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Abstract

:

(1) Background: Accurate preoperative identification of medullary thyroid carcinoma (MTC) is challenging due to a spectrum of cytomorphologic features. However, there is a scarcity of studies describing the cytomorphologic features as seen on fine-needle aspiration (FNA) smears prepared using different staining methods. (2) Methods: We performed a retrospective study on MTC cases with available FNA slides from 13 hospitals distributed across 8 Asia-Pacific countries. The differences in the constitutive cytomorphologic features of MTC with each cytopreparatory method were recorded. A comparative analysis of cytologic characteristics was carried out with appropriate statistical tests. (3) Results: Of a total of 167 MTC samples retrospectively recruited, 148 (88.6%) were interpreted as MTC/suspicious for MTC (S-MTC). The staining methods used were Papanicolaou, hematoxylin-eosin, and Romanowsky stains. Seven out of the eleven cytologic criteria can be readily recognized by all three cytopreparatory methods: high cellularity, cellular pleomorphism, plasmacytoid cells, round cells, dyshesive cells, salt-and-pepper chromatin, and binucleation or multinucleation. An accurate diagnosis was achieved in 125 (84.5%) of the 148 samples whose FNAs exhibited five or more atypical features. Conclusions: The present work is the first study on MTC to compare the morphological differences among the cytologic staining techniques. We investigated the constitutive features and the reliability of diagnostic parameters. A feasible scoring system based upon cytomorphologic data alone is proposed to achieve a high degree of diagnostic accuracy.
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1. Introduction


Medullary thyroid carcinoma (MTC) is a rare neuroendocrine carcinoma, which constitutes less than 2–3% of all thyroid malignancies [1]. Fine-needle aspiration (FNA) with ultrasound imaging is the first-line modality for the diagnosis of MTC. However, on aspiration cytology, the diagnostic accuracy for MTC is less consistent than for the more frequent, follicular cell-derived thyroid tumors [2]. The diverse appearances of MTC pose diagnostic difficulties due to morphologic overlap with other thyroid tumors. In previous studies, the reported diagnostic accuracy of MTC on FNA ranged from 12.5% to 100.0% [3,4,5,6,7,8]. In their meta-analysis of 641 MTCs, Trimboli et al. reported an overall sensitivity of only 56.4% [5]. Our recent report depicted that the diagnostic rate was increased from 68.3% to 91.7%, after detailed review and exceptional attention to cytologic features diagnostic for MTC. Recognition of those cytomorphologic clues can help improve diagnosis sensitivity.



The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) was established to standardize reporting and cytologic criteria in aspiration smears [9]. If the cytopathologic features raise the possibility of MTC, the diagnosis of TBSRTC category V (suspicious for malignancy/suspicious for MTC) or category VI (malignant, MTC) is used [9]. Moreover, the combined use of immunocytochemical staining (ICC) and/or calcitonin measurement in FNA washout fluid has demonstrated great diagnostic benefits [4,10,11,12,13]. Our previous survey found that the ancillary tests are not routinely adopted in Asian thyroid cytology practice at the time of the survey [14]. Thus far, the utility of concurrent calcitonin measurement and ICC has been noted in Japan and Australia. The cytology practice in Japan, China, and Australia includes calcitonin measurement in FNA washout fluid. In Asian countries, FNA alone is likely to be used for the initial workup for MTC and can cause a diagnostic dilemma without prompt ancillary tests [14]. Our previous study also found that different countries used different preparation methods and stains for FNA samples [14].



Clinically, the management of patients with indeterminate FNA specimens is variable, and the extent of surgery is often dependent upon how the FNA report is phrased. The cytologic interpretation is likely to be dependent upon the observer’s experience and also affected by the intrinsic limitations of the technique. To the best of our knowledge, no study has compared the differences in the cytomorphology of MTC using conventional staining methods. Therefore, the present study aimed to identify the pitfalls and intrinsic limitations of each staining method. To further improve the diagnostic performance, we assessed all the cytologic features that might have been responsible for misinterpretation. This study also proposes a low threshold to either perform or suggest further testing in thyroid nodules suspicious for MTC on aspiration cytology.




