doctors (pathologists and radiologists)[6]. In order to establish a standardized diagnostic terminology/classification system for reporting thyroid FNAC results, the National Cancer Institute (NCI) in the United States sponsored the NCI Thyroid FNA State of the Science Conference with a group of experts at Bethesda, MD, in October 2007[7]. This conference established the Bethesda System for Reporting Thyroid Cytopathology (BSRTC), a 6-tiered diagnostic classification system based on a probabilistic approach[8,9]. Almost simultaneously, in Europe, the British Thyroid Association-Royal College of Physicians and the Italian Society for Anatomic Pathology and Cytopathology-International Academy of Pathology (SIAPEC-IAP) thyroid reporting systems, each comprised of 5 diagnostic classes, have been introduced[10,11]. In several countries the Cytological Communities have adopted the first system or the other, as there is still an ongoing dispute on whether the 5-tiered system or the 6-tiered system is more efficient[12].

In this review we analyze current literature regarding Thyroid Cytopathology Reporting systems trying to identify the most suitable and practical methodology to use in everyday clinical practice. 

FNA procedures

The thyroid FNAs can be performed either by direct puncture after palpating the thyroid nodule, or more commonly under ultrasound guidance by dedicated thyroid specialists (endocrinologists, radiologists, or pathologists). Palpation-guided FNA can be performed when a thyroid nodule is easily palpable (> 1.0 cm in diameter) and rather solid. Ultrasound guidance is preferable than palpation-guided FNA for small nodules (< 1 cm), cystic lesions and when a prior FNA is non​diagnostic[13].

The thyroid nodules are aspirated 3 to 5 times with a 22-gauge or 25-gauge needle. From each FNA pass one to three smears are prepared and fixed in alcohol for Papanicolaou staining and air dried for Giemsa staining. Liquid-based preparation can also be made after a FNA pass, with the needle been rinsed in normal saline or ThinPrep solutions. As a result, 3 to 15 glass slides from each patient are taken and examined, which can be either Giemsa- or Papanikolaou-stained slides[14]. Regardless the staining method used, all slides with diagnostic material are used for the evaluation and clarification of each case. 

CYTOLOGICAL CLASSIFICATION

The Bethesda system for reporting thyroid cytopathology 

The six-tier diagnostic approach includes the following six categories[8,15]: (1) Disctrict of columbia (DC) Ⅰ ​Nondiagnostic or Unsatisfactory. These specimens demonstrate inadequate cellularity, poor fixation and preservation, obscuring blood or ultrasound gel, or a combination of the above factors. Inadequate cellularity is defined as the presence of less than 6 groups of well-preserved follicular cells on each of at least two slides; (2) DC Ⅱ Benign (Figure 1). This category includes the diagnoses of nodular goiter, nodular goiter with hyperplastic nodules, colloid nodules, cyst contents with/without benign follicular cells, and lymphocytic thyroiditis; (3) DC Ⅲ Atypia of Undetermined Significance or Follicular Lesion of Undetermined Significance (Figure 2). This category is reserved for aspirates with borderline cellularity and is subdivided into two subcategories. One subcategory includes cases with a microfollicular pattern and mini​mal colloid, that is, follicular lesion of undetermined significance (FLUS). The second subcategory includes cases with nuclear atypia, such as the presence of occasional nuclear grooves, nuclear crowding, and abnormal chromatin pattern, which are characteristics of papillary carcinoma (PTC). This subset of patients could benefit form a repeat FNA; (4) DC Ⅳ Follicular Neoplasm or Suspicious for a Follicular Neoplasm. This category refers to cellular specimens with abundant follicular cells arranged in a microfollicular pattern with minimal colloid. The differential diagnosis includes hyperplastic adenomatous nodules, follicular adenoma, follicular carcinoma, and follicular variant of PTC, where the nuclear features remain ill defined. This category also includes cases with a predominant population of Hurthle cells; these cases are labelled Hurthle cell neoplasm (Figure 3). The differential diagnosis for the latter includes hyperplastic adenomatoid nodule with Hurthle cell change, Hurthle cell adenoma, and Hurthle cell carcinoma; (5) DC Ⅴ Suspicious for malignancy. This category includes specimens with features characteristic of a malignant neoplasm, which are quantitatively or qualitatively insufficient to make a definitive diagnosis of malignancy (Figure 4). These features could be intranuclear inclusions, nuclear grooves, or psammoma calcifications; (6) DC Ⅵ Malignant (Figures 5-7). This category includes specimens with unequivocal cytologic evidence of a malignant neoplasm. Herein, all histological types of thyroid carcinoma are included: PTC and its variants, medullary carcinoma, anaplastic carcinoma, lymphoma, and metastatic lesions. 

