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Abstract

Background: The accurate preoperative identification of medullary thyroid carcinoma

(MTC) is challenging due to the rarity of tumor and variable cytologic appearance.

The Asian experience with diagnosing MTC by fine-needle aspiration (FNA) was

scarcely reported.

Methods: Cases of MTC with available FNA slides were enrolled from 13 hospitals

representing 8 Asia-Pacific countries. Clinicopathological information, including sam-

ple preparation technique, staining method, original cytologic diagnosis and review

diagnosis were collected.

Results: Of a total of 145 MTC cases retrospectively recruited, 99 (68.3%) were ini-

tially interpreted as MTC/suspicious for MTC (S-MTC). The distribution of original

FNA diagnostic categories was not associated with the staining method or sample
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preparation technique. The staining methods used were Papanicolaou, hematoxylin-

eosin and Romanowsky stains. Liquid-based cytology (LBC) was used only in three

countries. After reviewing all cases, the diagnostic rate of MTC/S-MTC increased to

91.7% (133/145). Cases with initially unrecognized MTC had either marked pleomor-

phism or cytology mimicking papillary carcinoma or follicular neoplasm. Although LBC

provided certain benefits, there was no significant difference in diagnostic accuracy

between conventional smear and LBC. Immunocytochemistry was available in

38 cases (26.2%), all of which were correctly recognized as MTC.

Conclusion: Our report summarizes how MTC is handled in contemporary Asian thy-

roid FNA practice. Although the detection rate of MTC by cytology alone is less satis-

factory, integration with ancillary tests could achieve an excellent performance. The

recognition of constitutive cytomorphologic features is needed for each cyto-

preparatory method, which may result in a lower threshold to initiate further workup

for MTC.
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1 | INTRODUCTION

Medullary thyroid carcinoma (MTC) is a rare neuroendocrine carci-

noma, which originates from the C (parafollicular) cells of the

thyroid1-3and constitutes less than 2%-3% of all thyroid malignan-

cies.1 MTC may be sporadic or familial, either as a part of multiple

endocrine neoplasia (MEN) syndrome or non-MEN familial MTC. Spo-

radic forms of MTC account for approximately 70% of cases, while

about 30% are hereditary.1 In the latter case MTC develops as a part

of an autosomal dominant inherited disorder, MEN type 2A and MEN

type 2B. Most patients present with a painless, palpable thyroid nod-

ule during physical examination, often accompanied by cervical nodal

metastases. The diagnostic and therapeutic modalities are different

between MTC and papillary thyroid carcinoma (PTC), the most com-

mon type of thyroid cancer. Serum level of calcitonin is a sensitive

tumor biomarker that facilitates the detection of MTC.

