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ABSTRACT

Objectives: We aimed to provide the Asian experience 
with the Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) in pediatric thyroid nodules.

Methods: Consecutive thyroid fine-needle aspirates 
(patient age, ≤18 years) were retrospectively collected 
from 7 tertiary centers in 5 Asian countries. 

Results: Of 194,364 thyroid aspirates, 0.6% were pediatric 
cases (mean age, 15.0 years). Among 827 nodules 
with accessible follow-up, the resection rate and risk of 
malignancy (ROM) were 36.3% and 59.0%, respectively. 
Malignant nodules (n = 179) accounted for 59.7% of 
resected nodules and 21.6% of all thyroid nodules with 
available follow-up. Compared with the published adult 
series, pediatric nodules had a higher resection rate and 
ROM, particularly in the indeterminate categories. 

Conclusions: Our study demonstrates that Asian 
pediatric thyroid nodules had higher ROM than those 
from adults. The prototypic outputs of TBSRTC may 
need to be adjusted in the pediatric population.

Fine-needle aspiration (FNA) cytology is a first-
line procedure to guide clinical decisions for thyroid 
nodules. Currently, most thyroid FNAs are categorized 
based on the Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC), which includes 6 diagnostic 
categories: nondiagnostic (ND), benign, atypia of unde-
termined significance/follicular lesion of undetermined 
significance (AUS/FLUS), follicular neoplasm/suspicious 
for FN (FN/SFN), suspicious for malignancy (SM), and 
malignant.1,2 In addition to implementing the uniform 
terminology, TBSRTC provided several numeric outputs, 
such as frequency of each diagnostic category, resection 
rate, and risk of malignancy (ROM). The latter is impor-
tant for clinical workup, particularly as an indicator for 
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Key Points

•  The utility of the Bethesda System for Reporting Thyroid Cytopathology 
was assessed in the largest series of pediatric nodules to date.

•  The prototypic output of the Bethesda System may need to be adjusted 
in the pediatric population.

•  Pediatric nodules had a higher resection rate and risk of malignancy than 
adult nodules, particularly in the indeterminate categories.
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surgery. The frequency of diagnostic categories and resec-
tion rate serve as quality control measures.

Thyroid nodules are seen uncommonly in the pedi-
atric population, with a prevalence of less than 2%.3 The 
American Thyroid Association (ATA) recommended the 
age of 18 years as the cutoff  value for the pediatric pop-
ulation.4 Although the incidence is far lower than that of 
adult nodules, the ROM has been reported as higher.3,5 
FNA is recommended as a primary tool for evaluating 
pediatric nodules, as for thyroid nodules in adults.4 The 
ATA published separate guidelines for pediatric patients4 
because pediatric nodules have been shown to have dif-
ferent demographic, clinical, prognostic, and molecular 
findings compared with those in adults.6-10 Several studies 
have described the TBSRTC findings in children.11-13 
Pediatric thyroid nodules were shown to have a high 
surgical rate and ROM, particularly in indeterminate 
nodules.11,12 However, in commenting on TBSRTC output 
for children, experts of the ATA pediatric task force ac-
knowledged that available data are limited at the mo-
ment.4 Moreover, the vast majority of studies on pediatric 
thyroid nodules were conducted at Western institutions, 
although Asia is the main contributor to both incidence 
and prevalence of thyroid cancer worldwide, given the 
huge population.14

Because of the lack of data on pediatric nodules in 
Asia, this study aimed to provide the Asian experience 
using TBSRTC in the largest pediatric FNA series to date, 
encompassing more than 1,200 pediatric thyroid nodules.

Materials and Methods

Case Selection

This study was performed within the network of the 
Asian Working Group in Thyroid Pathology.15 As recom-
mended by the ATA 2015 guidelines for pediatric thyroid 
cancer,4 we retrieved FNA cases from patients 18  years 
of age or younger at the time of the FNA procedure. 
Consecutive pediatric FNAs were collected retrospectively 
from 7 institutions in 5 Asian countries—Japan (n = 2), 
Korea (n  =  2), Thailand, Philippines, and Vietnam—
from 2011 to 2019. The institutional review boards of the 
participating institutions approved the study protocol. All 
institutions used direct smears stained with Papanicolaou 
and/or Giemsa. Specimens from institutions 1 and 3 were 
also evaluated using SurePath (Becton Dickinson) and 
ThinPrep preparations (Hologic), respectively.