2. Materials and Methods


2.1. Study Design and Sample Population


This study was performed within the network of the Asian Working Group in Thyroid Pathology [15]. Twenty-three cytopathologists from 13 institutions of 8 Asia-Pacific countries participated in this study. Local databases were searched retrospectively for histopathologically confirmed cases of MTC over a period ranging from 10 to 20 years. Cases with available preoperative FNA slides were enrolled. Either histological or cytopathological slides were confirmed and re-evaluated independently.



In our previous study [14], among 145 patients with histologically confirmed MTC, conventional smear samples were prepared in 123 cases, liquid-based samples were collected from 13 cases, and 9 cases had both preparations. We retrospectively observed that the overall diagnostic accuracy in detecting MTC was consistently high using Romanowsky stain, Papanicolaou stain, and/or hematoxylin and eosin (H&E) stain. Integration with ancillary tests achieved a cytologic diagnosis of MTC with excellent accuracy.



In the previous report, we noticed that the cellular heterogeneity of MTCs might explain the misinterpretation based solely on traditional cytologic methods. In the current study, we aimed to focus on different study objectives and analyzing strategies to assess the cytomorphologic features that contributed to diagnostic discrepancies. We enrolled MTC patients with available conventional smears. Details regarding staining methods (Papanicolaou, Romanowsky, and H&E), cytologic diagnoses, and cytomorphologic parameters were recorded. The cytologic materials consisted of one or two types of stains for each patient. As a result, a total of 168 cytopathology samples from 132 patients with MTC were obtained for this new study proposal (13 cases with liquid-based samples were excluded due to morphological disparity).




2.2. Cytopathologic Evaluation


All cytology preparations from histologically proven MTC cases were retrieved from the archives and reviewed. The smears were categorized as per TBSRTC into unsatisfactory, benign, atypia of undetermined significance or follicular lesion of undetermined significance (AUS/FLUS), follicular neoplasm, or suspicious for a follicular neoplasm (FN/SFN), suspicious for malignancy, and malignant [9]. The interpretation as “follicular neoplasm, Hürthle cell type” (FN-H) was merged into a diagnostic category, “FN/SFN.”



The diagnostic cytomorphologic criteria of MTC included moderate to marked cellularity, isolated cells alternate with syncytium-like clusters, polymorphous cell populations (plasmacytoid, polygonal, round, and/or spindle-shaped), mild to moderate nuclear pleomorphism, and features of neuroendocrine differentiation, such as round, oval, or eccentrically placed nuclei, with “salt-and-pepper” chromatin, binucleation, granular cytoplasm, and background amyloid [8,13]. The malignancy not otherwise specified (NOS) cytologic diagnosis indicated that an exact classification could not be determined cytologically. The suspicious cytology group included suspicious for MTC (MTC-S). Concordance between cytology and histology was considered only if cytologic features were suspicious or diagnostic for MTC. The cytologic samples were sorted into three groups based on the staining methods: Papanicolaou stain, Romanowsky stain, and H&E stain.




2.3. Comparison of Cytomorphologic Features


The cytomorphologic features of MTC in different diagnostic groups (accurately categorized and discordant), as well as staining methods (Papanicolaou stain, Romanowsky stain, and H&E stain), were analyzed. The key factors encompassed nuclear and cytoplasmic features of MTC, as well as background characteristics among the different groups.



The presence/absence of the following parameters was recorded in all the included cohorts: (1) cellular aspirate (i.e., encompassed moderate to marked cellularity); (2) cellular pleomorphism; (3) cell populations (plasmacytoid, round, polygonal, and spindle-shaped); (4) dyshesive cells; (5) “salt-and-pepper” chromatin; (6) nuclear molding; (7) binucleation or multinucleation; (8) granular cytoplasm; (9) clean background; (10) bloody background; (11) low cellularity; (12) air drying effect; (13) background material (amyloid, colloid, and calcification). Two additional cytologic features that may cause diagnostic confusion, (14) visible nucleoli and (15) nuclear pseudoinclusion, were also included.