Carcinoembryonic antigen (CEA) is another important marker for the

follow up of MTC patients.1,4-6

Fine-needle aspiration cytology (FNAC) is a useful and safe proce-

dure for the preoperative diagnosis of thyroid nodules. However, its

diagnostic accuracy for MTC is less consistent than for follicular cell-

derived thyroid carcinoma.7 FNA diagnosis of MTC can be challenging

given its diverse appearances and cytologic overlap with other thyroid

tumors. The Bethesda System for Reporting Thyroid Cytopathology

(TBSRTC) was established to standardize reporting and cytologic

criteria in aspiration smears. If the cytopathologic features raise the

possibility of MTC, the diagnosis of TBSRTC category V (suspicious

for MTC) or category VI (malignant, MTC) is used.8 The reported diag-

nostic accuracy of MTC on FNAC ranged from 12.5% to 100.0%, and

such a huge variation was related to multitude of factors, from num-

ber of patients and study design to individual diagnostic skills of

cytopathologists.7,9-13 The overall sensitivity of FNAC was only 56.4%

by Trimboli et al7 in their meta-analysis of 641 MTCs. Elevated serum

calcitonin might help to identify thyroid nodules that have benign fea-

tures on ultrasound and yet harbor MTC.4,14 In a retrospective analy-

sis of 140 MTC patients, the sensitivities of FNAC and serum

calcitonin for the diagnosis of MTC were 51.3% and 98.7%, respec-

tively.9 In their large-scale international study, Essig et al11 enrolled

245 patients with surgically confirmed sporadic MTC, and retrospec-

tively found that the cytologic findings suggested MTC or possible

MTC only in 45.7%. The sensitivity of FNAC among the participating

countries varied widely (0%-100%).11 Possible barriers to the recogni-

tion of MTC are due to sampling error and limited typical morphologic

features.15 The interpretation is likely to be dependent upon

observer's experience, and also the intrinsic limitations of the

technique.

Owing to the low incidence of MTC, accurate diagnosis by FNAC

is challenging and requires a high index of suspicion. The recognition

of the cytopathologic spectrum is of key importance, with a low

threshold to either perform or suggest further testing.15 The Asian

experience with diagnosing MTC by FNAC is scarcely reported.10,16,17

Accordingly, we initiated this study within the network of the Asian

Working Group in Thyroid Pathology, and the group members were

requested to share their institutional experience with FNAC in MTC.

We attempted to elucidate how these rare but aggressive thyroid car-

cinomas are handled in Asian thyroid cytology practice. This study

also addressed the differences in the preoperative diagnosis of MTC

among eight Asia-Pacific countries.
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2 | MATERIALS AND METHODS

2.1 | Study design and sample population

A total of 23 cytopathologists from 13 institutions representing eight

Asia-Pacific countries participated in this study. Data collection were

approved by the institutional review boards or equivalents of the par-

ticipating centers.

Local databases were searched retrospectively for all consecutive

thyroid FNAC cases over a period ranging from 10 to 20 years

(to approximate the number of cases from each institution). Histo-

pathologically confirmed cases of MTC with available preoperative

FNAC slides were enrolled from all 13 institutions.

The data collection included sample preparation technique (con-

ventional smear or liquid-based cytology [LBC]), staining method

(hematoxylin and eosin [H&E], Romanowsky or Papanicolaou

staining), original cytologic diagnosis, and review cytologic diagnosis

following the Bethesda system.8 The clinical data regarding serum cal-

citonin and CEA levels were extracted from the medical records when

available.

2.2 | Cytopathologic evaluation

All cytologic samples from the histologically proven MTC were

retrieved from the archives, reviewed, and cytologic features diagnos-

tic for MTC were extracted. Cytologic diagnoses upon review were

recorded. Both the original and the review cytology results were cor-

related with final histopathological diagnoses.

According to the 2017 TBSRTC, a thyroid FNAC sample is consid-

ered adequate for evaluation if it contains a minimum of 6 groups of

well-visualized follicular cells with at least 10 cells per group.8 On the

other hand, previous studies have suggested that if one rigorously

excludes atypical cells, one can lower the number of cells needed for

an adequate aspirate without significantly lowering the sensitivity.18

Therefore, in this study, the adequacy of specimen cellularity was des-

ignated as optimal (more than 60 cells), suboptimal (20-60 cells), and

unsatisfactory specimens (less than 20 cells).

All of the cytologic diagnoses were categorized as unsatisfactory,

benign, atypia of undetermined significance or follicular lesion of

undetermined significance (AUS/FLUS), follicular neoplasm or suspi-

cious for a follicular neoplasm (FN/SFN), suspicious for malignancy,

and malignant based on the criteria of the 2017 TBSRTC.8 The diag-

nostic criteria of MTC were summarized as follows: moderate to mar-

ked 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

malignant cytologic diagnoses included MTC, PTC, and positive for

malignancy or malignancy, not otherwise specified. The suspicious

cytology groups included suspicious for MTC (MTC-S) and suspicious

for PTC (PTC-S). The cytologic diagnosis was considered concordant

with final histological diagnosis only when the interpretation was

MTC or MTC-S. The morphologic features were compared between

concordant cases and discordant cases.

