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Abstract

:

Fine-needle aspiration (FNA) cytology is widely used in clinical practice as a simple and minimally invasive test for parotid tumors that allows for preoperative estimation of benignancy and malignancy, histological type, and malignancy grade and can be performed on an outpatient basis. In recent years, cell blocks prepared with core needle biopsy (CNB) and liquid-based cytology (LBC) have increased the reliability of immunostaining and molecular biological testing, leading to improved diagnostic accuracy. In 2018, the Milan System for Reporting Salivary Gland Cytology was introduced, but it does not include malignancy grade or histological type, so we proposed the Osaka Medical College classification as a more clinically based cell classification that includes both types of information, and we have reported on its usefulness. This review gives an overview of the history and use of FNA and describes CNB and LBC and the two classification systems.
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1. Introduction


Fine-needle aspiration (FNA) cytology with a small-bore needle is widely used in clinical practice as a simple and minimally invasive test for parotid tumors that allows for the preoperative estimation of benignancy and malignancy, histological type, and malignancy grade before surgery and can be performed on an outpatient basis [1,2,3]. In addition to differentiating between neoplastic and non-neoplastic lesions, FNA cytology can often be used to diagnose histological type in neoplastic lesions, such as benign tumors such as pleomorphic adenoma and Warthin’s tumor [4,5,6,7,8,9,10,11,12,13], or to determine the malignancy grade in the case of malignant tumors.



The use of FNA cytology for preoperative diagnosis requires that It not only enables differentiation between benign and malignant tumors but also helps determine the best course of treatment, especially surgical treatment. Detailed preoperative information is important because histological types such as pleomorphic adenoma and Warthin’s tumor, which account for the majority of benign tumors, require different treatments [14,15]. In the case of pleomorphic adenoma, for example, surgical resection is indicated, and the operative procedure needs to avoid enucleation. In the case of Warthin’s tumor, the possibility of malignant transformation can be ruled out, and as long as there is no problem with cosmetic aspects, a wait-and-see approach may be an option [16,17]. On the other hand, in malignant neoplasms, it is important to diagnose the grade of malignancy to determine subsequent treatment strategies. The prognosis differs significantly between low- or medium-grade and high-grade malignant cancers, and operative strategies, such as facial nerve treatment and indications for cervical lymph node dissection, vary accordingly [18,19,20,21,22,23,24,25,26].



The sensitivity and specificity of parotid gland FNA cytology depend on the operator’s technique, the quality of the specimen, the pathologist’s experience, and the presence and absence of cystic components [4,5,6,7,8,9,10,11,12,13,14,15,27,28]. However, the most relevant aspect for differential diagnosis is the wide variety of histological types of parotid tumors: There are 23 types of malignant tumors and 11 types of benign tumors [29].



In view of the above, in 2018, an international group of pathologists proposed a standardized reporting system for the stratification of malignancy grades, the Milan System for Reporting Salivary Gland Cytopathology [30]. However, the Milan System does not consider aspects related to the histological type or malignancy grade, so at our hospital, we developed a new classification, referred to as the Osaka Medical College (OMC) classification, and examined its adequacy and usefulness [31].



In this review, we describe the history of FNA; features of parotid cytology; specimen collection and processing procedures, including FNA, core needle biopsy (CNB), and liquid-based cytology (LBC); frozen section biopsy (FSB); ancillary diagnosis; and the advantages and disadvantages of the Milan and OMC classification systems.




2. History of Fine Needle Aspiration


According to various publications, FNA was first reported by Kun in 1847 [32], and in 1904, Grie et al. used lymph node FNA to diagnose cases of sleeping sickness caused by parasites (Trypanosomiasis) [33]. Martin and Ellis et al. used cytology for head and neck diseases in 1930 [34], and since then, FNA has been used for a variety of organs, including lymph nodes, bone, lungs, prostate, and mammary glands. However, until the 1950s, FNA was mainly performed with a large-bore needle (14–16G) and did not gain widespread use because of complications such as bleeding and neoplasm seeding associated with cell and tissue sampling. In the 1950s, Franzen et al. performed FNA with a small-bore needle (22–23G) [35], and in the 1970s, Frable and Frable introduced FNA for head and neck tumors [36]. Since then, FNA has been widely used in clinical practice.



In terms of cytology diagnosis, in 1928, Babeş and Papanicolaou separately reported that smear samples of cells collected from the vaginal portion of the uterus could be used for diagnosis [37,38]. Then, in 1943, Traut and Papanicolaou proposed the Papanicolaou classification, which divided the properties of cells observed in smear samples of the vaginal portion of the uterus into five classes (Roman numerals I–V) according to the “cell malignancy grade”; the authors demonstrated the usefulness of this classification in screening for cervical cancer [39]. The Papanicolaou classification focuses on the evaluation of cell malignancy grade, which is easy to understand, practical, and therefore useful; consequently, its application has gradually been extended to the cytologic diagnosis of other organs. However, the Papanicolaou classification is more of a screening test than a diagnostic tool and is associated with problems such as discrepancies between cytology diagnosis and histology diagnosis. Therefore, in 1988, the Bethesda system for cervical cytology was established and led to the development of unique assessment classifications for each organ, including the Bethesda system for thyroid cytology in 2010 [40], followed by the establishment of the Milan System [30]. There are plans to publish the second version of the Milan System in 2023, and various authors have reported a variety of proposed revisions and modifications [41,42,43,44].




3. Features of Parotid Gland Cytology


Parotid tumors comprise 23 histological types of malignant tumors and 11 types of benign tumors [29]. For this reason, FNA cytology is useful for differential diagnosis, although it is also associated with diagnostic difficulties. Among the benign tumors, two histological types—pleomorphic adenoma and Warthin’s tumor—account for roughly 90% of all cases, and FNA cytology allows for their histological differentiation [14,15]. On the other hand, among malignant tumors, a large number of histological types and the presence of histological subtypes often make the diagnosis of histological type with cytology quite difficult.



In regard to the cytodiagnosis of salivary gland tumors, the first question is whether the tumor is neoplastic or non-neoplastic; determining whether a tumor is a neoplasm is often difficult in the case of cystic lesions or lesions with lymphocytic infiltration. Salivary gland epithelial cells include lumen-forming cells (acinar cells and ductal epithelial cells) and non–lumen-forming cells (myoepithelial cells and basal cells). In the case of salivary gland tumors, the first step of diagnosis is to differentiate between myoepithelial/basal cell-related tumors, as represented by polymorphic adenoma and basal cell adenoma, and non-myoepithelial/basal cell-related tumors, as represented by Warthin’s tumor. When used in combination with FNA cytology, Giemsa staining helps identify myoepithelial/basal cell-related tumors. Dyskaryosis is an important finding for differentiating between benign and malignant tumors, and evaluation methods used to determine the malignancy grade differ depending on histological types, such as mucoepidermoid carcinoma and adenoid cystic carcinoma [45,46,47,48].




4. Specimen Collection and Processing Procedures


Because FNA cytology has some disadvantages, CNB and LBC were recently introduced as new sample collection and processing procedures, respectively. All three procedures are described below, and the advantages and disadvantages of each procedure are summarized in Table 1.



4.1. Fine Needle Aspiration Cytology


In parotid gland FNA cytology, appropriate specimen collection, and processing are important. In order to obtain samples, a 22 to 23-gauge needle is attached to a 10-cc syringe, and a puncture is made into the mass under ultrasound guidance. Then, the needle is moved back and forth to make sure that it reaches the deepest part of the lesion, and aspiration is performed. For aspiration, pressure is applied by pulling the syringe plunger. Once the aspiration is complete, the negative pressure is released (by returning the syringe plunger to the original position), the needle is removed, and compression is applied to the puncture site. It is advisable to prepare the sample immediately after aspiration; usually, immediately after smearing the cells onto a sliding glass, the sample is fixed with 95% ethanol and then stained with Papanicolaou stain. In addition, the smeared cells are dried, and after methanol fixation, Giemsa staining is performed. In order to improve the rate of correct diagnosis; re-puncture is performed if the specimen is bloody to ensure that the sample includes tumor cells. If possible, rapid onsite cytodiagnosis should be performed to evaluate the adequacy of the specimen [49].