The European systems for reporting thyroid cytopathology

In 2007 the Royal College of Pathologists introduced a new thyroid FNA reporting system, which was based on the existing United Kingdom terminology, but with some alterations, like new subcategories (i.e., “c” for cystic lesions, “a” for atypia, “f” for follicular neoplasm). These alterations were made in order for the British system to be analogous to the BSRTC[11,16], although in other countries these modifications have not be totally embraced. Furthermore, various other thyroid FNA reporting systems have been created, in which the experiences of the pathologists and/or associated risks of malignancy have been taken into account. The most widely known is the SIAPEC-IAP thyroid reporting system, which is also consists of 5 diagnostic classes[12]. 
Both the European and the American systems are considered as a significant accomplishment and hold the promise for better classification of thyroid FNA results[6,10,11,17,18]. The main difference between the 5-tiered system and the 6-tiered system is that the DC Ⅲ [atypia of undetermined significance/follicular lesion of undetermined significance (AUS/FLUS)] category is included only in the 6-tier system, a category with con​siderable prevalence, as it is calculated 6%-7% according to various statistics[14]. Bongiovanni et al[14] analyzed the differences between the 5-tiered and the 6-tiered diagnostic systems for reporting thyroid cytopathology, based in a large series of 7686 thyroid FNA specimens, collected from 3751 patients from several institutions from Italy, Switzerland, and the United States. They found that apart from the TIR Ⅲ category, for the TIR 1/DC Ⅰ (unsatisfactory/nondiagnostic) category the percentage of cases in the 5-tiered system was greater than twice the percentage of cases in the 6-tiered system (7.5% vs 3%). There was also a great difference regarding the percentage of the cases classified into the TIR 2/ DC Ⅱ (benign) category (83.9%) compared with approximately half (55.4%) of the cases in the 6-tiered system. However, the percentage of the cases classified into the TIR 3/DC Ⅳ (follicular proliferation/neoplasm) category was substantially smaller (4.6%) in the 5-tiered system compared with the 6-tiered system (23.8%). Moreover, a lower percentage of cases in the European system was placed into the TIR 4 and TIR 5 categories as well, compared with the American system. 
The management of each case derives from the category that is classified. Therefore, the DC Ⅲ (AUS/FLUS) cases are managed conservatively with repeat FNAs, whereas the DC Ⅳ, DC Ⅴ, and DC Ⅵ cases, and TIR 3, TIR 4 and TIR 5 cases respectively, are managed operatively, with thyroid lobectomy or total thyroidectomy. In addition, obtaining adequate material at FNA is a very important issue, as the rates of mali​gnancy observed in the nondiagnostic categories of both reporting systems are very high[14].

The necessity for the DC Ⅲ (AUS/FLUS) category
The majority of the thyroid FNA specimens, in the range of 60% to 70%, are classified as benign, whereas approximately 20% to 30% fall into the 3 categories of suspicious for follicular neoplasm, suspicious for malignancy, and malignant[19]. The remaining 10% of cases represent a significant subset of thyroid specimens with some form of AUS/FLUS. Such atypia may result from a variety of benign cellular changes, but in some cases may reflect an underline malignancy which has been suboptimally sampled or has intermediate diagnostic features[20-22]. 

The AUS/FLUS category in the Bethesda system, represents aspirates that contain follicular, lymphoid, or other cell types with architectural and/or nuclear atypia that is more pronounced than that observed in benign lesions yet not sufficient to be characterized as suspicious for follicular neoplasm (SFN), or suspicious for malignancy[10]. The authors of the Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) recom​mended that the DC Ⅲ (AUS/FLUS) category should not exceed 7% of the thyroid FNA diagnoses, and the risk of malignancy in this category should be in the range of 5% to 15%[23].