2.4. Statistical Analyses


The distribution of cytologic features and background demographics among the different staining methods and diagnostic categories was compared using Fisher’s exact test. Post hoc pairwise comparisons between any two methods/categories were further made when the overall test was statistically significant. The number of atypical features between the accurately categorized or incorrectly categorized specimens was compared using the non-parametric Mann–Whitney U test. At last, the ability of cytomorphologic scores to discriminate accurately categorized or incorrectly categorized specimens was assessed using receiver operating characteristic (ROC) curve analysis. The confidence interval of the ROC curve was constructed using DeLong’s test. The optimal cutoff of cytomorphologic scores was determined by the Youden index. All tests were two-tailed, and p < 0.05 was considered statistically significant. The ROC analysis was conducted using MedCalc Statistical Software version 13.1.2.0 (MedCalc Software, Ostend, Belgium; https://www.medcalc.org; 2014). Other data analyses were performed using SPSS 25 (IBM SPSS Inc, Armonk, NY, USA).





3. Results


3.1. Overview of Cytodiagnosis and Morphological Features among Three Sample Groups (Papanicolaou Stain, Romanowsky Stain, and H&E Stain on Conventional Smears)


Of the 168 enrolled cytologic specimens, a cytologic diagnosis was made on 167 satisfactory samples based on the TBSRTC system. All aspiration materials, except for one, provided adequate cellularity for evaluation, and 145 (86.3%) cases were highly cellular. There was only one unsatisfactory sample in the H&E group, which was excluded from the subsequent statistical analysis.



Of the 167 satisfactory cytologic samples, cytologic diagnoses of MTC and MTC-S were rendered in 88.6% of cases (n = 148). These 148 samples were composed of 72 Papanicolaou stains, 39 Romanowsky stains, and 37 H&E stains. The remaining nineteen cases (11.4%) were categorized as malignancy NOS in 1.2% (n = 2); FN/SFN in thirteen cases (7.8%); and AUS/FLUS in four cases (2.4%). The morphologic characteristics, including staining methods and cytodiagnoses of the 19 discordant cases, are summarized in Table 1.




3.2. Cytologic Parameters of Accurately Categorized Groups


A comparison of the cytologic features rendered on the Papanicolaou-, Romanowsky-, and H&E-stained slides is presented in Table 2 and Table 3. For statistical analysis, the assessed parameters were classified as cytomorphologic (Table 2) and background features (Table 3). Most of the cytomorphologic parameters of MTC did not significantly differ among the three different staining groups (Table 2). Dyshesive cells were relatively less frequent in H&E-stained smears (p < 0.05). Nuclear molding was more frequent in Romanowsky- than in Papanicolaou-stained slides (p < 0.05). Comparing background characteristics, background blood and colloid were more frequently observed in Romanowsky and H&E groups, respectively (p < 0.05). Air drying was more common in H&E- than in Papanicolaou- and Romanowsky-stained slides (p < 0.05) (Table 3).




3.3. Cytologic Parameters of Discordant Diagnosis Group


A comparison of the cytologic features rendered on the Papanicolaou-, Romanowsky-, and H&E-stained slides is presented in Tables S1 and S2. Overall, the background factors and the cytomorphologic parameters did not significantly differ among the three staining groups. In addition, the results are still not statistically significant after excluding the one H&E-stained unsatisfactory smear (data not shown).



In addition, Tables S3 and S4 summarize the frequency of cytomorphologic features in each diagnostic category. Regarding the cytomorphologic characteristics, the results demonstrate that high cellularity and polygonal cells were more frequently present in the FN/SFN and malignancy NOS groups than in the AUS/FLUS group (p < 0.05) (Figure 1A–C). Pseudoinclusions were also more frequently present in the malignancy NOS group than in the other two groups (p < 0.05) (Figure 1D,E). Nuclear molding was also more common in the AUS/FLUS and malignancy NOS groups than in the FN/SFN group (p < 0.05) (Table S3). Concerning background characteristics, low cellularity and air drying were more common in the AUS/FLUS group than in the FN/SFN group (p < 0.05) (Table S4). Our study reveals that all three discordant categories showed cellular pleomorphism and round cells, but they did exhibit some morphological differences (Figure 1A–F).




3.4. Accurately Categorized Groups versus Discordant Diagnosis Groups


The morphologic features were compared between concordant cases and discordant cases. A comparison of the cytomorphologic parameters in all accurately categorized and discordant cases is presented in Table S5. Regarding the cytomorphologic characteristics, the results indicate that the round cells were more frequent in the incorrectly categorized specimens than the correctly categorized specimens (p < 0.05). However, the proportions of spindled cells, dyshesive cells, salt-and-pepper chromatin, and nuclear molding were significantly higher in the correctly categorized specimens than in the incorrectly categorized specimens (p < 0.05) (Table S5). Regarding the background characteristics, the results reveal that amyloid was more frequently present in the correctly categorized specimens than in the incorrectly categorized specimens (p < 0.05) (Table S6).