4.2. Core Needle Biopsy


CNB is a biopsy method in which tissue is removed with a thicker needle (8–20 G) than that used in FNA. Compared with FNA, CNB allows for the collection of larger tissue samples with preserved tissue structure [50], enabling general tissue and immunohistochemical staining and, thus, a more reliable histological diagnosis than is possible with standard cytology. Although CNB is generally considered safe, the use of a thicker needle can increase the risk of complications, such as tumor seeding, facial nerve damage, and hematoma [51,52,53,54,55]. However, according to a review by Shah et al., seeding after CNB in the head and neck region is rare, and the risk of local recurrence is roughly 0.0011% with CNB versus 0.00012% with FNA, indicating that the risk of seeding is not significantly different between FNA and CNB [56]. In a review by Schmidt et al., the sensitivity, specificity, and rate of inadequate specimen collection of CNB were reported to be 92%, 100%, and 1.2%, respectively, demonstrating that the sensitivity is higher and the rate of inadequate specimen collection is lower than with FNA [57]. Similarly, Cengiz et al. also noted that CNB has a higher diagnosis rate than FNA cytology [58]; the group pointed out the usefulness of CNB but admitted that there is room for argument regarding its risks, such as tumor seeding.




4.3. Liquid-Based Cytology


In LBC, sampled cells are stored as a cell suspension solution, and cytology specimens are prepared later with a special instrument. The specific advantages of this method are that the background contamination with blood can be cleaned, artifacts from air-drying are reduced, quick and proper fixation can be performed, samples can be preserved for a longer time, and specimens can be created with uniform density because the cells are smeared onto a limited circular area of the slide. However, the procedure also has some disadvantages in that cytomorphological, and sample background findings differ from those of conventional specimens because of the decreased cell cluster size and reduced extracellular particles [59,60,61]. Nevertheless, in addition to being used for the preparation of cytology specimens, the remaining samples can be used for tests such as immunocytochemistry and molecular chemical analysis [62,63]. Given these advantages, LBC is considered to enable a more accurate diagnosis than is possible with conventional FNA cytology. Kumar et al. examined the use of LBC in parotid tumors and found that, although LBC had comparable specificity and sensitivity to FNA cytology, it was better for observing nuclear details and background [64]. Another advantage of LBC is that cell blocks can be prepared and used for immunostaining [65].





5. Ancillary Diagnosis in Salivary Gland Cytology


Diagnosing salivary gland tumors by conventional cytology alone is difficult in some cases, so various ancillary diagnostic procedures are used. These procedures include staining methods, fluorescent in situ hybridization (FISH), and reverse transcription polymerase chain reaction (RT-PCR) [66,67,68,69,70,71,72,73,74,75].



Most immunostaining and molecular biological tests can be applied to a variety of cytology specimens, such as alcohol-fixed, dry-fixed, and LBC specimens, but using formalin-fixed, paraffin-embedded cell block sections is considered to be more reliable [67,68,70]. Immunostaining is used to support differential diagnosis in cases with an unclear diagnosis. Because each tumor can have a wide range of differential diagnoses (e.g., basaloid tumor, eosinophilic tumor, clear cell tumor), it is desirable to perform immunostaining with multiple antibody panels [69]. Recently, specific, highly reproducible gene translocations were found in salivary gland tumors [66,67,68,76,77,78,79,80]. Fusion oncogenes and oncoproteins resulting from gene translocations are useful diagnostic markers and can be detected by FISH and RT-PCR. Previously reported gene translocations and fusion oncogenes include the CRTC1/3-MAML2 fusion gene in mucoepidermoid carcinoma and the MYB-NFIB fusion gene in adenoid cystic carcinoma [81,82,83]. Although these genetic abnormalities are highly specific and can be considered as powerful diagnostic markers, detection of genetic abnormalities, in general, is not always reliable, so certain types of salivary gland tumors should not be excluded only on the basis of genetic testing. In the future, the detection of genetic abnormalities may become useful not only as an indicator for tissue diagnosis and prognosis but also as a target for gene therapy [76,79].




6. Frozen Section Biopsy


In parotid surgery, FSB has the following three general roles: to clarify the diagnosis, to check the resection stump, and to determine the presence or absence of nerve and cervical lymph node infiltration [84]. As FNA cytology became more commonly used for preoperative diagnosis in parotid surgery, opportunities to perform FSB became scarce, and its role shifted from being primarily a tool to differentiate between benign and malignant tumors and diagnose histological type to a method for assessing margins [85]. Although performing FSB may improve preoperative diagnosis in parotid surgery, it remains unclear whether FSB should always be used or whether its use should be limited to specific situations. Some authors suggest that FSB is more reliable than FNA cytology and that it should be used on a routine basis to ensure the best patient management [86]; on the other hand, others advocate using FSB only under certain circumstances, such as in cases with uncertain preoperative FNA cytology [87,88,89,90].



In their study on the usefulness of FSB for preoperative diagnosis based on FNA cytology, Choy et al. reported that the risk of malignancy (ROM) increased to as high as 100% when the result of FSB was “malignant” in cases with a diagnosis of atypia of undetermined significance (AUS), salivary gland neoplasm of uncertain malignant potential (SUMP), or suspicious for malignancy based on FNA cytology [87]. Pastorello et al. also found that the use of FSB in specimens diagnosed as non-diagnostic or SUMP by FNA cytology can increase specificity and positive predictive value [88]. Thus, FSB can potentially help in cases where FNA cytology does not lead to a benign/malignant diagnosis.



If FNA cytology does reveal a benign diagnosis, such as polymorphic adenoma or Warthin’s tumor, the effectiveness of FSB is limited because the risk of malignancy is very low; hence, in such cases, there is likely to be little need for FSB [89]. Disease stage and histological grade are important prognostic factors for parotid cancer, and the histological type and grade of tumors need to be accurately determined before surgery to allow surgeons to decide on the necessary extent of local resection, whether the facial nerve can be preserved or not, and whether neck dissection is necessary. Nishikawa et al. reported that compared with FNA cytology alone, additional FSB increases the accuracy of the histological grade [91]. If malignancy is suspected on FNA cytology, performing FSB concomitantly might allow the appropriate range of resection in parotid cancer surgery to be determined [90].




7. Classification Systems


7.1. Milan System


As mentioned above, the Milan System was introduced in 2018 as a system for reporting the classification of salivary gland cytology [30]. It was created by a group of pathologists and divides tumors into six groups, including a non-diagnostic category, whereby group IV comprises two subgroups. The aim of the group was to develop a diagnostic reporting system that would allow for the stratification of malignancy grades. Hence, ROM and clinical response are indicated for each category [5,6,7,9,10,92]. The ingenuity of this system lies in the classification of cases for which benign and malignant differentiation is difficult; such cases are divided into AUS, SUMP, and suspicious for malignancy. This section describes the classes of the Milan System and the appropriate clinical measures for each class. The classes of the Milan System are described below:



7.1.1. I. Non-diagnostic (ROM 25%)


Specimens that are insufficient in terms of quantity and quality and do not provide useful information for making a diagnosis. Although there is no set standard for “diagnostic” specimens, the Bethesda System for Reporting Thyroid Cytopathology uses a cutoff of at least 60 cells derived from the lesion as an index [30,93]. Specimens diagnosed as non-diagnostic include those containing no or almost no cellular components, those for which evaluation of cellular components is difficult due to dryness or blood contamination, and those with non-mucinous cyst fluid that does not include epithelial components. However, even when the number of cells is below the cutoff value, if cellular atypia is observed, mucinous cysts that do not include epithelial components are diagnosed as AUS, as described below. Ideally, 10% or fewer of specimens should be classified as non-diagnostic.