These indeterminate aspirates may present with architectural atypia or nuclear atypia[21]. Architectural atypia may present in smears with paucity of cells, which contain a few microfollicles, trabeculae, or crowded groups. Several patterns of nuclear atypia may be also present without being quantitatively and/or qualitatively sufficient for the interpretation of “suspicious for malignancy”. These include hypocellular smears with extensive cystic degeneration with rare follicular cells with nuclear atypia indicative of PTC. In some cases more diffuse but mild nuclear changes may exist with nuclear enlargement, crowding, and pallor, but without other characteristics, such as nuclear contour irregularities, grooves and nuclear pseudoinclusions, suggestive of a PTC. 

Another pitfall encountered with cystic thyroid nodules are the atypical cyst-lining cells[24]. Benign cyst-lining cells are typically polygonal or fusiform with abundant cytoplasm, well-defined cellular borders, sometimes enlarged, grooved nuclei, and small distinct nucleoli. The isolated cyst-lining cells in thyroid aspirates are often difficult to distinguish from PTC. For that reason the aspirate is then classified as AUS/FLUS to indicate the uncertainty of the findings. 

The malignancy rate of the AUS/FLUS category is estimated to be between 5% and 15%[10], which is intermediate between that of the benign category (0%-3%) and that of the SFN category (15%-30%). The most common malignant diagnosis made after surgery in cases initially classified as AUS/FLUS is PTC, usually of the follicular variant (PTC-FV)[24,25]. Since the malignancy rate of this category is quite high, TBSRTC recommends that most patients undergo a repeat thyroid FNA within 3 to 6 mo, in order to define the nature of atypia[24,26]. However, in almost 20% to 28% of AUS/FLUS cases, a repeat thyroid FNA will again be characterized as AUS/FLUS[27,28]. In a study by Teixeira et al[29] the overall incidence of malignancy in the FNA-biopsied nodules characterized as FLUS was 16.2%, a higher value than the suggested 5% to 15%[10,29-31]. In a large study with 1382 cases in a community practice setting, in the United States, Wu et al[32] diagnosed AUS in 27% of cases, ranging from 10% to 47% among pathologists participating in the study. The risk of malignancy of AUS/FLUS was only 6%, a quite lower value than the one reported elsewhere. In this study the AUS category was further subdivided into HCLUS (atypical cells rule out Hurthle cell neoplasm) and FLUS. The risk of malignancy in the HCLUS category was significantly lower than in the other subtypes of AUS. Many of the HCLUS cases did not show any of the above features and were proved to be benign adenomas. Such patients were followed clinically with periodic physical and sonographic examinations. Renshaw noted that a Hurthle cell neoplasm demonstrating one of the following features: Small cell dysplasia, large cell dysplasia, severe nuclear crowding, and dishesive cellular pattern is usually associated with a high risk of malignancy[33]. 

The suspicious for malignancy category

Most primary thyroid malignancies with the exception of follicular and Hurthle cell carcinomas have unique cytological features which can differentiate primary malignancies from other thyroid lesions. However, there are cases with diagnostic uncertainty due to suboptimal sampling or preservation, and overlapping cytomorphologic features with other thyroid conditions. A specimen is considered as “suspicious for malignancy” (SFM), when some features of malignancy (usually PTC features) exist, but the findings are not sufficient for a definitive diagnosis[9]. These indeterminate results imply surgeons to consider alternative therapies (e.g., thyroid lobectomy with intraoperative frozen section). 

SUSPICIOUS FOR PTC

Pattern A (patchy nuclear changes pattern)

In this pattern benign follicular cells are detected, along with cells with nuclear enlargement, nuclear grooves, nuclear membrane irregularity, and/or nuclear molding, usually without any trace of intranuclear inclusions.

Pattern B (incomplete nuclear changes pattern)

In this pattern the nuclear enlargement is generalized in mild-to-moderate degree with evident nuclear grooves and mild nuclear pallor. 

Pattern C (sparsely cellular specimen pattern)

In this pattern many features of PTC are found, but it is sparsely cellular. 