3.5. Minimal Cytologic Criteria for Diagnosing MTC


In our study, we summarized seven cytologic criteria that can be readily recognized by all three staining methods: high cellularity, cellular pleomorphism, plasmacytoid cells, round cells, dyshesive cells, salt-and-pepper chromatin, and binucleation or multinucleation. When the FNAs from the accurate and discordant cases were compared, an accurate diagnosis was achieved in 125 (84%) of the 148 samples whose FNAs exhibited 5 or more atypical features (Table 4). Nevertheless, 48% of discordant cases were found with three or four atypical features (p < 0.001). There was no difference in the scoring distribution among Papanicolaou, Romanowsky, and hematoxylin-eosin stains (p = 0.108) (data not shown).



These observations laid the ground for a possible discrimination system based on cytomorphologic scores. A scoring system was proposed and applied to minimize misinterpreting errors using only cytologic variables. The receiver operating characteristic (ROC) curve of the scoring system is shown in Figure 2. The performance of discrimination for the scoring system was satisfied, with an area under the ROC curve (AUC) of 75.4% (95% CI, 68.1–81.7%). The corresponding diagnostic properties, including sensitivity and specificity, are also presented (Table 5). The optimal cutoff according to the Youden index was equal to or larger than 6, with a sensitivity of 66.2% (95% CI: 58–73.8%) and a specificity of 68.4% (95% CI: 43.4–87.4%).





4. Discussion


According to the previous studies by the Asian Thyroid Working Group, the thyroid FNA practices in the Asia-Pacific region vary from those of Western countries in multiple aspects [16,17,18,19,20,21]. Regarding the preparation of cytology smears, the Papanicolaou stain is the most widely used staining method for thyroid FNA specimens [22]. Most Chinese pathologists favored the H&E stain. In India, Taiwan, and Thailand, a combination of two stains: Papanicolaou stain for alcohol-fixed smears and Romanowsky stain for air-dried smears, has been used [22].



The incidence of MTC has been reported in recent studies. Miranda-Filho et al. executed a global assessment and comparison of incidence trends for major thyroid cancer [23]. Among the four surveyed Asian countries, the age-standardized incidence rates of MTC were in the range of 0.05–0.49 cases per 100,000 women and 0.08–0.41 cases per 100,000 men. The incidence rates were slightly lower than in Western countries (0.13–0.82 cases per 100,000 women and 0.07–0.62 cases per 100,000 men) [23]. In large case series from Asian countries, MTC accounted for 0.5% (Korea), 1.2% (Japan), 1.3% (China), and 2.8% (Taiwan) of all thyroid malignancies [4,24,25,26]. Our previous report introduced how MTC is handled in contemporary Asian thyroid FNA practice [14]. We also summarized that a high diagnostic accuracy could be achieved using the Romanowsky stain, Papanicolaou stain, and/or H&E stain. In addition, the cytologic features of MTC in conventional cytology have been well described [7,8,27,28,29,30,31]. However, to our knowledge, this study is the first to evaluate all of the cytologic features among different staining methods and the usefulness in the diagnosis of MTC.



The characteristic cytologic features of MTC are sometimes misleading. For example, dispersed cell patterns and an oxyphilic cytoplasm yielded the impression of follicular or oxyphilic neoplasm [32,33]. Recognition of the constitutive cytomorphologic features is needed for each cytopreparatory method, which may result in a lower threshold to initiate further workup for MTC.



4.1. Constitutive Cytomorphologic Features in Different Cytopreparatory Methods


According to Table 2, our study reveals that 7 out of the 11 cytologic parameters could be readily recognized by all three cytopreparatory methods (>50% frequency): high cellularity, cellular pleomorphism, plasmacytoid cells, round cells, dyshesive cells, salt-and-pepper chromatin, and binucleation or multinucleation. Nuclear molding was more apparent in the Romanowsky group. Dyshesive cells were seen at a remarkably high frequency on Papanicolaou and H&E smears. There was no significant difference found regarding polygonal cells, spindled cells, and granular cytoplasm.