Clinical measures: Repeat FNA cytology should be performed on specimens.




7.1.2. II. Non-neoplastic (ROM 10%)


Commonly observed non-neoplastic lesions include inflammatory diseases such as acute salivary adenitis and chronic salivary adenitis, including granulomatous lesions [94,95,96,97]. This category includes bacterial infections in acute salivary adenitis; diseases that cause obstruction of the salivary gland duct, such as sialolithiasis, and IgG4-related diseases in chronic salivary adenitis; and mucocele and sarcoidosis in granulomatous inflammation [1,6,95,96,97]. To diagnose a specimen as non-neoplastic, physicians must perform a comprehensive assessment and always refer to clinical and imaging information.



Clinical measures: Physical and imaging findings are re-examined, and the patient is followed up. If imaging shows changes or a patient’s symptoms worsen, repeat FNA cytology should be performed.




7.1.3. III. AUS (ROM 20%)


This category is used for specimens with qualitatively or quantitatively insufficient cytological findings for diagnosing whether they are non-neoplastic or neoplastic. Specific examples include cellular atypia for which the possibility of neoplastic disease cannot be ruled out; cases in which changes in the squamous epithelium or eosinophilic changes are observed; neoplastic disease is suspected, but the number of cells is small; epithelial components are observed, but the presence of blood and other substances makes evaluation difficult; mucinous cystic lesions with few epithelial components; and lymphoid lesions that cannot be definitively diagnosed as lymphoproliferative disease. These specimens may have a low number of cells but show cellular atypia and thus cannot be categorized as non-diagnostic. As with non-diagnostic specimens (I.), ideally, fewer than 10% of cases should be identified as AUS.



Clinical measures: Physicians should also consider other types of clinical information, such as imaging and physical findings, and decide whether to perform repeat FNA, biopsy, or surgical resection.




7.1.4. IV. Neoplasm


As described above, FNA cytology enables differentiation between both non-neoplastic and neoplastic diseases and benign and malignant diseases with high specificity. In particular, polymorphic adenoma and Warthin’s tumor can be diagnosed with high specificity. However, for other histological types, tissue typing can be difficult without the use of ancillary diagnostic procedures or other approaches. The difficulty with tissue typing is probably a result of the diversity of histological types of salivary gland tumors and the variety of types observed even within the same tumor (although cytological findings of salivary gland tumors of different histological types do share similarities). Therefore, it is difficult to differentiate between benign and low-grade malignant tumors, so two subcategories of neoplasms were established:



IVA. Neoplasm—Benign (ROM ≤ 5%)


Clearly benign tumors, pleomorphic adenoma and Warthin’s tumor account for the majority of cases.




IVB. Neoplasm—SUMP (ROM 35%)


The specimen is clearly a neoplasm as judged from the cellular morphological features, but it is difficult to determine whether it is benign or malignant. This category includes hypercellular basaloid and hypercellular eosinophilic cell tumors for which a benign/malignant diagnosis is difficult to make by cytology and for which vascular and nerve infiltration needs to be diagnosed histologically. Such tumors include basal cell adenoma/basal cell adenocarcinoma, myoepithelial tumors, myoepithelial carcinoma, clear cell tumors, and low-grade malignant tumors with limited atypical features.



Clinical measures: If the specimen is diagnosed as Neoplasm—Benign, diagnostic imaging is performed, and the lesion is removed surgically after its location and size have been determined. In the case of parotid tumors, an appropriate operative approach (e.g., extracapsular dissection of tumors, lobectomy) is chosen after explaining to patients the risk of facial nerve paralysis, depending on the location of the lesion (e.g., whether it is located in the superficial or deep lobe). In addition, if Warthin’s tumor is strongly suspected after performing gadolinium contrast-enhanced magnetic resonance imaging (MRI) or another suitable imaging procedure, observation may also be chosen as the management approach. The measures to take are the same if the specimen is diagnosed as Neoplasm—SUMP, but the rapid intraoperative diagnosis should be performed because the likelihood of low-grade cancer is high. Depending on the result, an additional excision, such as neck dissection, may be indicated.





7.1.5. V. Suspicious for Malignancy (ROM 60%)


Although the sample does not have all the findings of malignancy, the findings suggest malignancy as a whole. Specimens in this category are mostly those with blood contamination or insufficient cell sampling, even though the specimens contain highly atypical cells. Other examples include specimens with minor cytological findings specific to malignant lesions, specimens with mixed malignant and benign findings, and specimens for which malignant lymphoma is suspected but difficult to determine. In some cases, these specimens can be diagnosed as VI. Malignant by performing ancillary diagnostic tests.



Clinical measures: In order to determine whether or not a tumor is malignant, repeat FNA, needle biopsy, incision biopsy, surgical resection, or other suitable tests are performed; physicians must consider whether an additional specimen should be obtained.



If surgical resection is performed after images, such as from MRI and computed tomography (CT), have been closely examined and the range of lesions, including metastatic lesions and disease stage, have been further evaluated, a rapid intraoperative pathological diagnosis should be obtained to evaluate whether neck dissection is indicated, and postoperative radiotherapy should be performed. If surgical resection is not indicated, the diagnosis should be confirmed by repeat FNA cytology, biopsy, and, if possible, ancillary diagnostic tests, and the further course of treatment should be decided.




7.1.6. VI. Malignant (ROM 90%)


The specimen can be determined as malignant based on cytological findings alone or in conjunction with an ancillary diagnosis. If surgery is indicated, the histological type and malignancy grade should also be described, if possible, because they are closely related to the extent of resection and the decisions on whether or not neck dissection should be performed and, in the case of parotid tumors, whether or not the facial nerve should be preserved.



Clinical measures: Factors that determine the prognosis of parotid cancer include T classification, histological malignancy grade, facial nerve infiltration, and old age; among these, advanced T and histological malignancy grades are known to be the most important factors [18,19]. The extent of local progression should be determined by close examination of CT, MRI, and positron emission tomography-CT (PET-CT) images. As for the malignancy grade, a diagnosis should be made by FNA to the extent possible, and surgical plans should be developed accordingly. In many cases, it is difficult to establish a diagnosis, including the histological type, by FNA; thus, rapid intraoperative cytology should also be used to diagnose the histological type and malignancy grade. In terms of local operative procedures, partial lobectomy is indicated if the patient has a relatively small low- to the medium-grade tumor [98]. In the case of advanced T-stage or highly malignant cancer, subtotal, total, and extended total parotidectomy are indicated [99]. With respect to the facial nerve, if nerve infiltration is observed, nerve excision is performed regardless of the grade of malignancy. With regard to neck dissection, patients with lymph node metastasis are known to have a poor prognosis [20,21]; however, the usefulness of therapeutic neck dissection in such patients and the best treatment strategies in patients without clinical lymph node metastasis have not been established. A number of reports have described total neck dissection in patients with positive lymph node metastasis [22,23], and some reports suggest that preventive neck dissection should be performed for high-grade and advanced T cancers [24,25,26]. In cases without an indication for surgery, repeat FNA cytology, incision biopsy, and, if possible, ancillary diagnostic tests should be used to establish the diagnosis, and treatment plans such as radiotherapy and chemotherapy should be developed accordingly.





7.2. Osaka Medical College Classification


The Milan System does not include malignancy grade or histological type, but such information is useful preoperatively for planning the course of treatment for salivary gland tumors. Therefore, our group proposed the OMC classification as a cytology classification that better matches clinical needs by incorporating the histological type and malignancy grade. The OMC classification has 11 categories, and the main difference from the Milan System is that tumors classified as IVA Neoplasm—Benign are further classified into histology confirmed (4-1) or histology unconfirmed (4-2). Moreover, those classified as VI. Malignant is divided into three categories: malignant (grade/histology unconfirmed) (6-2), malignant (grade confirmed) (6-3), and malignant (grade/histology confirmed) (6-4) (Table 2).