Pattern D (cystic degeneration pattern)

In this pattern cystic degeneration with hemosiderin-laden macrophages is present. There are also sheets of follicular cells with large pale nuclei and some with nuclear grooves, but without intranuclear inclusions. Moreover, large, atypical, “histiocytoid” cells with enlarged nuclei and abundant vacuolated cytoplasm usually coexist. 

Although these nuclear alterations are usually disse​minated, they are mild and incomplete. These changes are not pathognomonic, as they are frequently detected in some PTCs, especially in the follicular variant, and in benign lesions as well, such as follicular adenomas. For that reason these findings are best interpreted as SFM. 

Cystic degeneration also is often found. Cyst lining cells are usually elongated, containing pale chro​matin, with sparsely found intranuclear grooves, large nucleoli, and always associated with hemosiderin-laden macro​phages and benign-appearing macrofollicle fragments. The spindle-shaped morphology of these cells is helpful in distinguishing these cells from PTC[24,34].
SUSPICIOUS FOR MEDULLARY CARCINOMA 

The cellular sample is typically monomorphic, although some specimens may appear pleomorphic; the cells are usually small or medium-sized, noncohesive, and contain an eccentrically located nuclei[35]. There may be small fragments of amorphous material-colloid vs amyloid. The sensitivity of thyroid FNA for medullary thyroid carcinoma (MTC) is considered high, actually it is higher than the sensitivity of FNA for PTC[36]. However in doubtful cases definitive diagnosis can be made if sufficient material is available for immunocytochemical stains, or if it is known that the patient has an elevated serum calcitonin level. 
Suspicious for lymphoma

The sample is composed of numerous monomorphic lymphoid cells. In other cases it is sparsely cellular and contains atypical lymphoid cells. The difficulties in securing diagnosis of a diffuse large B-cell lymphoma derive from the inadequate sampling technique and/or insufficient preservation of the specimen. On the other hand a definitive diagnosis of a low-grade lymphoma (usually a MALT lymphoma) is even more difficult. The diagnosis of a MALT lymphoma of the thyroid requires the use of immunophenotyping by flow cytometry or immunocytochemistry[9,37].
Management

Review of the literature suggests a malignancy rate of 55%-75% for the suspicious category[8]. Therefore the diagnosis “SFM, suspicious for thyroid carcinoma” is an indication for surgery. The contribution of intraoperative frozen section after a suspicious FNA diagnosis is questionable, as Lee et al[38] have demonstrated that preoperative FNA has a higher sensitivity than frozen section in detecting PTC. Another diagnostic option for patients with repeat ultrasonography-guided FNA of thyroid nodule with non-diagnostic cytology results, would be the utilization of ultrasonography-guided core needle biopsy[39]. This technique is conclusive for the majority of cases suspicious for PTC, lymphoma, or follicular neoplasm after previous incomplete FNA results. 

For patients with large tumors (> 4 cm), the best approach could be a total thyroidectomy, considering the fact that large tumors have an elevated risk of malignancy[40].

Apart from imaging studies, serological or immuno​histochemical studies can be used to secure diagnosis, when the FNA indicated “suspicious for MTC” or “sus​picious for lymphoma”. For example, increased serum calcitonin levels and/or strong immunoresponce of chromogranin which is disclosed after multiple FNA tests can indicate the diagnosis of a medullary carcinoma. 
PAPILLARY THYROID CARCINOMA

PTC accounts for 80% of all thyroid malignancies and occurs more often in women with a 3:1 female-to-male ratio, with a mean age at presentation 30-40 years. It usually behaves as an indolent malignant tumor; however, an aggressive clinical course with decreased survival has been reported in some histologic variants of PTC[41]. PTC most commonly metastasizes via lymphatics. Distant metastases seldom occur, but may develop in 20% of cases in late stage. The most common sites are the lungs, bone, liver and brain. The prognosis of this tumor is good; death due to PTC is rare. 

At low magnification, aspirates of PTC are typically cellular, epithelium-rich structures. Papillary structures are not as common as it was believed, because intact papillae are often too large to enter the fine needle or are disrupted during the preparation of the smears. However, some three dimensional structures that resemble the epithelial tips of papillae without the fibrovascular cores can be seen[35]. 