Individual FNA cases were classified as ND, benign, 
AUS/FLUS, FN/SFN, SM, or malignant, according to 
the Bethesda system criteria.1 Histologic follow-up data 

were queried for all cases undergoing surgery. Operated 
nodules were location-matched with aspirated nodules. 
None of the institutions performed preoperative molec-
ular analyses for the included cases. The criteria for non-
invasive follicular thyroid neoplasm with papillary-like 
nuclear features (NIFTP) were applied for cases diag-
nosed prospectively since 2017.16

Statistical Analyses

We calculated the frequency, resection rate, ROM, 
and overall ROM (oROM) for each TBSRTC category, 
as described previously.5 Data analyses were performed 
by SPSS version 23.0 (IBM) and R software (www.r-
project.org). The χ2 test, Student t-test, Mann-Whitney 
test, and Wilcoxon rank sum test were used for analyses, 
as applicable.

Results

Of 194,364 thyroid nodules that underwent FNA from 
2011 to 2019 at 7 institutions, 1,217 were pediatric nodules, 
accounting for 0.6% of all aspirated thyroid nodules. The 
mean age of the patients was 15.0 years, and the mean size 
of the thyroid nodules undergoing FNA was 27.7 mm. Most 
patients were 16 years of age or older ❚Figure 1❚. The ATA 
recommended classifying pediatric patients by age group as 
prepubertal, pubertal, and postpubertal.4 In our series, there 
were 4.8%, 39.7%, and 55.5% cases from patients younger 
than 10, 10 to 15, and older than 15 years of age, respectively. 
The baseline characteristics of FNA cases from each institu-
tion are shown in ❚Table 1❚.

Overall Frequency, Resection Rate, ROM, and oROM of 
TBSRTC Categories in Pediatric Thyroid Nodules

The frequency, resection rate, ROM, and oROM of 
6 diagnostic categories are presented in ❚Table 2❚. Similar 

❚Figure 1❚ Number of fine-needle aspirations and corre-
sponding risk of malignancy in different age groups.
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to adult nodules,5 the most commonly diagnosed cat-
egory was benign, followed by ND and malignant. 
Indeterminate nodules (AUS/FLUS and FN/SFN) were 
rare in pediatric patients, with a rate of 8%.

Initial screening revealed that at institutions 6 and 
7, based in Southeast Asia (Vietnam and Philippines), 
the rate of  patients undergoing surgery was much lower 
compared with other hospitals (9% vs 36%). After col-
lecting feedback, we found that many hospitals in the 
corresponding countries are not performing thyroid 
FNA because of  the severe lack of  experts, and patients 
are referred to outside tertiary hospitals.17,18 After re-
ceiving the FNA results, patients usually return to their 
provincial hospitals for surgery. Consequently, data 
from Vietnam and Philippines (390 nodules) were not 
included for resection rate, ROM, and oROM calcula-
tions to avoid potential bias.

Of 827 patients with available follow-up, 300 (36.3%) 
underwent thyroid surgery. This overall resection rate is 
considerably higher than in adult thyroid nodules (20.6%, 

according to a recent meta-analysis).5 Furthermore, com-
pared with adult cohorts,5 pediatric patients with an 
FNAC result of AUS/FLUS, FN/SFN, or SM were more 
likely indicated for surgery ❚Table 3❚. The ROM of pedi-
atric FNAs was higher than that of adult cases in most 
TBSRTC categories (Table 3).

Cytohistologic Correlation of Surgically Resected Nodules

The final diagnoses of surgically resected nodules are 
summarized in ❚Table  4❚. Malignant nodules (n  =  179) 
constituted 59.7% of resected thyroid nodules and 21.6% 
of all thyroid nodules with available follow-up. Neoplastic 
lesions accounted for 77.9% of resected nodules and 
31.1% of all nodules.

Among the resected nodules, papillary thyroid carci-
noma (PTC) was the most common diagnosis ❚Figure 2❚, 
and most cases were classic PTC. We found only 1 case 
of NIFTP. Representative cases of different entities more 
frequently seen in the pediatric population are shown in 
❚Image 1❚.