We verified the adequacy and validity of this classification system by examining 1175 patients with parotid tumors (benign tumors, n = 981; malignant tumors, n = 194; among the malignant tumors, 113 were low-/medium-grade malignancy and 81 were high-grade malignancy) who underwent surgery after preoperative FNA cytology at our department and in whom the OMC classification was applied. The risk of malignancy (ROM) was also calculated for each FNA diagnosis (Table 3). In the OMC classification, the ROM was comparable to the result of the Milan system. Accordingly, it is considered that this new classification system was appropriate in terms of differentiating between benign and malignancy. The FNAC diagnosis (OMC classification) was evaluated based on the final pathological diagnosis (Table 4). For 51 patients with mucoepidermoid carcinoma (low/intermediate-grade: 26 patients, high-grade: 25 patients), 27 patients (52.9%) were diagnosed as “malignant” (Category 6). Grade of malignancy (Category 6-3 + 6-4) was determined in 19.2% of low/intermediate-grade and 60.0% of high-grade. Other histology types are shown in Table 4. The FNAC diagnosis (OMC classification) was reviewed for patients whose final pathological diagnosis was a benign tumor, including pleomorphic adenoma (605 patients), Warthin tumor (225 patients), or basal cell adenoma (47 patients). The percentage of patients in whom benign histology was diagnosed by OMC classification (Category 4-1) was 85.1%, 73.8%, and 44.9%, respectively. Of the 981 cases with benign tumors as diagnosed by FNA cytology, 717 (73%) were diagnosed as OMC category 4-1, i.e., with confirmed histology. Moreover, when the 717 cases were compared relative to the final pathology, 93% were diagnosed correctly. Therefore, we concluded that the histological type of benign tumors can be determined by FNA cytology and that it is reasonable to include the histological type in the classification of cytology. However, malignant tumors diagnosed as category 6-4, i.e., with confirmed grade and histology, accounted for only 31% of all malignant tumors, and of these, 62% were diagnosed correctly. With regard to the malignancy grade, of the 194 cases with malignant tumors as diagnosed by FNA cytology, 82 (44%) were diagnosed, including the malignancy grade (categories 6-3 and 6-4). Moreover, when the 82 cases were compared relative to the final pathology, 88% were diagnosed correctly. Therefore, we concluded that FNA cytology can be used to determine the malignancy grade of malignant tumors and that it is reasonable to include the malignancy grade in the classification of cytology.



When taken together, FNA cytology for salivary gland tumors can be used to diagnose the histological type and malignancy grade, and because it has a good rate of correct diagnosis, it is reasonable to include histological type in the salivary gland cytology classification. Therefore, the OMC classification is considered clinically useful [31].





8. Conclusions


We have described the development of cytopathology for salivary gland tumors. In recent years, the accuracy of cytopathological diagnosis has improved with the development of specimen collection and system of diagnosis. The Milan system, which was a classification of cytopathology for salivary gland tumors, showed the risk of malignancy in each FNA category. We recently proposed a new classification (OMC classification) which included histological type and grade of malignancy in the classification category. We have concluded that FNA for the salivary gland tumors contributed to the diagnosis of not only benign/malignant but also histological type and grade of malignancy, and this information will help us to determine the treatment strategy.







Author Contributions


Conceptualization, M.T., T.T. and R.K.; writing—original draft preparation, M.T., T.T. and R.K.; writing—review and editing, M.T., T.T. and R.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Stewart, C.J.; MacKenzie, K.; McGarry, G.W.; Mowat, A. Fine-needle aspiration cytology of salivary gland: A review of 341 cases. Diagn. Cytopathol. 2000, 22, 139–146. [Google Scholar] [CrossRef]

	



Zbären, P.; Schär, C.; Hotz, M.A.; Loosli, H. Value of fine-needle aspiration cytology of parotid gland masses. Laryngoscope 2001, 111, 1989–1992. [Google Scholar] [CrossRef] [PubMed]

	



Klijanienko, J.; Vielh, P. Fine-needle sampling of salivary gland lesions. II. Cytology and histology correlation of 71 cases of Warthin’s tumor (adenolymphoma). Diagn. Cytopathol. 1997, 16, 221–225. [Google Scholar] [CrossRef]

	



Ahn, S.; Kim, Y.; Oh, Y.L. Fine needle aspiration cytology of benign salivary gland tumors with myoepithelial cell participation: An institutional experience of 575 cases. Acta Cytol. 2013, 57, 567–574. [Google Scholar] [CrossRef] [PubMed]

	



Colella, G.; Cannavale, R.; Flamminio, F.; Foschini, M.P. Fine-needle aspiration cytology of salivary gland lesions: A systematic review. J. Oral Maxillofac. Surg. 2010, 68, 2146–2153. [Google Scholar] [CrossRef] [PubMed]

	



Rossi, E.D.; Wong, L.Q.; Bizzarro, T.; Petrone, G.; Mule, A.; Fadda, G.; Baloch, Z.M. The impact of FNAC in the management of salivary gland lesions: Institutional experiences leading to a risk-based classification scheme. Cancer Cytopathol. 2016, 124, 388–396. [Google Scholar] [CrossRef]

	



Liu, C.C.; Jethwa, A.R.; Khariwala, S.S.; Johnson, J.; Shin, J.J. Sensitivity, specificity, and posttest probability of parotid fine-needle aspiration: A systematic review and meta-analysis. Otolaryngol. Head Neck Surg. 2016, 154, 9–23. [Google Scholar] [CrossRef]

	



Hughes, J.H.; Volk, E.E.; Wilbur, D.C. Pitfalls in salivary gland fine-needle aspiration cytology: Lessons from the College of American Pathologists Interlaboratory Comparison Program in Nongynecologic Cytology. Arch. Pathol. Lab. Med. 2005, 129, 26–31. [Google Scholar] [CrossRef]

	



Griffith, C.C.; Pai, R.K.; Schneider, F.; Duvvuri, U.; Ferris, R.L.; Johnson, J.T.; Seethala, R.R. Salivary gland tumor fine-needle aspiration cytology: A proposal for a risk stratification classification. Am. J. Clin. Pathol. 2015, 143, 839–853. [Google Scholar] [CrossRef]

	



Wei, S.; Layfield, L.J.; LiVolsi, V.A.; Montone, K.T.; Baloch, Z.W. Reporting of fine needle aspiration (FNA) specimens of salivary gland lesions: A comprehensive review. Diagn. Cytopathol. 2017, 45, 820–827. [Google Scholar] [CrossRef]

	



Song, I.H.; Song, J.S.; Sung, C.O.; Roh, J.L.; Choi, S.H.; Nam, S.Y.; Kim, S.Y.; Lee, J.H.; Baek, J.H.; Cho, K.J. Accuracy of core needle biopsy versus fine needle aspiration cytology for diagnosing salivary gland tumors. J. Pathol. Transl. Med. 2015, 49, 136–143. [Google Scholar] [CrossRef] [PubMed]

	



Tyagi, R.; Dey, P. Diagnostic problems of salivary gland tumors. Diagn. Cytopathol. 2015, 43, 495–509. [Google Scholar] [CrossRef] [PubMed]

	



Wang, H.; Fundakowski, C.; Khurana, J.S.; Jhala, N. Fine-needle aspiration biopsy of salivary gland lesions. Arch. Pathol. Lab. Med. 2015, 139, 1491–1497. [Google Scholar] [CrossRef] [PubMed]

	