The cytologic samples were sorted into five groups based on the

staining methods and preparations. The five groups included

Papanicolaou stain only (Group 1), H&E stain only (Group 2),

Romanowsky stain only (Group 3), combination of conventional

stains (Group 4), and LBC (Group 5). In addition to the difference in

cytologic diagnosis, the specimen quality of conventional smear and

LBC groups was also compared. The specimen quality was evaluated

based on the background characteristics potentially affecting the

diagnosis, including clean or bloody smear, low cellularity, and air-

drying artifact.

2.3 | Ancillary study of FNAC material

Data about ancillary tests performed on cytologic material, including

cell block preparation, immunocytochemistry (ICC), and calcitonin

measurement in FNA washout fluid was also obtained from the

participants.

2.4 | Statistical methods

Distribution of categorical data was compared using Fisher-Freeman-

Halton Exact Test for contingency tables that are larger than 2 × 2

cross-table. All tests were two-tailed and P < .05 was considered sta-

tistically significant. Data analyses were conducted using SPSS

25 (IBM SPSS Inc, Chicago, IL).

3 | RESULTS

3.1 | Overview of 145 MTC cases

The FNAC specimens that comprised the study group were obtained

from 145 patients, including 86 women and 59 men. The age of the

patients varied from 18 to 85 years (mean 50.9 ± 15.7). The serum

calcitonin and CEA were retrieved from medical records. Among the

94 patients tested (65%), elevated calcitonin levels were recorded in

88 cases, ranged from 22.7 to 20600 pg/mL (1442.4 ± 2958.2). Ele-

vated CEA levels were recorded in 59 of 79 cases, ranged from 5.1 to

1040 ng/mL (68.7 ± 147.9). The mean size of resected MTCs was 2.3

± 1.6 cm (range 0.4-7.0 cm).

3.2 | Characteristics of FNAC specimens

Conventional smear samples were prepared in 123 of 145 cases

(84.8%), LBC samples in 13 cases, and a combination of both in

9 cases.
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The specimen adequacy for cellularity of FNAC slides was optimal

(more than 60 cells) in 133 cases (91.7%) and suboptimal (20-60 cells)

in 12 cases (8.3%). Unsatisfactory specimens (less than 20 cells) were

not obtained on FNAC in our cohort.

The factors which may impair accurate interpretation, including

bloody background, low cellularity and air-drying effect, were com-

pared among the different cytopreparatory techniques (Table 1). Com-

pared to LBC, the conventional smears more frequently showed

bloody background and air-drying artifact (both P < .001). Among dif-

ferent staining methods on conventional smears, the Romanowsky

stain showed the highest frequency of bloody background (67.4%)

and the frequency of air-drying artifact was the lowest in H&E stain.

The LBC group had no bloody background and air-drying effect in all

samples. There was no difference in specimen adequacy of cellularity

between conventional smear and LBC methods.

3.3 | Diagnostic performance by preparation type
and staining method

Papanicolaou stain on wet-fixed specimens was commonly used in

10 hospitals from 6 countries. Romanowsky stain on air-dried slides

was used in four countries (Taiwan, India, Singapore, and Australia).

H&E stain on wet-fixed slides was used in two countries (China and

Korea). LBC preparation with Papanicolaou stain for thyroid FNA was

used only in three countries (Taiwan, Japan, and Korea) (Table 2).

3.3.1 | Original cytologic interpretation

The results of original FNA interpretation are shown in Table 3. The

original cytologic diagnoses of MTC and MTC-S were rendered in

68.3% cases (n = 99); malignancy, PTC and PTC-S were diagnosed in

9.7% (n = 14). Seven cases (4.8%) were signed out as FN/SFN.