❚Table 1❚ 
Baseline Data of Participating Asian Institutions

Insti-
tution Country

No. of FNA 
Nodules

No. of 
Surgeries

FNA  
Period

Total No. of FNA 
Nodules in Same Period

% Pe-
diatric 
Nodules

M:F 
Ratio

Mean 
Age, 
y FNA Technique Stain

Mean Size 
of Nodule, 
mm

1 Japan 382 154 2011-2018 55,668 0.7 45:273 15.3 Direct and LBC Pap 25.5
2 Japan 285 85 2010-2018 57,352 0.5 45:240 15.8 Direct Pap, 

Giemsa
35.4

3 Korea 70 29 2011-2017 21,204 0.3 16:51 15.6 Direct and LBC Pap 20.2
4 Korea 48 18 2011-2017 12,949 0.4 11:37 15.2 Direct Pap, H&E 24.3
5 Thailand 42 14 2011-2017 3,723 1.1 4:38 13.5 Direct Pap 26.7
6 Philip-

pines
166 NA 2011-2017 12,011 1.4 22:141 15.0 Direct Pap, DQ 32.5

7 Vietnam 224 NA 2011-2019 31,457 0.7 50:174 14.7 Direct Giemsa NA

DQ, Diff-Quick; FNA, fine-needle aspiration; LBC, liquid-based cytology; NA, not available; Pap, Papanicolaou.

❚Table 2❚ 
TBSRTC Outputs of Pediatric Thyroid Nodules

Category
Frequency,  
No. (%)

Resection Rate,  
No. (%)a

ROM,  
No. (%)a

oROM,  
No. (%)a

ND 194/1,217 (15.9) 10/119 (8.4) 3/10 (30.0) 3/119 (2.5)
 CFO 95/1,217 (7.8) 6/89 (6.7) 1/6 (16.7) 1/89 (1.1)
 Non-CFO 99/1,217 (8.1) 4/30 (13.3) 2/4 (50.0) 2/30 (6.7)
Benign 709/1,217 (58.3) 91/446 (20.4) 8/91 (8.8) 8/446 (1.8)
AUS/FLUS 32/1,217 (2.6) 6/27 (22.2) 4/6 (66.6) 4/27 (14.8)
FN/SFN 67/1,217 (5.5) 44/56 (78.6) 16/44 (36.4) 16/56 (28.6)
Suspicious for malignancy 28/1,217 (2.3) 11/12 (91.7) 11/11 (100) 11/12 (91.7)
Malignant 186/1,217 (15.3) 138/167 (82.6) 137/138 (99.3) 137/167 (82.0)

AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; CFO, cystic fluid only; FN/SFN, follicular neoplasm/suspicious 
for a follicular neoplasm; ND, nondiagnostic; oROM, overall risk of malignancy; ROM, risk of malignancy; TBSRTC, the Bethesda System for Reporting Thyroid 
Cytopathology.
aData of institutions from Vietnam and Philippines were excluded from the analyses for resection rate, ROM, and oROM.
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Association Between Malignancy Rate and Other 
Clinicopathologic Parameters

Although the overall incidence of thyroid cancer in-
creased with age (Figure 1), age was not associated with 
the ROM in patients who underwent thyroidectomy 
(P = .503). The ROM was higher for female patients and 
for nodule sizes 10 mm or greater than for male patients 
or tumors less than 10 mm (P =  .044 and P <  .001, re-
spectively). Pediatric patients with SM or malignant FNA 
results underwent surgery faster than those with benign 
FNA (3.75 ± 2.51 months [median, 3 months] vs 6.18 ± 
3.32  months [median,  6  months]; P  <  .001). No other 
clinicopathologic factors were associated with ROM.

Interinstitutional Variation

The Supplementary Table shows TBSRTC outputs for 
each included institution (all supplemental materials can be 
found at American Journal of Clinical Pathology online). 
There were some variations among hospitals, but generally 
the output was homogeneous. Outliers, such as unusually 
high frequency or ROM in certain categories, were seen more 

often at institutions with lower numbers of cases enrolled. 
Most hospitals did not perform surgeries for ND nodules. 
Interestingly, all resected ND nodules in Thailand turned 
out to be malignant. Conversely, most resected nodules in 
the benign category at one of the Korean institutions were 
malignant (66.7%). The resection rate and ROM of SM and 
malignant categories were high in all institutions.