Patel, D.K.; Morton, R.P. Demographics of benign parotid tumours: Warthin’s tumour versus other benign salivary tumours. Acta Otolaryngol. 2016, 136, 83–86. [Google Scholar] [CrossRef] [PubMed]

	



Kawata, R.; Kinoshita, I.; Omura, S.; Higashino, M.; Nishikawa, S.; Terada, T.; Haginomori, S.I.; Kurisu, Y.; Hirose, Y.; Tochizawa, T. Risk factors of postoperative facial palsy for benign parotid tumors: Outcome of 1,018 patients. Laryngoscope 2021, 131, E2857–E2864. [Google Scholar] [CrossRef]

	



Veder, L.L.; Kerrebijn, J.D.; Smedts, F.M.; den Bakker, M.A. Diagnostic accuracy of fine-needle aspiration cytology in Warthin tumors. Head Neck 2010, 32, 1635–1640. [Google Scholar] [CrossRef]

	



Witt, R.L.; Eisele, D.W.; Morton, R.P.; Nicolai, P.; Poorten, V.V.; Zbären, P. Etiology and management of recurrent parotid pleomorphic adenoma. Laryngoscope 2015, 125, 888–893. [Google Scholar] [CrossRef]

	



Seethala, R.R. Histologic grading and prognostic biomarkers in salivary gland carcinomas. Adv. Anat. Pathol. 2011, 18, 29–45. [Google Scholar] [CrossRef]

	



Westergaard-Nielsen, M.; Möller, S.; Godballe, C.; Grau Eriksen, J.; Larsen, S.R.; Kiss, K.; Agander, T.; Parm Ulhøi, B.; Charabi, B.; Ehlers Klug, T.; et al. Prognostic scoring models in parotid gland carcinoma. Head Neck 2021, 43, 2081–2090. [Google Scholar] [CrossRef]

	



Meyer, M.F.; Kreppel, M.; Meinrath, J.; Grünewald, I.; Stenner, M.; Drebber, U.; Quaas, A.; Odenthal, M.; Semrau, R.; Huebbers, C.U.; et al. Prediction of outcome by lymph node ratio in patients with parotid gland cancer. Clin. Otolaryngol. 2017, 42, 98–103. [Google Scholar] [CrossRef]

	



Klussmann, J.P.; Ponert, T.; Mueller, R.P.; Dienes, H.P.; Guntinas-Lichius, O. Patterns of lymph node spread and its influence on outcome in resectable parotid cancer. Eur. J. Surg. Oncol. 2008, 34, 932–937. [Google Scholar] [CrossRef] [PubMed]

	



Eneroth, C.M.; Hamberger, C.A. Principles of treatment of different types of parotid tumors. Laryngoscope 1974, 84, 1732–1740. [Google Scholar] [CrossRef] [PubMed]

	



Sinha, B.K.; Buntine, D.W. Parotid gland tumors. Clinicopathologic study. Am. J. Surg. 1975, 129, 675–681. [Google Scholar] [CrossRef]

	



Armstrong, J.G.; Harrison, L.B.; Thaler, H.T.; Friedlander-Klar, H.; Fass, D.E.; Zelefsky, M.J.; Shah, J.P.; Strong, E.W.; Spiro, R.H. The indications for elective treatment of the neck in cancer of the major salivary glands. Cancer 1992, 69, 615–619. [Google Scholar] [CrossRef]

	



Medina, J.E. Neck dissection in the treatment of cancer of major salivary glands. Otolaryngol. Clin. N. Am. 1998, 31, 815–822. [Google Scholar] [CrossRef]

	



Jinnin, T.; Kawata, R.; Higashino, M.; Nishikawa, S.; Terada, T.; Haginomori, S.I. Patterns of lymph node metastasis and the management of neck dissection for parotid carcinomas: A single-institute experience. Int. J. Clin. Oncol. 2019, 24, 624–631. [Google Scholar] [CrossRef]

	



Layfield, L.J.; Tan, P.; Glasgow, B.J. Fine-needle aspiration of salivary gland lesions. Comparison with frozen sections and histologic findings. Arch. Pathol. Lab. Med. 1987, 111, 346–353. [Google Scholar] [PubMed]

	



Mairembam, P.; Jay, A.; Beale, T.; Morley, S.; Vaz, F.; Kalavrezos, N.; Kocjan, G. Salivary gland FNA cytology: Role as a triage tool and an approach to pitfalls in cytomorphology. Cytopathology 2016, 27, 91–96. [Google Scholar] [CrossRef]

	



El-Naggar, A. WHO classification of tumors of salivary glands. In WHO Classification of Head and Neck Tumours; El-Naggar, A.K., Chan, J.K.C., Grandis, J.R., Takata, T., Slootweg, P.J., Eds.; International Agency for Research on Cancer: Lyon, France, 2017; p. 160. [Google Scholar]

	



Rossi, E.D.; Faquin, W.C.; Baloch, Z.; Barkan, G.A.; Foschini, M.P.; Pusztaszeri, M.; Vielh, P.; Kurtycz, D.F.I. The Milan System for Reporting Salivary Gland Cytopathology: Analysis and suggestions of initial survey. Cancer Cytopathol. 2017, 125, 757–766. [Google Scholar] [CrossRef]

	



Taniuchi, M.; Kawata, R.; Omura, S.; Haginomori, S.I.; Terada, T.; Higashino, M.; Kurisu, Y.; Hirose, Y. A novel clinically-oriented classification of fine-needle aspiration cytology for salivary gland tumors: A 20-year retrospective analysis of 1175 patients. Int. J. Clin. Oncol. 2021, 26, 326–334. [Google Scholar] [CrossRef] [PubMed]

	



Schwarz, R.; Chan, N.H.; MacFarlane, J.K. Fine needle aspiration cytology in the evaluation of head and neck masses. Am. J. Surg. 1990, 159, 482–485. [Google Scholar] [CrossRef]

	



Greig, E.D.; Gray, A.C. Note on the lymphatic glands in sleeping sickness. Br. Med. J. 1904, 1, 1252. [Google Scholar] [CrossRef] [PubMed]

	



Martin, H.E.; Ellis, E.B. Classics in oncology. Biopsy by needle puncture and aspiration. CA Cancer J. Clin. 1986, 36, 71–82. [Google Scholar] [CrossRef]

	



Eneroth, C.M.; Frazén, S.; Zajicek, J. Cytologic diagnosis of aspirate from 1000 salivary-gland tumours. Acta Otolaryngol. 1967, 63 (Suppl. 224), 168–172. [Google Scholar] [CrossRef] [PubMed]

	



Frable, W.J.; Frable, M.A. Thin-needle aspiration biopsy in the diagnosis of head and neck tumors. Laryngoscope 1974, 84, 1069–1077. [Google Scholar] [CrossRef] [PubMed]

	



Babeş, A. Diagnostic du cancer de col par les frottis. Presse Med. 1928, 36, 451–454. [Google Scholar]

	



Papanicolaou, G.N. New cancer diagnosis. CA Cancer J. Clin. 1973, 23, 174–179. [Google Scholar] [CrossRef]

	



Traut, H.F.; Papanicolaou, G.N. Cancer of the uterus: The vaginal smear in its diagnosis. Calif. West. Med. 1943, 59, 121–122. [Google Scholar]

	



Ali, S.Z.; Cibas, E.S. The Bethesda System for Reporting Thyroid Cytopathology: Definitions, Criteria and Explanatory Notes; Springer: New York, NY, USA, 2010. [Google Scholar]

	



Hang, J.F.; Lee, J.J.L.; Nga, M.E.; Higuchi, K.; Hirata, Y.; Wu, H.H.; Allison, D.B.; Gilbert, J.D.; Lin, O.; Saieg, M.; et al. Multi-institutional validation of a modified scheme for subcategorizing salivary gland neoplasm of uncertain malignant potential (SUMP). Cancer Cytopathol. 2022, 130, 511–522. [Google Scholar] [CrossRef]