Twenty-one nodules (14.5%) were AUS/FLUS; the remaining 4 cases

were classified as thyroiditis or negative for malignancy (2.8%).

Furthermore Table 3 summarizes the distribution of diagnoses

according to the different preparation type and staining methods.

There were no differences in original cytologic results between con-

ventional smear and LBC methods. Different staining methods also

had no effect on the cytologic diagnoses.

3.3.2 | Cytologic interpretation on review

All participants re-examined their cases with a special attention to

cytologic features diagnostic for MTC (Figure 1). After reviewing all

cases, the final cytologic diagnosis of MTC/MTC-S was increased

from 68.3% (99/145, original diagnosis) to 91.7% (133/145) (Table 3).

Of remaining 12 cases, 2 were classified as malignant but could not be

subtyped further (1.4%), 7 (4.8%) were assigned to FN/SFN category,

and three (2.1%) were assigned to AUS/FLUS category. In the latter

three cases the degree of atypia was insufficient for a definite diagnosis,

owing to low cellularity or lack of plasmacytoid or dyshesive pattern.

TABLE 1 Background characteristics by preparation type and staining method

Conventional smear
LBC with Papanicolaou

Parameter Papanicolaou (n = 84) Romanowsky (n = 46) H&E (n = 41) (n = 22) P*

Clean 60 (71.4%) 29 (63.0%) 29 (70.7%) 20 (90.9%) .112

Bloody 29 (34.5%) 31 (67.4%)a 13 (31.7%)b 0 (0%)abc <.001

Low cellularity 15 (17.9%) 4 (8.7%) 7 (17.1%) 4 (18.2%) .521

Air drying 29 (34.5%) 11 (23.9%) 3 (7.3%)ab 0 (0%)ab <.001

Abbreviations: H&E, hematoxylin and eosin; LBC, liquid-based cytology.

Note: a, b and c indicate reached significant difference vs the Papanicolaou, the Romanowsky and the H&E groups, respectively.

*Fisher's exact test.

TABLE 2 Comparison of
cytopreparatory methods and diagnostic
concordance rate among eight Asia-
Pacific countries

Country Cases

Preparation method/stain Concordant diagnosis

Papanicolaou Romanowsky H&E LBC n %

China 34 N N Y N 33/34 97.1%

Japan 25 Y N N Y 23/25 92.0%

Korea 20 Y N Y Y 19/20 95.0%

Taiwan 18 Y Y N Y 18/18 100.0%

India 16 Y Y N N 15/16 93.8%

Singapore 13 Y Y N N 7/13 53.8%

Thailand 10 Y N N N 9/10 90.0%

Australia 9 N Y N N 9/9 100.0%

Total 145 6 4 2 3 133/145 91.7%

Abbreviations: H&E, hematoxylin and eosin; LBC, liquid-based cytology; Y, yes; N, no.
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The misleading cytologic features in original interpretation were

cohesive tumor cell clusters with marked nuclear pleomorphism,

round or polygonal cells with grayish blue cytoplasm, lack of plas-

macytoid morphology, cohesive cellular groups mimicking follicular

neoplasm, and frequent intranuclear cytoplasmic pseudoinclusions

mimicking PTC (Figure 2).

When we analyzed the changes of review cytology diagnosis

according to the different specimen preparation and staining methods,

a group using conventional smear and combination of different

staining methods had a significantly lower rate of MTC/S-MTC cate-

gory and a higher rate of FN/SFN category compared to other groups

using only one staining method (Table 3). We could find the same

diagnostic differences in review cytology diagnosis according to the

preparation type and staining method when three categories of dis-

cordant diagnosis (FN/SFN, AUS/FLUS, and other/benign) were mer-

ged into a single group (Table 4).