Discussion

Since the introduction of TBSRTC in thyroid FNA, 
there have been many studies regarding the application 
of this system for adult thyroid nodules. However, data 
for the pediatric population are limited, and most studies 
were conducted in Western countries. The current study 
is the largest series to date on pediatric nodules and com-
bines the experience of several Asian institutions. Our 
study confirms the usefulness of TBSRTC in the preoper-
ative evaluation of pediatric thyroid nodules.

The age threshold for pediatric cases varied in pre-
vious publications, ranging from 17 to 21  years.11,13,19-21 

❚Table 3❚ 
TBSRTC Outputs of Pediatric Thyroid Nodules in Comparison With Adult Nodules

FNA 
Categories Variables

Adult Thyroid Nodulesa Proportion, %

Pooled Proportion, 
% 95% CI

Lale et al13 
(n = 282)

Partyka et al22 
(n = 186)

Wang et al11 
(n = 302)

Current Study  
(n = 1,217b)

ND Frequency 12.2 9.3-15.1 20.9 14.5 8.3 15.9
Resection rate 13.9 11.2-16.7 16.9 7.4 20.0 8.4
ROM 19.1 1.5-24.2 10 0 0 30.0
oROM 2.0 1.5-2.4 NA NA NA 2.5

Benign Frequency 62.3 58.2-66.5 48.2 61.3 71.2 58.3
Resection rate 13.0 9.5-16.5 12.5 19.3 24.7 20.4
ROM 8.0 0.5-10.4 0 4.5 7.5 8.8
oROM 0.6 0.5-0.7 NA NA NA 1.8

AUS/FLUS Frequency 8.0 6.1-9.9 2.1 11.3 8.6 2.6
Resection rate 36.2 29.9-42.5 66.7 66.7 57.7 22.2
ROM 30.5 7.3-37.0 50 28.6 20.0 66.6
oROM 9.2 7.1-11.3 NA NA NA 14.8

FN/SFN Frequency 6.1 4.5-7.7 14.2 4.3 3.3 5.5
Resection rate 60.5 54.5-66.5 47.5 87.5 80.0 78.6
ROM 28.9 26.2-31.6 47.4 57.1 25.0 36.4
oROM 17.2 14.8-19.6 NA NA NA 28.6

SM Frequency 3.7 2.9-4.6 2.1 1.6 1.7 2.3
Resection rate 69.7 64.0-75.5 66.7 100 100 91.7
ROM 79.6 75.2-83.9 100 100 100 100.0
oROM 53.9 49.1-58.8 NA NA NA 91.7

Malignant Frequency 7.4 5.4-9.3 12.4 7 7.0 15.3
Resection rate 72.1 66.3-77.9 68.6 100 85.7 82.6
ROM 99.1 98.8-99.4 100 100 100 99.3
oROM 70.8 65.2-76.4 NA NA NA 82.0

AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FN/SFN, follicular neoplasm/suspicious for follicular neoplasm; NA, 
not available; ND, nondiagnostic; oROM, overall risk of malignancy; ROM, risk of malignancy; SM, suspicious for malignancy; TBSRTC, the Bethesda System for 
Reporting Thyroid Cytopathology.
aData extracted from Vuong et al.5

b827 with follow-up (eligible for resection rate and ROM calculations).
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Based on the recommendation from the ATA,4 we applied 
the age cutoff  of 18  years of age or younger to define 
pediatric nodules. We compared our results with recent 
large-scale cytopathology series.11,13,22 The frequency, re-
section rate, ROM, and oROM of 6 diagnostic categories 
in our study differed from published pediatric data 
(Table 3). In particular, the AUS/FLUS category showed 
a lower resection rate and higher ROM. There are some 
possible explanations for such a discrepancy: (1) selec-
tion or sampling bias due to a relatively small number 
of cases in published pediatric case series; (2) geographic 
variation of pediatric thyroid cancer prevalence; (3) dif-
ferent diagnostic thresholds among institutions and indi-
vidual pathologists, which we demonstrated previously5; 
and (4) active surveillance, which is actively applied in 
Asian countries. To address high ROM in the ND cate-
gory, we divided ND nodules into cystic fluid only and 

non–cystic fluid only. The latter showed higher resection 
rate and ROM; however, the differences between the 2 
subgroups were not statistically significant (P  =  .26 by 
the independent samples t-test). Of note, high ROM in 
ND nodules (30%) corresponded to the very low oROM 
(2.5%), which is a more adequate representation of the 
clinical situation and metrics.