Among the discordant cases, only two characteristic features (high cellularity and round cells) were consistently revealed in the three cytopreparatory methods (>50% frequency). Although the differences were not statistically significant, polygonal cells were relatively easily found on the Romanowsky stain. Visible nucleoli, intranuclear pseudoinclusions, and salt-and-pepper chromatin were comparably interpretable on the Papanicolaou stain and Romanowsky stain.



There are several histologic variants of MTC including tubular (follicular), papillary, small cell, giant cell, clear cell, melanotic (pigmented), oncocytic (oxyphilic), squamous, amphicrine (composite calcitonin- and mucin-producing), and paraganglioma-like variants [1,2,3]. Therefore, difficulties exist in the differential diagnosis between MTC and follicular/oncocytic neoplasm, anaplastic carcinoma, papillary carcinomas, metastatic tumors, and even benign hyperplastic nodules [4,7,9,34,35]. In our study, most of the discordant aspirates were interpreted as FN/SFN and AUS/FLUS. These cases also presented with increased round cell populations, polygonal cells, and binucleated cells, together with an unobtrusive cytoplasm. In addition, the presence of visible nucleoli and nuclear pseudoinclusions also led to a misdiagnosis of follicular/Hurthle neoplasm or PTC (Figure 1). Cytoplasmic features are valuable in the diagnosis of MTC. On the Romanowsky- or Papanicolaou-stained slides, loose granularity of the cytoplasm was observed in MTC cells as opposed to the dense, firmly granular cytoplasm seen in oncocytic follicular neoplasm [33,36]. Azurophilic cytoplasmic granules (neurosecretory granules) seen on the Romanowsky stain also facilitate MTC diagnosis [33]. Therefore, a pattern-based and algorithmic approach to cytomorphologic features is mandatory for each cytopreparatory method. In the following section, we further analyze the association between the diagnostic performance and these significant atypical features.




4.2. Cytomorphologic Clues to Diagnose MTC on FNA


Papaparaskeva et al. reviewed the aspirates from 128 patients of MTC. The important cytologic criteria included a dispersed cell pattern of polygonal or triangular cells, azurophilic cytoplasmic granules, extremely eccentrically placed nuclei with coarsely granular chromatin, and the presence of amyloid, although none of the above can be used as a pathognomonic feature [8]. On the other hand, Dyhdalo et al. reported that expression of only one or none of the “classic” morphologic features of MTC (plasmacytoid or spindled cells, dyshesion, multinucleation, and salt-and-pepper chromatin) led to discrepancies in cytologic diagnosis [37]. This highlights a critical discrepancy in cytologic interpretation that can dramatically alter the performance of FNA. Therefore, we further focused on the discordant cases if all of the morphologic criteria were not demonstrated in different stains.



According to current practice, most discordant cases are frequently included in the category of indeterminate proliferations (FN/SFN and AUS/FLUS) due to either the lack of or the presence of subtle nuclear features of MTC, which do not allow for a definitive cytologic diagnosis of malignancy [9]. The cellular heterogeneity of MTCs may explain the misinterpretation based solely on traditional cytologic methods. Interobserver variability in the interpretation of the indeterminate cytologic categories is another likely contributing factor [38,39]. The interpretive discrepancies also reflect a need for concise diagnostic criteria with good observer agreement.



Thus, we believe it necessary to consider a more objective evaluation using a unified scoring system. As previously mentioned, we summarized seven cytologic parameters for diagnosing MTC: high cellularity, cellular pleomorphism, plasmacytoid cells, round cells, dyshesive cells, salt-and-pepper chromatin, and binucleation or multinucleation, easily recognized regardless of the cytopreparatory method. To the best of our knowledge, the scoring system we have described herein is the first model that can differentiate MTC from misinterpreted results using only cytologic variables. A total score of 6 or 7 warrants a diagnosis of MTC/MTC-S based on the TBSRTC system. This proposed scoring system is applicable to minimizing misinterpreting errors and further improving the diagnostic accuracy of FNA.



Our study has a few limitations. Being a retrospective study, it is likely to have an inherent bias, potentially affecting the quality of data acquisition. Secondly, since it is a multi-institutional study, despite the application of consistent diagnostic criteria (i.e., TBSRTC), interobserver variation cannot be removed. Additionally, because of the retrospective design, only MTC patients were included in the study cohort. An external validation cohort including various diagnostic settings is required to evaluate the feasibility of our scoring system. In the current study, the statistical analysis was based on the performance of FNA among MTC patients. The sensitivity or specificity for general populations cannot be revealed due to the limitation of the study cohort.