3.4 | Ancillary study of FNAC material

3.4.1 | Application of cell block preparation

Cell blocks were prepared in 25 cases (17.2%). Cell block preparation

in combination with ICC was performed in 21 cases (14.5%). A cyto-

logic diagnosis of MTC was achieved in most cases with cell block

preparation (23/25, 92.0%). The remaining two cases were diagnosed

as follicular neoplasm without any ancillary ICC.

3.4.2 | Immunocytochemistry

ICC was performed in 38 cases (26.2%). Particularly, immuno-

staining with anti-calcitonin antibody was used in majority of cases

(36/38, 94.7%). Combination with markers of neuroendocrine dif-

ferentiation (synaptophysin and/or chromogranin A) and CEA was

used in 14 and 9 cases, respectively. The other immunomarkers

included TTF-1, thyroglobulin, PAX8, and pancytokeratin. Both con-

ventional type and LBC specimens were employed for ICC (24 and

14, respectively). A cytologic diagnosis of MTC was achieved in all

the 38 cases where immunostaining complemented the workup

of FNAC.

3.4.3 | Application of calcitonin measurement in
washout fluid

Calcitonin measurement in FNA washouts was performed in 13.1%

(19/145) cases. The calcitonin levels ranged from 140 to

1570000 pg/mL. With this aid, a cytologic diagnosis of MTC was

achieved in all the 19 cases.

4 | DISCUSSION

FNA with ultrasound imaging is the first line modality for the diagno-

sis of MTC. This multinational survey addresses comprehensively the

TABLE 3 Diagnostic distribution by preparation type and staining method

Conventional

Smear (Pap)/
Group 1 (n = 39)

Conventional

Smear (H&E)/
Group 2 (n = 34)

Conventional Smear

(Romanowsky)/
Group 3 (n = 13)

Conventional Smear

(Combination)/
Group 4 (n = 37)

LBC ± Conventional

Smear/Group 5
(n = 22) P*

Original diagnosis .160

MTC/S-MTC 26 (66.7) 23 (67.6) 11 (84.6) 23 (62.2) 16 (72.7)

PTC/S-PTC 3 (7.7) 6 (17.6) 0 (0.0) 1 (2.7) 0 (0.0)

Malignancy 1 (2.6) 1 (2.9) 0 (0.0) 0 (0.0) 2 (9.1)

FN/SFN 1 (2.6) 1 (2.9) 1 (7.7) 4 (10.8) 0 (0.0)

AUS/FLUS 6 (15.4) 3 (8.8) 0 (0.0) 8 (21.6) 4 (18.2)

Other/benign 2 (5.1) 0 (0.0) 1 (7.7) 1 (2.7) 0 (0.0)

Review diagnosis .023

MTC/S-MTC 38 (97.4) 33 (97.1) 13 (100.0) 28 (75.7)abc 21 (95.5)

PTC/S-PTC 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Malignancy 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.7) 1 (4.5)

FN/SFN 0 (0.0) 1 (2.9) 0 (0.0) 6 (16.2)a 0 (0.0)d

AUS/FLUS 1 (2.6) 0 (0.0) 0 (0.0) 2 (5.4) 0 (0.0)

Other/benign 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Note: a, b, c and d indicate reached significant difference vs the Pap, the H&E, the Romanowsky, and the Combination groups, respectively.

Abbreviations: MTC, medullary thyroid carcinoma; S-MTC, suspicious for medullary thyroid carcinoma; PTC, papillary thyroid carcinoma; S-PTC, suspicious

for papillary thyroid carcinoma; FN, follicular neoplasm; SFN, suspicious for a follicular neoplasm; AUS, atypia of undetermined significance; FLUS, follicular

lesion of undetermined significance; Pap, Papanicolaou; H&E, hematoxylin and eosin; LBC, liquid-based cytology.

*Fisher's exact test.
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cytologic diagnosis of MTC in the Asian population. Asian continent

is one of the main contributors to the worldwide prevalence of thy-

roid cancer.19 As reported previously, there are significant differ-

ences between Asian and Western thyroid practice.20-23 To our

knowledge, this is the largest original multi-institutional study on

MTC to date, which compared performance of different cyto-

preparatory techniques.