The cytological diagnosis of PTC is based mainly on the characteristic nuclear morphology. The FNA specimen of this neoplasm is usually cellular and shows neoplastic cells arranged in papillary groups, or clusters, or as single cells in a background of thick colloid, nuclear or calcific debris, macrophages and stromal fragments[41] (Figure 4).

The individual tumor cells are enlarged, oval in shape with eosinophilic cytoplasm; the nuclei show elongation, oval shape, membrane thickening, chromatin clearing, grooves, and inclusions. The nucleoli are usually small and eccentric; however, rare oncocytic variants of PTC can show prominent nucleoli. Nuclear grooves become an important diagnostic feature when associated with an oval, enlarged nucleus with fine chromatin[41]. However, nuclear grooves can be seen also in several thyroid diseases such, as Hashimoto’s thyroiditis, multinodular goiter, Hurthle cell tumors and medullary carcinoma[42,43]. 
Psammoma bodies are occasionally seen in some aspirates, most possibly arising from calcification of epithelial tips. The presence of true psammoma bodies with concentric laminations is highly suggestive of PTC; however the presence of psammoma bodies in cystic thyroid lesions is not diagnostic. Consequently it is essential to distinguish this form of atypical calcification from true psammomatous calcifications with their concentrically laminated microscopic appearance[35].

PTC VARIANTS

Follicular variant

This is the most common variant of PTC and is charac​terized by a predominantly follicular architecture. Since the PTC-FV variant represents one of the most common causes of a false negative diagnosis of PTC, it is important to distinguish this PTC variant from other benign conditions, such as a follicular neoplasm or adenomatous nodule. 

FVPTC is characterized cytologically by the paucity of diagnostic nuclear features. The FNA specimens show enlarged follicular cells arranged in monolayer sheets and follicular groups in a background of thin and thick colloid (Figure 6). The tumor cells show nuclear elongation, chromatin clearing, but nuclear grooves and inclusions are rare[40]. Because the nuclear changes of FVPTC are subtle, the majority of cytologic samples are often diagnosed as suspicious for PTC. 
Cystic variant

Among thyroid malignancies, PTC has the highest pro​pensity to appear cystic, as 10% of the PTC specimens are entirely cystic. In FNA specimens of this variant, the cancer cells appear more profuse, granular or vacuolated compared to regular PTC. The nuclei are enlarged, with usually an oval or irregular shape, and include intense nuclear grooves and inclusions. This variant is sometimes difficult to diagnose, because in some cases the characteristic neoplastic cells are sparsely evident in the mass. As a result they may be not diagnosed through the FNA test, resulting in a false-negative test[44].

Oncocytic variant

This variant of PTC is not common, but it is important to be recognized as it may be confused with a Hurthle cell neoplasm[44]. The specimen is usually cellular with polygonal cells in loose papillary clusters with abundant eosinophilic cytoplasm. The nuclei have conventional PTC nuclear features that distinguish it from Hurthle cell neoplasms[35].

Warthin-like variant

This PTC variant is a circumscribed thyroid tumor with papillary architecture and lymphoid follicles that mimics a Warthin tumor of the parotid gland. FNAs contain oncocytic cells with abundant granular cytoplasm, con​ventional nuclei, a papillary architecture, and a lympho​plasmacytic background. The neoplastic cells resemble Hurthle cells but have diagnostic nuclear features of PTC. Because of the mixture of oncocytes with lymphocytes on smears, this tumor should be distinguished from Hashimoto thyroiditis or a follicular lesion with oncocytic changes[44]. 

Tall cell variant

The tall cell variant of PTC is an important subtype with a potentially aggressive clinical course. It usually affects the elderly population, and often presents as a large and bulky tumor with extrathyroidal extension and metastases. The diagnosis of this variant as a PTC is relatively easy, due to the numerous papillae and the coexisting intranuclear inclusions. The cancer cells are also elongated, with a height-to-weight ratio of at least 3:1. The cells have abundant pink cytoplasm, basally located nuclei and nuclear features of conventional PTC. These cells constitute more than 50% of tumor volume[44]. 