5. Conclusions


Our study evaluated the constitutive cytomorphologic features of MTC using different staining methods and combined these diagnostic parameters into a scoring system. In our approach, the presence of six or more atypical features achieves a desirable accuracy. Our easy-to-use scoring system could be helpful to identify patients at high risk for MTC preoperatively. These notable cytomorphologic clues should facilitate conclusive ancillary testing and clinical management.
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Figure 1. Cytomorphologic features of MTCs in the discordant group. (A) Round cells formed loosely cohesive clusters, making a diagnosis of FLUS or SFN (Romanowsky, ×400). (B,C) Polygonal tumor cells with abundant cytoplasm or cytoplasmic granules ((C); arrowhead), making a diagnosis of Hurthle cell neoplasm or FLUS ((B) Papanicolaou, ×400; (C) Liu, ×400). (D,E) Intranuclear cytoplasmic pseudoinclusion (center) mimicking papillary thyroid carcinoma ((D) Papanicolaou, ×400; (E): Liu, ×400). (F) A few plasmacytoid cells with preserved background colloid prompted an indeterminate diagnosis of AUS/FLUS (Papanicolaou, ×200). 
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Figure 2. The receiver operating characteristic (ROC) curve of the cytomorphologic scoring. The performance of discrimination was satisfied, with an area under the ROC curve (AUC) of 75.4% (95% CI, 68.1–81.7%). 
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Table 1. Cytopathological characteristics of all the cytologic specimens with incorrect diagnoses (excluding unsatisfactory specimen).






Table 1. Cytopathological characteristics of all the cytologic specimens with incorrect diagnoses (excluding unsatisfactory specimen).





	No.
	Staining Method
	Cytologic Diagnosis
	High Cellularity
	Cellular Pleomorphism
	Plasmacytoid Cells
	Round Cells
	Polygonal Cells
	Spindled Cells
	Dyshesive Cells
	Salt-and-Pepper Chromatin
	Pseudoinclusion
	Visible Nucleoli
	Nuclear Molding
	Granular Cytoplasm
	Binucleation or Multinucleation





	1
	Pap
	Malignancy, NOS
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	No
	Yes
	No
	No
	Yes
	Yes



	2
	Pap
	Malignancy, NOS
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	3
	Pap
	AUS/FLUS
	No
	Yes
	Yes
	Yes
	No
	No
	No
	Yes
	No
	No
	No
	Yes
	Yes



	4
	H&E
	FN/SFN
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	No
	No
	No



	5
	Pap
	FN/SFN
	Yes
	No
	No
	Yes
	Yes
	No
	No
	Yes
	No
	No
	No
	No
	No



	6
	Rom
	FN/SFN
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	Yes
	Yes



	7
	Pap
	FN/SFN
	Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	No
	Yes
	No
	Yes
	No



	8
	Rom
	FN/SFN
	Yes
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	Yes
	Yes



	9
	Pap
	FN/SFN
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No
	Yes
	No
	Yes
	Yes



	10
	Rom
	FN/SFN
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	No
	Yes



	11
	Pap
	FN/SFN
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No
	Yes



	12
	Rom
	FN/SFN
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	No
	Yes



	13
	Pap
	FN/SFN
	Yes
	Yes
	No
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No
	Yes



	14
	Rom
	FN/SFN
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	Yes



	15
	Pap
	FN/SFN
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	Yes



	16
	Rom
	FN/SFN
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	Yes
	Yes



	17
	Pap
	AUS/FLUS
	No
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	No
	Yes
	No
	No



	18
	Rom
	AUS/FLUS
	No
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	No
	Yes
	No
	No



	19
	Pap
	AUS/FLUS
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	No
	Yes
	No







Pap: Papanicolaou stain; H&E: hematoxylin and eosin; Rom: Romanowsky staining; NOS: not otherwise specified; AUS/FLUS: atypia of undetermined significance or follicular lesion of undetermined significance; FN: follicular neoplasm; SFN: suspicious for a follicular neoplasm.
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Table 2. Cytomorphologic characteristics by different staining methods (accurately categorized specimens, total n = 148).
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	Parameter
	Papanicolaou Stain (n = 72)
	Romanowsky Stain (n = 39)
	H&E Stain (n = 37)
	p-Value #