The many “cytologic faces” of MTC can be misleading to the

cytopathologists. PTC, the most common type of thyroid cancer,19 if

frequently misinterpreted in the context of differential diagnosis with

MTC, which may have important consequences due to different man-

agement strategies.24 Review of the existing literature showed that

unfamiliarity with the wide array of cytopathologic features and insuf-

ficient specimen adequacy were the main reasons for incorrect recog-

nition of MTC malignancy.7,12,13,25 The cytologic materials can be

processed and stained with various preparations, including widely

used Papanicolaou and Romanowsky-type stains, also H&E stain and

LBC techniques. The differences in cytomorphology pertained to vari-

ous techniques have great impact on the distinguishing features of

MTC (Figure 1).

4.1 | Cytologic diagnosis of MTC in eight
Asia-Pacific countries

According to the recent report of the Asian Working Group in Thyroid

Pathology, the most widely used staining method for thyroid FNA

specimens today is Papanicolaou stain.26 H&E stain was favored by

most Chinese pathologists. In India, Taiwan and Thailand, thyroid FNA

samples are stained with a combination of two classical stains:

alcohol-fixed smears with Papanicolaou stain and air-dried smears

with Romanowsky stain.26

In this international survey, the most used preparation and

staining method was conventional wet-fixed Papanicolaou staining

(10 institutions from 6 countries). In Asian countries, LBC was intro-

duced into non-gynecologic FNAC in the past decade.26 Our survey

showed that LBC preparation was used at six institutions from three

countries. Ancillary techniques with cytologic material were selec-

tively applied in 10 institutions. After a detailed review of the cyto-

logic diagnoses, it is noteworthy that the overall diagnostic accuracy

of FNA was high in 12 institutions and 7 countries. The suboptimal

diagnostic performance was noted in one participating group with

F IGURE 1 Medullary thyroid carcinoma: comparison of different cytopreparatory methods. A, Polygonal tumor cell demonstrate abundant
cytoplasm and azurophilic cytoplasmic granules (arrowheads) with a Romanowsky-type stain (Liu, ×400). B, Presence of amyloid studded with
plasmacytoid tumor cells possessing eosinophilic and granular cytoplasm (H&E, ×400). C, Dispersed plasmacytoid or polygonal cells have “salt and
pepper” chromatin and small or indistinct nucleoli (Papanicolaou, ×400). D, Typical dyshesive population of tumor cells with a variety of shapes
and long tapering cytoplasmic processes (LBC with Papanicolaou, ×400)

6 LIU ET AL.



combined conventional stains, which was affected by the lack of ade-

quate ancillary information (Table 2).

To assess the cytomorphologic features that contributed to diag-

nostic discrepancies, we retrospectively re-examined the discordant

cases. The cellular heterogeneity of MTCs may explain the misinter-

pretation based solely on traditional cytologic methods. Morphologi-

cally, the discordant cases were frequently interpreted as follicular

neoplasm (6/13, 46.2%). In fact, some MTCs are composed of round

or polyhedral cells with finely granular cytoplasm, easily mistaken for

the diagnosis of follicular neoplasm.25,27-29 In such circumstances, the

misinterpretation could impede the subsequent diagnostic workup.