Columnar cell variant

This is an aggressive variant of PTC characterized by the presence of crowded, stratified clusters of elongated cells resembling cells from a colonic adenoma. The nuclei are hyperchromatic, uniform in size and shape, and with indinstinct nucleoli. The neoplastic cells show a greater cell height than the tall cell variant and lack the obvious nuclear features of PTC. Due to the fact that the nuclei of this variant are darker than those of the regular PTC, the neoplastic cells of this variant may be mistaken for benign respiratory epithelial cells, or a colorectal neoplasm. Additionally an immunohistochemical panel, including thyroglobulin, TTF1, and CDX2 may help in the differential diagnosis of such difficult cases. 
Hyalinizing trabecular tumor

It is not widely agreed whether this neoplasm is a variant of PTC or not, although it seems to have the same RET gene rearrangements as PTC. The hyalinizing trabecular tumor is an uncommon malignancy originating from follicular cells, with certain unique features, such as trabecular growth, marked intracellular hyalinization along with nuclear grooves and pseudoinclusions. In some cases psammoma bodies may be present[35,44]. 

Management

In general, patients diagnosed with FNA test as having PTC, are usually managed operatively, but the final decision of the type of resection (lobectomy vs total thyroidectomy) depends on numerous coexisting factors. Specifically, the ultrasound image of the malignant nodule, as well as the patient’s general condition and age and other comorbidities should be taken into account when planning surgery. 

The standard management of PTCs greater than 1 cm is total, or near-total thyroidectomy followed by radioactive iodine (131I) therapy to ablate residual thyroid tissue. After this therapy the patient’s serum thyroglobulin levels should fall to undetectable levels. Since recurrent PTC typically secretes thyroglobulin, serum monitoring of thyroglobulin serves as a useful tumor marker for recurrent PTC[35]. 

The management of cases with papillary micro​carcinomas, i.e., tumors less than 1.0 cm in diameter, is still controversial. These small tumors may be inci​dentally discovered in glands removed for other reasons, they are treated with thyroidectomy; these patients usually do not need systemic 131I therapy and do not require a second-stage completion thyroidectomy. 

MTC

Definition

MTC was first described by Horn et al[45] in 1951, and it was first recognized as a unique clinicopathological entity by Hazard et al[46], in 1959. In 1966 Williams demonstrated that this tumor derives from the parafollicular cells, known also as calcitonin-producing C cells, which have an ectodermal neural crest origin[47].

MTC represents 3%-12% of thyroid cancers, the majority of which are sporadic. However, in almost 25%-30% of cases, MTC is inherited, and is associated with one of three familial syndromes: Multiple endocrine neoplasia (MEN) syndrome type 2A (Sipple’s syndrome), MEN type 2B (mucosa neuroma syndrome or Gorlin’s syndrome), and familial MTC[35]. The inherited forms are characterized by an autosomal dominant mode of inheritance and are associated with point mutations in the RET proto-oncogene on chromosome 10. 

Patients with the sporadic forms of MTC or the familial MTC are most often middle-aged (mean age 50 years old), except in familial cases, in which they are relatively younger. Patients with sporadic MTC present with a solitary, circumscribed thyroid nodule, usually in the middle to upper-outer half of the thyroid gland. Medullary carcinoma is highly metastatic, as tumor cells can be disseminated through hematogenous and metastatic routes to numerous sites, including cervical lymph nodes, liver, lung, bone, and adrenal glands. Almost all patients with MTC have a significantly elevated serum calcitonin level, and in some cases these tumors can produce substances that can lead to paraneoplastic syndromes[35,44]. 

Diagnostic cytology

The FNA aspirates of an MTC are usually composed of numerous cells, either presenting in cell aggregates or as a mixture of non-cohesive cells. Characteristically, distinct granules (calcitonin granules) are spotted in the cytoplasm of the cancer cells, as well as eccentric nuclei, indicating a plasmacytoid appearance to the tumor cells. The nuclear chromatin is similar to that seen in other neuroendocrine tumors, i.e., “salt and pepper type” (Figure 7). Intranuclear inclusions and multinucleated cells have been reported. Therefore this tumor may mimic other thyroid tumors, such as Hurthle cell neoplasms, PTCs, anaplastic carcinomas, and metastatic tumors. Immunohistochemistry test for specific biomarkers (i.e., calcitonin, thyroglobulin) will easily distinguish MTC from other thyroid malignancies. Amyloid can be observed in close association with tumor cells, and can be distinguished from the thick colloid of PTC by performing a Congo-red stain. The diagnosis of MTC can be confirmed by simply measuring serum calcitonin levels, which are markedly elevated in the majority of cases (> 10 pg/mL)[48].
UNDIFFERENTIATED (ANAPLASTIC) THYROID CARCINOMA 