	High cellularity
	62 (86%)
	35 (90%)
	31 (84%)
	0.740



	Cellular pleomorphism
	64 (89%)
	33 (85%)
	32 (86%)
	0.812



	Plasmacytoid cells
	53 (74%)
	28 (72%)
	25 (68%)
	0.770



	Round cells
	58 (81%)
	24 (62%)
	25 (68%)
	0.074



	Polygonal cells
	43 (60%)
	21 (54%)
	18 (49%)
	0.522



	Spindled cells
	33 (46%)
	17 (44%)
	20 (54%)
	0.624



	Dyshesive cells
	70 (97%)
	39 (100%)
	31 (84%) a,b
	0.006



	Salt-and-pepper chromatin
	67 (93%)
	38 (97%)
	36 (97%)
	0.684



	Pseudoinclusion
	18 (25%)
	11 (28%)
	17 (46%)
	0.085



	Visible nucleoli
	6 (8%)
	3 (8%)
	0 (0%)
	0.210



	Nuclear molding
	32 (44%)
	27 (69%) a
	22 (59%)
	0.036



	Granular cytoplasm
	20 (28%)
	12 (31%)
	13 (35%)
	0.736



	Binucleation/multinucleation
	50 (69%)
	30 (77%)
	20 (54%)
	0.098







# Fisher’s exact test; a: p < 0.05 versus Papanicolaou; b: p < 0.05 versus Romanowsky.
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Table 3. Background characteristics by different staining methods (accurately categorized specimens, total n = 148).
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	Parameter
	Papanicolaou Stain (n = 72)
	Romanowsky Stain (n = 39)
	H&E Stain (n = 37)
	p-Value #





	Clean
	51 (71%)
	23 (59%)
	29 (78%)
	0.185



	Bloody
	22 (31%)
	27 (69%) a
	9 (24%) b
	<0.001



	Low cellularity
	10 (14%)
	4 (10%)
	6 (16%)
	0.740



	Air drying
	27 (38%)
	11 (28%)
	1 (3%) a,b
	<0.001



	Amyloid
	33 (46%)
	22 (56%)
	16 (43%)
	0.446



	Colloid
	12 (17%)
	5 (13%)
	17 (46%) a,b
	0.001



	Calcification
	3 (4%)
	2 (5%)
	2 (5%)
	1.000







# Fisher’s exact test; a: p < 0.05 versus Papanicolaou; b: p < 0.05 versus Romanowsky.
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Table 4. The comparison of the presence of significant cytologic features between accurately and incorrectly diagnosed cases of MTC.
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Cytological Features Seen in Smears

	
Accurately Categorized

(n = 148)

	
Incorrectly Categorized

(n = 19)

	
p-Value #






	
All 7 features present

	
50 (34%)

	
0 (0%)

	
<0.001




	
Any 6 of the 7 features present

	
48 (32%)

	
6 (32%)




	
Any 5 of the 7 features present

	
27 (18%)

	
4 (21%)




	
Any 4 of the 7 features present

	
8 (5%)

	
3 (16%)




	
Any 3 of the 7 features present

	
15 (10%)

	
6 (32%)




	
Any 2 of the 7 features present

	
0 (0%)

	
0 (0%)




	
Any 1 of the 7 features present

	
0 (0%)

	
0 (0%)




	
None of the 7 features present

	
0 (0%)

	
0 (0%)








# Mann–Whitney U test.
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Table 5. Diagnostic property of significant cytologic features in FNA for discriminating accurately categorized or incorrectly categorized specimens.
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	Cytologic Features in FNA
	Sensitivity, % (95% CI)
	Specificity, % (95% CI)





	≥4
	89.9 (83.8–94.2)
	31.6 (12.6–56.6)



	≥5
	84.5 (77.6–89.9)
	47.4 (24.4–71.1)



	≥6 *
	66.2 (58.0–73.8)
	68.4 (43.4–87.4)



	≥7
	33.8 (26.2–42.0)
	100.0 (82.4–100.0)







FNA: fine-needle aspiration; CI: confidence interval; * the optimal cutoff by the Youden index.
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