The combined use of ICC and/or calcitonin measurement in FNA

washout fluid has demonstrated great diagnostic benefit.4,10,16,30,31

When morphological data are suggestive/suspicious of MTC, the use

of ICC for calcitonin, CEA and/or chromogranin A allows a definite

diagnosis.32 In cases with limited cytologic features, ICC with a panel

F IGURE 2 Examples of histologically confirmed medullary thyroid carcinoma demonstrating misleading cytologic features in different
cytopreparatory methods. A, Cohesive tumor cell group with marked nuclear pleomorphism, prompted a diagnosis of poorly differentiated
carcinoma (Papanicolaou, ×400). B, Round or polygonal cells with grayish blue cytoplasm and lack of plasmacytoid morphology, making a
diagnosis of follicular lesion (Liu, ×400). C, Cohesive cellular groups with questionable features of follicular neoplasm (H&E, ×400). D, Intranuclear
cytoplasmic pseudoinclusion (center), mimicking papillary thyroid carcinoma (LBC with Papanicolaou, ×400)

TABLE 4 Overall diagnostic accuracy by preparation type and staining method

Conventional
Smear (Pap)
(n = 39)

Conventional
Smear (H&E)
(n = 34)

Conventional Smear
(Romanowsky)
(n = 13)

Conventional
Smear (Combination)
(n = 37)

LBC ± Conventional
Smear (n = 22) P*

Review cytologic diagnosis .006

Accurately categorized 38 (97.4) 33 (97.1) 13 (100.0) 28 (75.7)abc 21 (95.5)

Malignancy but not accurately

categorized

0 (0.0) 0 (0) 0 (0.0) 1 (2.7) 1 (4.5)

Incorrectly categorized 1 (2.6) 1 (2.9) 0 (0.0) 8 (21.6)ab 0 (0.0)d

Note: a, b, c and d indicate reached significant difference vs the Pap, the H&E, the Romanowsky, and the Combination groups respectively.

Abbreviations: Pap, Papanicolaou; H&E, hematoxylin and eosin; LBC, liquid-based cytology.

*Fisher's exact test.
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comprising of thyroglobulin, calcitonin and monoclonal CEA is the

best choice to reach a conclusive diagnosis.33 Our survey found that

the ancillary tests are not routinely adopted in Asian thyroid cytology

practice at the time. So far, utility of concurrent calcitonin measure-

ment and ICC was noted in Japan and Australia. The cytology practice

in Japan, China and Australia included calcitonin measurement in FNA

washout fluid. The diagnostic accuracy could reach 100% with the aid

of ICC or calcitonin measurement.

4.2 | Comparison of preparation types and staining
methods

As to MTC, previous studies did not address diagnostic accuracy

among the cytopreparatory techniques. We compared the diagnostic

performance and found some subtle but distinct differences. The

cytologic diagnoses of MTC and MTC-S were initially rendered in only

68.3% of the cases. The diagnostic accuracy on Romanowsky stain

and in LBC was relatively higher than in other groups. After review of

FNA slides and/or accessing results of ancillary studies, the diagnostic

rate of MTC increased to 91.7%. The overall diagnostic accuracy was

excellent on Romanowsky stain (100.0%), Papanicolaou stain (97.4%)

and H&E stain (97.1%). Besides, there was no difference in specimen

adequacy/cellularity between conventional smear and LBC methods.

The proportion of MTC aspirates misdiagnosed as FN/SFN and

AUS/FLUS was relatively high on a combination of conventional

stains. Most of the discordant cases were diagnosed without support

of ancillary studies. Careful reviewing of these slides found that the

likely explanation could be the lack of plasmacytoid morphology, scant

cytoplasm, and inconspicuous nuclear pleomorphism. These cases also

presented with increased round cell population and cohesive cellular

groups, together with unobtrusive cytoplasm (Figure 2). In addition,

presence of a pseudofollicular or pseudopapillary pattern and nuclear

pseudoinclusion also led to a misdiagnosis of follicular neoplasm or

PTC (Figure 2). Interobserver variability in interpretation of the inde-

terminate cytologic categories is another likely contributing factor.

The cytoplasmic features are valuable in the diagnosis of MTC.

On Romanowsky or Papanicolaou-stained slides, the loose granularity

of the cytoplasm is observed in MTC cells as opposed to the dense

firmly granular cytoplasm seen in oncocytic follicular neoplasm.28,29

Azurophilic cytoplasmic granules (neurosecretory granules) seen on

the Romanowsky stain also facilitate MTC diagnosis28 (Figure 1A).