	



Pusztaszeri, M.P.; Baloch, Z.W. Subcategorizing salivary gland neoplasm of uncertain malignant potential (SUMP) in the Milan System for Reporting Salivary Gland Cytopathology. Cancer Cytopathol. 2022, 130, 484–487. [Google Scholar] [CrossRef]

	



Mazzola, F.; Tomasoni, M.; Mocellin, D.; Dalè, M.; Iandelli, A.; Carobbio, A.; Marchi, F.; Filauro, M.; Petruzzi, G.; Massa, B.; et al. A multicenter validation of the revised version of the Milan system for reporting salivary gland cytology (MSRSGC). Oral Oncol. 2020, 109, 104867. [Google Scholar] [CrossRef] [PubMed]

	



Mazzola, F.; Gupta, R.; Luk, P.P.; Palme, C.; Clark, J.R.; Low, T.H. The Milan System for Reporting Salivary Gland Cytopathology-Proposed modifications to improve clinical utility. Head Neck 2019, 41, 2566–2573. [Google Scholar] [CrossRef] [PubMed]

	



Goode, R.K.; Auclair, P.L.; Ellis, G.L. Mucoepidermoid carcinoma of the major salivary glands: Clinical and histopathologic analysis of 234 cases with evaluation of grading criteria. Cancer 1998, 82, 1217–1224. [Google Scholar] [CrossRef]

	



Brandwein, M.S.; Ivanov, K.; Wallace, D.I.; Hille, J.J.; Wang, B.; Fahmy, A.; Bodian, C.; Urken, M.L.; Gnepp, D.R.; Huvos, A.; et al. Mucoepidermoid carcinoma: A clinicopathologic study of 80 patients with special reference to histological grading. Am. J. Surg. Pathol. 2001, 25, 835–845. [Google Scholar] [CrossRef]

	



Katabi, N.; Ghossein, R.; Ali, S.; Dogan, S.; Klimstra, D.; Ganly, I. Prognostic features in mucoepidermoid carcinoma of major salivary glands with emphasis on tumour histologic grading. Histopathology 2014, 65, 793–804. [Google Scholar] [CrossRef]

	



Szanto, P.A.; Luna, M.A.; Tortoledo, M.E.; White, R.A. Histologic grading of adenoid cystic carcinoma of the salivary glands. Cancer 1984, 54, 1062–1069. [Google Scholar] [CrossRef]

	



Kakkar, A.; Kumar, M.; Subramanian, P.; Zubair, A.; Kumar, R.; Thakar, A.; Jain, D.; Mathur, S.R.; Iyer, V.K. Utility of the Milan system for reporting salivary gland cytopathology during rapid on-site evaluation (ROSE) of salivary gland aspirates. Cytopathology 2021, 32, 779–788. [Google Scholar] [CrossRef]

	



Yuen, H.Y.; Lee, Y.; Bhatia, K.; Wong, K.T.; Ahuja, A.T. Use of end-cutting needles in ultrasound-guided biopsy of neck lesions. Eur. Radiol. 2012, 22, 832–836. [Google Scholar] [CrossRef]

	



Supriya, M.; Denholm, S.; Palmer, T. Seeding of tumor cells after fine needle aspiration cytology in benign parotid tumor: A case report and literature review. Laryngoscope 2008, 118, 263–265. [Google Scholar] [CrossRef]

	



Yamaguchi, K.T.; Strong, M.S.; Shapshay, S.M.; Soto, E. Seeding of parotid carcinoma along Vim-Silverman needle tract. J. Otolaryngol. 1979, 8, 49–52. [Google Scholar]

	



Roussel, F.; Dalion, J.; Benozio, M. The risk of tumoral seeding in needle biopsies. Acta Cytol. 1989, 33, 936–939. [Google Scholar] [PubMed]

	



Douville, N.J.; Bradford, C.R. Comparison of ultrasound-guided core biopsy versus fine-needle aspiration biopsy in the evaluation of salivary gland lesions. Head Neck 2013, 35, 1657–1661. [Google Scholar] [CrossRef] [PubMed]

	



Howlett, D.C.; Menezes, L.J.; Lewis, K.; Moody, A.B.; Violaris, N.; Williams, M.D. Sonographically guided core biopsy of a parotid mass. AJR Am. J. Roentgenol. 2007, 188, 223–227. [Google Scholar] [CrossRef] [PubMed]

	



Shah, K.S.; Ethunandan, M. Tumour seeding after fine-needle aspiration and core biopsy of the head and neck—A systematic review. Br. J. Oral Maxillofac. Surg. 2016, 54, 260–265. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, R.L.; Hall, B.J.; Layfield, L.J. A systematic review and meta-analysis of the diagnostic accuracy of ultrasound-guided core needle biopsy for salivary gland lesions. Am. J. Clin. Pathol. 2011, 136, 516–526. [Google Scholar] [CrossRef]

	



Cengiz, A.B.; Tansuker, H.D.; Gul, R.; Emre, F.; Demirbas, T.; Oktay, M.F. Comparison of preoperative diagnostic accuracy of fine needle aspiration and core needle biopsy in parotid gland neoplasms. Eur. Arch. Otorhinolaryngol. 2021, 278, 4067–4074. [Google Scholar] [CrossRef]

	



Mygdakos, N.; Nikolaidou, S.; Tzilivaki, A.; Tamiolakis, D. Liquid based preparation (LBP) cytology versus conventional cytology (CS) in FNA samples from breast, thyroid, salivary glands and soft tissues. Our experience in Crete (Greece). Rom. J. Morphol. Embryol. 2009, 50, 245–250. [Google Scholar]

	



Tripathy, K.; Misra, A.; Ghosh, J.K. Efficacy of liquid-based cytology versus conventional smears in FNA samples. J. Cytol. 2015, 32, 17–20. [Google Scholar] [CrossRef]

	



Suzuki, A.; Hirokawa, M.; Higuchi, M.; Yamao, N.; Kuma, S.; Nakamura, H.; Amino, N.; Miyauchi, A. Cytological characteristics of papillary thyroid carcinoma on LBC specimens, compared with conventional specimens. Diagn. Cytopathol. 2015, 43, 108–113. [Google Scholar] [CrossRef]

	



Rossi, E.D.; Raffaelli, M.; Minimo, C.; Mule, A.; Lombardi, C.P.; Vecchio, F.M.; Fadda, G. Immunocytochemical evaluation of thyroid neoplasms on thin-layer smears from fine-needle aspiration biopsies. Cancer 2005, 105, 87–95. [Google Scholar] [CrossRef]

	



Hashimoto, K.; Morimoto, A.; Kato, M.; Tominaga, Y.; Maeda, N.; Tsuzuki, T.; Yokoi, T.; Nagasaka, T. Immunocytochemical analysis for differential diagnosis of thyroid lesions using liquid-based cytology. Nagoya J. Med. Sci. 2011, 73, 15–24. [Google Scholar] [PubMed]

	



Kumar, M.; Katiyar, S.; Sagar, M.; Kumari, M.; Goel, M.M. Liquid-based cytology versus conventional cytology in fine-needle aspirates of salivary gland neoplasms. Indian J. Pathol. Microbiol. 2018, 61, 45–49. [Google Scholar] [CrossRef] [PubMed]

	



Rarick, J.M.; Wasman, J.; Michael, C.W. The utility of liquid-based cytology in salivary gland fine-needle aspirates: Experience of an academic institution. Acta Cytol. 2014, 58, 552–562. [Google Scholar] [CrossRef] [PubMed]

	



Griffith, C.C.; Schmitt, A.C.; Little, J.L.; Magliocca, K.R. New developments in salivary gland pathology: Clinically useful ancillary testing and new potentially targetable molecular alterations. Arch. Pathol. Lab. Med. 2017, 141, 381–395. [Google Scholar] [CrossRef]