Definition

Undifferentiated (anaplastic) thyroid carcinoma (UTC) is an extremely aggressive thyroid malignancy with a very poor prognosis. It generally affects elderly patients presenting as a firm mass rapidly growing in the neck infiltrating extrathyroidal tissues, such as muscle, trachea, esophagus, skin, bone and cartilage[49]. Half of patients present with significant compression of the upper respiratory and the digestive tract in the neck, resulting in dyspnea, hoarseness, dysphagia, and pain. Lymphadenopathy is also present in one quarter to half of patients, whereas the lungs is the most common site of metastases[49,50]. For most cases surgical resection is not an effective treatment and only palliative therapies are used. Prognosis is dismal with a mean survival of 2.5 to 6 mo and an overall 5-year survival of 0% to 14%. 

Cytology

The aspirates from anaplastic carcinoma do not pose any diagnostic difficulties. They can be sparsely cellular, because of the marked fibrosis and hyalinization en​countered in some cases[19,51]. They can be readily classified as malignant due to nuclear pleomorphism, chromatin clumping, necrosis, atypical mitoses and other malignant features[40]. Pan-keratin is the most reliable positive immunostain in UTCs, acquiring an expression ranging from 50% to 100%. Vimentin immunoexpression is also a common finding[52]. When evaluating an undifferentiated carcinoma using immuno​cytochemistry a basic immunopanel should include cytokeratins, calcitonin, leucocyte common antigen, carcinoembryonic antigen, thyroglobulin, chromogranin, and TTF-1. Some cases may present with diagnostic difficulty if the specimen consists mainly of necrotic debris or if the tumor is extremely sclerotic (the pau​cicellular variant)[40,53].

Management 

Because of its aggressive, infiltrative nature, patients with an undifferentiated carcinoma often require a tracheostomy as an emergency procedure. If the tumor is small and confined to the thyroid, thyroidectomy may be feasible; however, in most cases the tumor extends outside the thyroid gland preventing adequate resection[35]. Chemotherapy or radiotherapy usually cannot change the dismal prognosis of this cancer. 

Molecular diagnosis

Since there is a considerable proportion of patients with a thyroid nodule who remain undiagnosed with FNA, molecular biology could be very helpful at that point. Research is directed to the identification of molecular markers that, in conjunction with FNA, can identify patients with a malignant nodule. 

BRAF mutation has become a specific marker for PTC and its variants[54]. BRAF testing has been coupled successfully with the Bethesda Thyroid FNA classification system to offer molecular quality assurance on positive samples, as well as a diagnostic upgrade on samples of indeterminate diagnostic categories, such as AUS/FLUS and SFN/SHN[54]. The rate of malignancy in FNA-BRAF positive nodules has been shown to be 99.8%[55]. BRAF is not usually found in the follicular variant of papillary thyroid carcinoma, but is increasingly detectable in each step of dedifferentiation, including tall cell tumors and anaplastic cancer. It is a point of great significance that Ohori et al[56] found a greater percentage of BRAF-mutated (V600E, K601E, and others) cases in the AUS/FLUS and SFN/SFN categories, rendering BRAF mutational testing a useful predictor of PTC diagnosis in these indeterminate cases. While the V600E and K601E mutations were almost equally observed in the AUS/FLUS category, there was a slight predominance of K601E mutation in SFN/SHN category. In these SFN/SFN and AUS/FLUS cases with the K601E mutation, the cytomorphology of the PTC specimens prevented a more definitive diagnosis, in contrast to cases where the V600E mutation was observed, whether the diagnosis resolved to a classic (CL) subtype, tall cell variant (TCV) subtype, or a solid (SD) PTC diagnosis. The high sensitivity rate, as well as the high negative prognostic value of BRAF testing in AUS/FLUS and SFN/SFN categories have been also demonstrated by Alexander et al[57]. 