Although output of the TBSRTC in pediatric 
nodules is not systematically summarized at the moment, 
adult series have been described comprehensively in meta-
analyses. The most recent one encompassed 145,066 
thyroid FNAs from 38 studies.5 Compared with adult 
nodules, our pediatric series showed almost 2 times lower 
prevalence of indeterminate nodules (TBSRTC III–V) 
and higher frequency of malignant nodules (TBSTRC 
VI). An interesting finding from our study and other pub-
lished pediatric series is that the resection rate in most 
categories was higher than that in adult thyroid nodules, 
especially FN/SFN and SM categories (Table 3). Pediatric 
thyroid nodules are usually larger than adult ones,23 which 
increases anxiety and vigilance from parents and leads 
to prompt operation. Our study also highlighted that 
ROM of pediatric nodules in most TBSRTC categories 
was higher than that in adults, a finding that is consistent 
with previously reported data by the pediatric panel of 
the ATA.4

In this study, malignancy was more commonly 
observed in female patients, as with adult thyroid 
nodules.24 Pediatric thyroid nodules have long been 
known to be larger than adult nodules.9,25,26 However, 
the ROM was higher in resected thyroid nodules up to 
1 cm than in those greater than 1 cm in our study. This 
result can be partially explained by the fact that the 

❚Table 4❚ 
Cytologic-Histologic Correlation in 300 Pediatric Thyroid Nodules

Category Resected Nodules (n = 300) Nonneoplastic (n = 73) Nonmalignant Neoplasm (n = 78) Malignant (n = 179)

I 10 6 adenomatous goiter  
1 piriform sinus fistula

— 2 PTC  
1 MTC

II 91 55 adenomatous goiter  
2 Graves disease  
3 Hashimoto thyroiditis  
1 piriform sinus fistula

16 FA  
3 FT-UMP  
2 WDT-UMP  
1 NIFTP

4 PTC  
3 FTC  
1 MTC

III 6 2 adenomatous goiter — 4 PTC
IV 44 2 adenomatous goiter 24 FA  

2 FT-UMP
1 PTC  
14 FTC  
1 PDTC

V 11 — — 11 PTC
VI 138 1 adenomatous goiter — 130 PTC  

5 MTC  
1 sarcoma  
1 DLBCL

DLBCL, diffuse large B-cell lymphoma; FA, follicular adenoma; FT-UMP, follicular tumor of uncertain malignant potential; MTC, medullary thyroid carcinoma; 
NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features; PDTC, poorly differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; 
WDT-UMP, well-differentiated tumor of uncertain malignant potential. 

❚Figure 2❚ Distribution of thyroid malignancies by histologic 
type and age. FTC, follicular thyroid carcinoma; MTC, medul-
lary thyroid carcinoma; PTC, papillary thyroid carcinoma.
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❚Image 1❚ Representative cases of different entities encoun-
tered in a pediatric population. Histocytologic correlations in 
dyshormonogenetic goiter (A-C), diffuse sclerosing variant 
papillary thyroid carcinoma (PTC) (D-F), solid variant PTC 
(G-I), and medullary thyroid carcinoma associated with 
MEN2 (J-L). Low magnification view of dyshormonegenetic 
goiter reveals diffuse follicular hyperplasia (A). High mag-
nification view shows decreased colloid and mild nuclear 
atypia (B). Fine-needle aspiration cytology (FNAC) reveals 
moderately cellular aspirates of syncytial fragments com-
posed of macrofollicles in this case (C). In diffuse sclerosing 
variant PTC, numerous psamommatous calcifications and 
squamous metaplasia are observed in resection specimen 
(D, E). 
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ATA recommended applying FNA to thyroid nodules 
less than 1 cm only in strongly suspicious nodules. We 
also found that pediatric thyroid cancers were diagnosed 
earlier and resected when they were smaller than benign 
thyroid nodules. Nevertheless, our results might have 
been caused by selection bias because small nodules 
with benign ultrasound findings generally are not sam-
pled. Further studies are needed to clarify the discrepant 
association between tumor size and ROM in pediatric 
nodules.