	



Pusztaszeri, M.P.; Faquin, W.C. Update in salivary gland cytopathology: Recent molecular advances and diagnostic applications. Semin. Diagn. Pathol. 2015, 32, 264–274. [Google Scholar] [CrossRef]

	



Pusztaszeri, M.P.; García, J.J.; Faquin, W.C. Salivary gland FNA: New markers and new opportunities for improved diagnosis. Cancer Cytopathol. 2016, 124, 307–316. [Google Scholar] [CrossRef]

	



Griffith, C.C.; Siddiqui, M.T.; Schmitt, A.C. Ancillary testing strategies in salivary gland aspiration cytology: A practical pattern-based approach. Diagn. Cytopathol. 2017, 45, 808–819. [Google Scholar] [CrossRef]

	



Foo, W.C.; Jo, V.Y.; Krane, J.F. Usefulness of translocation-associated immunohistochemical stains in the fine-needle aspiration diagnosis of salivary gland neoplasms. Cancer Cytopathol. 2016, 124, 397–405. [Google Scholar] [CrossRef]

	



Evrard, S.M.; Meilleroux, J.; Daniel, G.; Basset, C.; Lacoste-Collin, L.; Vergez, S.; Uro-Coste, E.; Courtade-Saidi, M. Use of fluorescent in-situ hybridisation in salivary gland cytology: A powerful diagnostic tool. Cytopathology 2017, 28, 312–320. [Google Scholar] [CrossRef]

	



Hudson, J.B.; Collins, B.T. MYB gene abnormalities t(6;9) in adenoid cystic carcinoma fine-needle aspiration biopsy using fluorescence in situ hybridization. Arch. Pathol. Lab. Med. 2014, 138, 403–409. [Google Scholar] [CrossRef]

	



Moon, A.; Cohen, C.; Siddiqui, M.T. MYB expression: Potential role in separating adenoid cystic carcinoma (ACC) from pleomorphic adenoma (PA). Diagn. Cytopathol. 2016, 44, 799–804. [Google Scholar] [CrossRef] [PubMed]

	



Sun, T.; Akalin, A.; Dresser, K.; Fischer, A.H.; Zuo, T. The utility of MYB immunohistochemistry (IHC) in fine needle aspiration (FNA) diagnosis of adenoid cystic carcinoma (AdCC). Head Neck Pathol. 2021, 15, 389–394. [Google Scholar] [CrossRef] [PubMed]

	



Pusztaszeri, M.P.; Sadow, P.M.; Ushiku, A.; Bordignon, P.; McKee, T.A.; Faquin, W.C. MYB immunostaining is a useful ancillary test for distinguishing adenoid cystic carcinoma from pleomorphic adenoma in fine-needle aspiration biopsy specimens. Cancer Cytopathol. 2014, 122, 257–265. [Google Scholar] [CrossRef] [PubMed]

	



Weinreb, I. Translocation-associated salivary gland tumors: A review and update. Adv. Anat. Pathol. 2013, 20, 367–377. [Google Scholar] [CrossRef]

	



Skálová, A.; Stenman, G.; Simpson, R.H.W.; Hellquist, H.; Slouka, D.; Svoboda, T.; Bishop, J.A.; Hunt, J.L.; Nibu, K.I.; Rinaldo, A.; et al. The role of molecular testing in the differential diagnosis of salivary gland carcinomas. Am. J. Surg. Pathol. 2018, 42, e11–e27. [Google Scholar] [CrossRef]

	



Skálová, A.; Hyrcza, M.D.; Vaneček, T.; Baněčková, M.; Leivo, I. Fusion-positive salivary gland carcinomas. Genes Chromosomes Cancer 2022, 61, 228–243. [Google Scholar] [CrossRef] [PubMed]

	



Andersson, M.K.; Stenman, G. The landscape of gene fusions and somatic mutations in salivary gland neoplasms-Implications for diagnosis and therapy. Oral. Oncol. 2016, 57, 63–69. [Google Scholar] [CrossRef] [PubMed]

	



Stenman, G. Fusion oncogenes in salivary gland tumors: Molecular and clinical consequences. Head Neck Pathol. 2013, 7 (Suppl. 1), S12–S19. [Google Scholar] [CrossRef]

	



Tonon, G.; Modi, S.; Wu, L.; Kubo, A.; Coxon, A.B.; Komiya, T.; O’Neil, K.; Stover, K.; El-Naggar, A.; Griffin, J.D.; et al. t(11;19)(q21;p13) translocation in mucoepidermoid carcinoma creates a novel fusion product that disrupts a Notch signaling pathway. Nat. Genet. 2003, 33, 208–213. [Google Scholar] [CrossRef]

	



Okumura, Y.; Nakano, S.; Murase, T.; Ueda, K.; Kawakita, D.; Nagao, T.; Kusafuka, K.; Urano, M.; Yamamoto, H.; Kano, S.; et al. Prognostic impact of CRTC1/3-MAML2 fusions in salivary gland mucoepidermoid carcinoma: A multiinstitutional retrospective study. Cancer Sci. 2020, 111, 4195–4204. [Google Scholar] [CrossRef]

	



West, R.B.; Kong, C.; Clarke, N.; Gilks, T.; Lipsick, J.S.; Cao, H.; Kwok, S.; Montgomery, K.D.; Varma, S.; Le, Q.T. MYB expression and translocation in adenoid cystic carcinomas and other salivary gland tumors with clinicopathologic correlation. Am. J. Surg. Pathol. 2011, 35, 92–99. [Google Scholar] [CrossRef] [PubMed]

	



Wong, D.S.Y. Frozen Section during Parotid Surgery Revisited: Efficacy of Its Applications and Changing Trend of Indications. Head Neck 2002, 24, 191–197. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, R.L.; Hunt, J.P.; Hall, B.J.; Wilson, A.R.; Layfield, L.J. A Systematic Review and Meta-Analysis of the Diagnostic Accuracy of Frozen Section for Parotid Gland Lesions. Am. J. Clin. Pathol. 2011, 136, 729–738. [Google Scholar] [CrossRef] [PubMed]

	



Arabi Mianroodi, A.A.; Sigston, E.A.; Vallance, N.A. Frozen Section for Parotid Surgery: Should It Become Routine? ANZ J. Surg. 2006, 76, 736–739. [Google Scholar] [CrossRef]

	



Choy, K.C.C.; Bundele, M.M.; Fu, E.W.; Li, H.; Gan, J.Y.J.; Rao, N.C.L.; Lim, M.Y. Risk Stratification of Parotid Neoplasms Based on Intraoperative Frozen Section and Preoperative Fine Needle Aspiration Cytology. Eur. Arch. Otorhinolaryngol. 2022, 279, 2117–2131. [Google Scholar] [CrossRef]

	



Pastorello, R.G.; Rodriguez, E.F.; McCormick, B.A.; Calsavara, V.F.; Chen, L.C.; Zarka, M.A.; Schmitt, A.C. Is There a Role for Frozen Section Evaluation of Parotid Masses After Preoperative Cytology or Biopsy Diagnosis? Head Neck Pathol. 2021, 15, 859–865. [Google Scholar] [CrossRef]

	



Suzuki, M.; Nakaegawa, Y.; Kobayashi, T.; Kawase, T.; Matsuzuka, T.; Murono, S. The role of frozen section biopsy for parotid gland tumour with benign fine-needle aspiration cytology. J. Laryngol. Otol. 2019, 133, 227–229. [Google Scholar] [CrossRef]

	



Zbären, P.; Guélat, D.; Loosli, H.; Stauffer, E. Parotid Tumors: Fine-Needle Aspiration and/or Frozen Section. Otolaryngol. Head Neck Surg. 2008, 139, 811–815. [Google Scholar] [CrossRef]

	