Therefore, the barriers arise from morphological changes including

scantiness of cytoplasm or naked nuclei in suboptimal smears.

Fischer et al34 described that LBC technique may not permit a

high rate of definitive diagnosis of PTC when compared with conven-

tional smears. In our survey, LBC exhibited both high concordance

rate and distinctive cytomorphologic appearance, and could be an

optimal choice for diagnosing MTC. LBC also has the advantage of

reduction of bloody background and cellular debris, which improves

the evaluation of ICC, and provides higher number of slides per

case.33

4.3 | Consensus and minimal diagnostic criteria for
each cytopreparatory method

A good criterion of adequacy ensures a low false-negative rate of

FNAC. In contrast to follicular cell-derived tumors, the abundance of

dyshesive cells is a hallmark of MTC. Because of the high propensity

for cellular dissociation, the criteria for adequacy could be modified.18

This study demonstrated single isolated epithelial cells count toward

adequacy. We chose to simply count all epithelial cells and ignore the

architecture in defining adequacy. Recent studies have suggested that

the required number of follicular cells for adequate thyroid FNAs can

be lowered without significantly affecting the sensitivity.18,35 Based

on the above observation, the adequacy criteria could be lowered to

minimal 20 cells for correct diagnosis of MTC, while more than 60 cells

was recommended in diagnosis of follicular cell neoplasms by the

Bethesda system. We should reconsider adequacy criteria of thyroid

FNA cytology, more individual criteria for follicular cell tumor lineage

(>60 cells) and neuroendocrine tumor lineage (>20 cells) separately.

However, the results need to be confirmed by further large-scaled

investigations.

Various cytologic features have been recognized on FNA speci-

mens that are associated with MTCs.1,4,8,13 Owing to the relative non-

specificity of any individual feature, the diagnostic accuracy of MTC is

likely to depend upon combination criteria required for a definitive

diagnosis. In addition, for each cytopreparatory method, it is ideal to

define constitutive diagnostic features for MTC.

In this study, causes of missed or overlooked diagnoses included

the variety of cellular morphologies, such as dispersed cell pattern,

oxyphilic wide cytoplasm, follicular growth pattern, and intranuclear

cytoplasmic pseudoinclusions. Because of the limited or equivocal

cytologic findings for MTC, most participating investigators tended to

use the Bethesda categories V (suspicious for malignancy) or III

(AUS/FLUS), with comments and recommendation for serum calcito-

nin and CEA tests. Furthermore, a consensus was reached on a combi-

nation of the following diagnostic features: “salt and pepper”

chromatin, dispersed cell pattern, plasmacytoid/polygonal/spindle

morphology, and amyloid in the background.

There are several limitations to our study. First, it was a retro-

spective study; it is likely to have an inherent bias and potentially

affected quality of data acquisition. Second, in this multi-institutional

study, although the criteria for the uniform diagnostic practice (ie,

TBSRTC) were applied, the interobserver variation still existed. These

interpretive discrepancies may reflect a need for concise diagnostic

criteria with good observer agreement.

In this large scale multinational study, we have observed diversi-

ties in preparation and staining methods in thyroid FNA cytology. The

overall diagnostic accuracy in detecting MTC retrospectively was con-

sistently high using Romanowsky stain, Papanicolaou stain, and/or

H&E stain. Integration with ancillary tests in routine practice could

achieve a cytologic diagnosis of MTC with excellent accuracy. The

characteristic cytologic features of MTC are sometimes misleading,

and the misinterpretation could impede the subsequent diagnostic
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workup. Based on the clinical experience from the Asia-Pacific coun-

tries, we advocate that recognition of constitutive cytomorphologic

features should raise the diagnostic consideration of MTC, with a low

threshold to initiate further testing.
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