A full molecular panel of BRAF, RAS, RET/PTC and PAX8PPAR offer additional diagnostic value[58]. However, this requires additional FNA passes or residual cellular material from the cytologic sample. Cantara et al[59] evaluated this panel of tumor-associated mutations in thyroid FNA samples. The above panel correctly identified cancer in 78.2%, whereas cytology identified 58.9% of the thyroid cancers. It also predicted cancer in the majority of indeterminate samples, as well as of the suspicious for cancer samples. Interestingly all predicted cancer proved to be papillary thyroid carcinoma in the final histology[59]. Moses et al[60] also examined the clinical utility of the above panel in thyroid FNA biopsies. When this panel was used for specimens with indeterminate cytology, sensitivity was 27%, specificity was 95%, positive predictive value was 66%, and negative predictive value was 78%[60]. In addition, Ohori et al[61] investigated the utility of the above panel in specimens classified as FLUS. The molecular testing proved to have a high specificity, although the sensitivity was quite low (60%). Despite the fact that not all PTC were detected by this panel, a positive molecular test helped to refine the FLUS cases into high-risk and low-risk categories[61].
Extensive research is going on in this field; an important step for the introduction of new molecular markers in the diagnosis of molecular tumors could be the clinical testing of FNA samples in large multicenter trials. 

CONCLUSION
Thyroid FNA is a well established procedure used in the preoperative diagnosis of thyroid nodules. It allows classification of nodules as benign or malignant, and patients with malignant nodules are scheduled for surgery. The main purpose of thyroid FNA is to stratify higher risk patients for surgery, and to prevent unnecessary surgeries for benign conditions. 

TBSRTC provides a uniform 6-tier system on thyroid FNA for pathologists to communicate with clinicians. Each diagnostic category is associated with a specific risk of malignancy and a recommendation for management. 

The TBSRTC classifies thyroid follicular lesions with microfollicle predominance and lack of colloid into the suspicious for follicular neoplasm category. This system allows patients with FNAs showing focal atypia to undergo repeat aspiration prior to surgery. Therefore, in the majority of patients in the AUS/FLUS category (72%-80%) the diagnosis will be resolved by repeat FNA, although 20%-28% of them will have AUS/FLUS on the repeat aspirate and thus require surgery.

A malignant thyroid FNA diagnosis accounts for 4%-8% of all thyroid FNAs, the majority of which are PTCs, and these patients will require thyroidectomy[53]. The use of molecular markers can further increase the diagnostic value of FNA samples for the detection of thyroid cancer. 
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Figure Legends
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Figure 1  Follicular cells arranged in a flat sheet, colloid and pigment-laden macrophages (× 40 pap stain on ThinPrep slide) (diagnostic cate​gories Ⅱ).
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Figure 2  Crowded macrofollicles with mild irregularities in nuclear mem​brane and prominent nucleoli in a specimen with scant colloid (× 40 pap stain on ThinPrep slide) (diagnostic categories Ⅲ). 
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Figure 3  A cellular specimen composed of Hürthle cells arranged in loosely cohesive sheets or isolated in a case diagnosed as Hürthle cell adenoma (× 40 pap stain on ThinPrep slide) (diagnostic categories Ⅳ). 
[image: image5.png]



Figure 4  Presence of cell group with nuclear crowding, increased nuclear-cytoplasmic ratio, irregularities in nuclear membrane and micro-nuclei (× 40 pap stain on ThinPrep slide) (diagnostic categories Ⅴ). 
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Figure 5  Flat sheets showing enlarged, pale nuclei with finely granular chromatin of a papillary Ca case (× 40 pap stain on ThinPrep slide) (dia​gnostic categories Ⅵ). 
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Figure 6  Enlarged follicular cells arranged in monolayer sheets and follicular groups with nuclear elongation and chromatin clearing in a follicular variant of PTC case (× 40 pap stain on ThinPrep slide) (diagnostic categories Ⅵ). 
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Figure 7  Tumor cells with distinct granules with eccentric nuclei. The nuclear chromatin appears as “salt and pepper type” in a medullary carcinoma case (× 40 pap stain on ThinPrep slide) (diagnostic categories Ⅵ). 
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