Nishikawa, S.; Kawata, R.; Higashino, M.; Lee, K.; Terada, T.; Kurisu, Y.; Tsuji, M. Assessing the Histological Type and Grade of Primary Parotid Carcinoma by Fine-Needle Aspiration and Frozen Section. Auris Nasus Larynx 2015, 42, 463–468. [Google Scholar] [CrossRef]

	



Schmidt, R.L.; Hall, B.J.; Wilson, A.R.; Layfield, L.J. A systematic review and meta-analysis of the diagnostic accuracy of fine-needle aspiration cytology for parotid gland lesions. Am. J. Clin. Pathol. 2011, 136, 45–59. [Google Scholar] [CrossRef]

	



Cibas, E.S.; Ali, S.Z. The 2017 Bethesda System for Reporting Thyroid Cytopathology. Thyroid 2017, 27, 1341–1346. [Google Scholar] [CrossRef] [PubMed]

	



Stanley, M.W.; Bardales, R.H.; Beneke, J.; Korourian, S.; Stern, S.J. Sialolithiasis. Differential diagnostic problems in fine-needle aspiration cytology. Am. J. Clin. Pathol. 1996, 106, 229–233. [Google Scholar] [CrossRef] [PubMed]

	



Pastore, A.; Borin, M.; Malagutti, N.; Di Laora, A.; Beccati, D.; Delazer, A.L.; Bianchini, C.; Stomeo, F.; Ciorba, A.; Pelucchi, S. Preoperative assessment of salivary gland neoplasms with fine needle aspiration cytology and echography: A retrospective analysis of 357 cases. Int. J. Immunopathol. Pharmacol. 2013, 26, 965–971. [Google Scholar] [CrossRef] [PubMed]

	



Layfield, L.J.; Glasgow, B.J. Diagnosis of salivary gland tumors by fine-needle aspiration cytology: A review of clinical utility and pitfalls. Diagn. Cytopathol. 1991, 7, 267–272. [Google Scholar] [CrossRef]

	



Ascoli, V.; Albedi, F.M.; De Blasiis, R.; Nardi, F. Sialadenosis of the parotid gland: Report of four cases diagnosed by fine-needle aspiration cytology. Diagn. Cytopathol. 1993, 9, 151–155. [Google Scholar] [CrossRef]

	



Stathopoulos, P.; Igoumenakis, D.; Smith, W.P. Partial Superficial, Superficial, and Total Parotidectomy in the Management of Benign Parotid Gland Tumors: A 10-Year Prospective Study of 205 Patients. J. Oral. Maxillofac. Surg. 2018, 76, 455–459. [Google Scholar] [CrossRef]

	



Nishikado, A.; Kawata, R.; Haginomori, S.-I.; Terada, T.; Higashino, M.; Kurisu, Y.; Hirose, Y. A Clinicopathological Study of Parotid Carcinoma: 18-Year Review of 171 Patients at a Single Institution. Int. J. Clin. Oncol. 2018, 23, 615–624. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Advantages and disadvantages of fine needle aspiration, core needle biopsy, and liquid-based cytology.






Table 1. Advantages and disadvantages of fine needle aspiration, core needle biopsy, and liquid-based cytology.










	Procedure
	Advantages
	Disadvantages





	Fine needle aspiration
	
	
Rapid, simple, and minimally invasive



	
Cost-effective





	
	
The rate of inadequate specimen collection is higher








	Core needle biopsy
	
	
High sensitivity and specificity



	
Immunostaining and molecular biological tests can be performed





	
	
Invasive, possible risk of tumor seeding



	
Requires skill








	Liquid-based cytology
	
	
Cell specimens can be preserved



	
Better observation of nuclear details and background



	
Immunostaining and molecular biological tests can be performed





	
	
Costly



	
Changes may occur in cytomorphological findings and sample background findings
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Table 2. Comparison of the Milan System and Osaka Medical College classification.
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Milan System

	

	
Osaka Medical College Classification






	
I. Non-diagnostic

	
 [image: Life 12 01897 i001]

	
1-1 Inadequate




	
 [image: Life 12 01897 i002]

	
1-2 Cyst contents




	
II. Non-neoplastic

	
 [image: Life 12 01897 i001]

	
2 Non-neoplastic




	
III. AUS

	
 [image: Life 12 01897 i001]

	
3 AUS




	
IV. Neoplasm

	
 [image: Life 12 01897 i003]

	
4-1 Benign tumor (histology confirmed)




	
  IVA. Neoplasm—benign

	
4-2 Benign tumor (histology unconfirmed)




	
  IVB. Neoplasm—SUMP

	
 [image: Life 12 01897 i001]

	
5 SUMP




	
V. Suspicious for malignancy

	

	
6-1 Suspicious for malignancy




	
VI. Malignant

	
 [image: Life 12 01897 i004]

	
6-2 Malignant (grade/histology unconfirmed)




	
6-3 Malignant (grade confirmed)




	
6-4 Malignant (grade/histology confirmed)








AUS, atypia of undetermined significance; SUMP, salivary gland neoplasm of unknown malignant potential.
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Table 3. Cytopathological results for the Osaka Medical College (OMC) system for salivary gland tumors.
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	1-1
	1-2
	2
	3
	4-1
	4-2
	5
	6-1
	6-2
	6-3
	6-4





	Malignant

(n = 194)

(113/81)
	26

(18/8)
	2

(2/0)
	5

(4/1)
	0


	12

(9/3)
	13

(13/0)
	23

(15/8)
	13

(10/3)
	18

(7/11)
	21

(6/15)
	61

(29/3)



	Benign

(n = 981)
	133
	20
	27
	8
	717
	38
	26
	4
	3
	1
	4



	Total

(%)
	13.5
	1.9
	2.7
	0.7
	62.0
	4.3
	4.2
	1.4
	1.8
	1.9
	5.5



	ROM

(%)
	16.4
	9.1
	15.6
	0.0
	1.6
	25.5
	46.9
	76.5
	85.7
	95.5
	93.8







The number in parentheses indicates each case by histological grade (low- or intermediate-/high-grade). ROM, risk of malignancy.
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Table 4. Cytopathological results for the Osaka Medical College (OMC) system for each final pathology.
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	1-1
	1-2
	2
	3
	4-1
	4-2
	5
	6-1
	6-2
	6-3
	6-4
	Total





	Malignant
	
	
	
	
	
	
	
	
	
	
	
	



	MEC
	8

(6/2)
	1

(1/0)
	3

(2/1)
	0


	2

(1/1)
	3

(3/0)
	7

(4/3)
	4

(3/1)
	3

(1/2)
	3

(1/2)
	17

(4/13)
	51



	Ca ex

pleo
	2

(1/1)
	
	
	
	4

(2/2)
	3

(3/0)
	3

(0/3)
	1

(0/1)
	6

(2/4)
	4

(1/3)
	6

(2/4)
	29



	AdCC
	3

(2/1)
	
	
	
	1

(1/0)
	2

(2/0)
	3

(3/0)
	1

(1/0)
	3

(0/3)
	
	9

(8/1)
	22



	SDC
	1
	
	
	
	
	
	1
	
	1
	8
	7
	18



	Benign
	
	
	
	
	
	
	
	
	
	
	
	



	Pleo
	40
	3
	7
	3
	515
	16
	12
	2
	3
	1
	3
	605



	Warthin
	39
	2
	10
	3
	166
	6
	3
	1
	
	
	
	225



	BCA
	11
	
	
	
	21
	11
	3
	
	
	
	1
	47







The number in parentheses indicates each case by histological grade (low- or intermediate-/high-grade). AdCC, adenoid cystic carcinoma; BCA, basal cell adenoma; Ca ex pleo, carcinoma ex pleomorphic adenoma; MEC, mucoepidermoid carcinoma; Pleo, pleomorphic adenoma; SDC, salivary duct carcinoma; Warthin, Warthin tumor.
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