Following the implementation of new terminology 
for NIFTP,16 the revised version of TBSRTC has adjusted 
the ROM for most categories, especially AUS/FLUS, FN/
SFN, and SM.2 The prevalence of NIFTP among PTC 
in Asian countries is only 1.5% to 2.0%, which is much 

lower than that in Western series.27-29 Moreover, Asian 
NIFTP cases were seen only in patients 20 years of age or 
older.30,31 We did not review all of our cases before 2017 to 
reclassify the NIFTP cases. Given the low rate of NIFTP 
in Asian patients and the low proportions of AUS/FLUS, 
FN/SFN, and SM, the number of NIFTP cases in our se-
ries should be very limited, and it does not seem to affect 
the overall results.

Recently, the ATA and Bethesda guidelines have re-
commended molecular testing for indeterminate thyroid 
nodules.2,32 This approach is helpful for effective man-
agement of  these nodules and might help decrease the 
rate of  overtreatment. A few studies have demonstrated 
the usefulness of  molecular testing in the management 
of  pediatric thyroid nodules.33,34 The genetic hallmark of 

❚Image 1❚ (cont) FNAC reveals nuclear features of PTC and area of squamous metaplasia (F). Predominantly solid and trabec-
ular pattern in solid variant PTC (G, H). Solid arrangement of cells with nuclear atypia on cytology (I). 
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this young population is the higher prevalence of  RET/
PTC and the lower prevalence of  BRAF mutation com-
pared with adult patients.33,34 Although preoperative 
molecular testing is widely used in North America, it is 
not feasible in many Asian countries. Further effort is 
needed to evaluate the cost-effectiveness and usefulness 
of  molecular testing for indeterminate nodules in com-
parison with active surveillance in Asian countries.

This study has several limitations that need to be 
considered. Although TBSRTC outputs were compa-
rable among institutions, we found some variations. 
The surgical rate was abnormally low in Southeast 
Asian countries (Vietnam and Philippines), and we 
had to exclude their data from the calculation of  re-
section rate and ROM to avoid bias. There were also 

a few outliers regarding the ROM among institutions. 
Potential reasons for these discrepancies are differences 
in the number of  included patients, working experience, 
cancer prevalence, and diagnostic concepts among in-
stitutions. Interinstitutional heterogeneity is an almost 
inevitable confounder, as per our previous experience 
with large-scale multinational studies. We should also 
admit that none of  the participating institutions was a 
specialized pediatric hospital but rather a tertiary aca-
demic center or a specialized thyroid clinic.

The study has several strengths. First, this TBSRTC-
classified series of  pediatric thyroid nodules is the lar-
gest in terms of  both aspirated and operated cases. Our 
enrollment criteria included a strict age cutoff  proposed 
by the ATA, which was not applied consistently in other 

❚Image 1❚ (cont) Medullary carcinoma shows oval to spindle 
tumor cells with amorphous material (J, K). Finely granular 
chromatin pattern is observed in FNAC (L). H&E (A, B, D, E, 
G, H, J, K); Papanicolaou (C, F, I, L).
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studies. This study is also the largest from the Asian 
continent.

In conclusion, the 6-tier classification suggested by 
TBSRTC is a helpful tool in guiding clinical decisions 
for pediatric thyroid nodules. This study provided ad-
ditional experience from a large multi-institutional co-
hort study in Asia. Pediatric nodules differ from adult 
nodules in that there was a higher ROM in the indeter-
minate categories in comparison to the adult popula-
tion. This finding raises a possibility that the prototypic 
outputs of  TBSRTC may need to be adjusted in the pe-
diatric population.

Corresponding author: Andrey Bychkov, MD, PhD; bychkov.
andrey@kameda.jp.
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