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Abstract

Introduction: Ultrasonography and fine needle aspiration biopsy are reliable
diagnostic methods used to predict malignancy in thyroid nodules. They are useful
in identifying patients for therapy or preventing unnecessary surgery.

Materials and Methods: The aim of this study was to compare clinical and
ultrasonographic findings with fine needle aspiration biopsy and histopathological
examination results in children with thyroid nodules. Retrospective study.

This multicentre study included pediatric patients with thyroid nodules, followed
up between July 2002 and November 2019 in nine Turkish Pediatric Endocrinology
Units. Clinical, ultrasonographic, cytological and histopathological findings
(malignant or benign) were analyzed retrospectively. Fine needle aspiration biopsy
findings were classified according to American Thyroid Association criteria.
Results: A total of 203 children were included, of whom 82.3% (n=167) were
female. Meantstandard deviation age was 14.06+2.26 (range 3.7-19) years.
Cytological diagnoses were: non—diagnostic or unsatisfactory 1.9%; benign
59.6%; atypia or follicular lesion of undetermined significance, suspicious for
follicular neoplasm in 2.4%; suspicious for malignancy 12.8%; and malignant in
1.9%. Surgery was performed in 59 (29.1%) patients. In total 33 (16.3%) patients
were diagnosed with malignancy. In patients with benign fine needle aspiration
biopsy results, malignancy was detected in 17.6% when they underwent surgery.
Malignancy was present in 44.4% of the patients with cytologically determined
atypia or follicular lesion of undetermined significance. The diagnostic accuracy
of fine needle aspiration biopsy was 79%.

Conclusion: This study is first multicentre study investigating thyroid nodules
in children and adolescents in Turkey. In this population fine needle aspiration
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biopsy has an important role in diagnosis, but ultrasonographic features of nodule should also be taken into consideration. Atypia or
follicular lesion of undetermined significance may be of greater clinical significance than has previously been reported.

Oz

Giris: Ultrasonografi ve ince igne aspirasyon biyopsisi, tiroid nodiillerinde maligniteyi 6ngormede kullanilan giivenilir tam
yontemleridir. Dogru hastay1 bulmada ve gereksiz ameliyatlar1 onlemede faydalidirlar. Bu ¢alismanin amaci tiroid nodiilii bulunan
cocuklarda ince igne aspirasyon biyopsisi ile klinik, ultrasonografik bulgular ve histopatolojik inceleme sonuglarini karsilastirmaktir.
Gerec ve Yontem: Bu cok merkezli calismada, Tiirkiye’den 9 farkli Pediatrik Endokrinoloji Unitesinde Temmuz 2002-Kasim 2019
tarihleri arasinda takip edilen tiroid nodiillii hastalarin verileri incelendi. Tiroid nodiillii ¢ocuk hastalarin klinik, ultrasonografik,
sitolojik ve histopatolojik bulgular1 (malign veya benign) retrospektif olarak incelendi. Ince igne aspirasyon biyopsisi ile takip
edilen hastalarin bulgular1 Amerikan Tiroid Birligi’ne gore siniflandirildi.

Bulgular: Calismaya toplam 203 cocuk dahil edildi, hastalarin %82,3’ii (n=167) kadindi. Hastalarin ortalama yas1 14,06+2 .26 yil
(dagilim 3,7-19 yil) idi. Hastalarin sitolojik tanilart su sekildeydi: %1.,9’u tan1 dis1 veya yetersiz, %59,6’s1 benign, dnemi belirsiz
atipi veya folikiiler lezyon, %2 4’ folikiiler neoplazm siipheli, %12,8’1 malignite siiphesi, %1,9’u malign idi. 59 hastaya cerrahi
uygulandi. Otuz ii¢ hastaya malignite tanis1 konuldu. Benign ince i§ne aspirasyon biyopsisi sonucu olan hastalarin %17,6’sinda
ameliyat olduklarinda malignite saptandi. Onemi belirlenemeyen sitolojiye sahip atipi veya folikiiler lezyonu olan hastalarin
%44 4’{inde malignite mevcuttu. Ince igne aspirasyon biyopsisinin tanisal dogrulugu %79 idi.

Sonug: Bu calisma, Tiirkiye’de cocuk ve ergenlerde tiroid nodiillerini arastiran ilk ¢ok merkezli ¢alismadir. Tiroid nodiilii olan
cocuklarda ince igne aspirasyon biyopsisi tanida 6nemli bir yere sahiptir ancak nodiiliin ultrasonografik ¢zellikleri de dikkate

alinmalidir. Atipi veya 6nemi belirsiz folikiiler lezyon bilinenden daha nemli olabilir.

Introduction

Although thyroid nodules are less frequent among
children than adults, they are more likely to be
malignant in children. Published case series suggest
that the rate of malignancy in pediatric thyroid nodules
ranges between 10-50% (1). The prevalence of thyroid
nodules is estimated to be 0.2-5% in children and 19-
35% in adults (2). Risk factors for the development
of thyroid nodules in children include family history
of thyroid nodule or thyroid cancer, iodine deficiency,
exposure to radiation, history of antecedent thyroid
disease, increased serum thyrotropin (TSH), gender,
race, age and various genetic syndromes (3-6).
Although there is no definitive size for a nodule to
be palpable, nodules larger than 1.5 cm are usually
palpable. Changes in the size or structure of a nodule
over time, the presence of tenderness and pain in the
nodule, and attachment of the nodule to surrounding
structures should be evaluated. Large, hard nodules
that adhere to adjacent tissue are more likely to be
associated with cancer (7).

Ultrasonography (USG) is a good method for
determining the characteristics of the nodule. However,
there are still no satisfactory data and, therefore, fine
needle aspiration biopsy (FNAB) is needed for a
definitive diagnosis. Ultasonographic characteristics
of nodules including hypoechogenicity, solid structure,
irregular margins, micro-calcifications and increased

intra-nodular blood flow should all prompt FNAB (8).

FNAB is the best method to distinguish benign
from malign nodules and diffuse goiter. Cytological
examination is reported according to the Bethesda
classification which will result in a reduction in
the rate of unnecessary surgery (9). However, this
classification also has limitations. The Bethesda
classification consists of six categories and there
may be diagnostic confusion in the third and fourth
categories. Despite this, the American Thyroid
Association (ATA) guidelines recommend the use of
the Bethesda classification in both adults and children
(10).

The aim of this study was to evaluate clinical,
ultrasonographic, cytological and histopathological
findings in children in whom FNAB was performed
to investigate thyroid nodules and to compare the
potential of USG findings and FNAB findings to
detect malignancy.

Materials and Methods

Patient Information

The data of patients attending nine Turkish
Pediatric Endocrinology Units between July 2002
and November 2019 because of thyroid nodule were
retrospectively analyzed. Each thyroid nodule was
evaluated with FNAB in all patients. Informed consent
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was obtained from the parents of the patients before
FNAB. Patients without FNAB were not included in
the study. Underlying thyroid diseases, demographical
characteristics and physical examination of all children
were recorded.

The study was approved by a local ethical
committee.

Laboratory Analysis

Serum free thyroxine (fT4) and TSH levels were
evaluated. Since the serum thyroglobulin level was
not measured in all patients, it was not included in the
analysis. The presence of thyroid autoantibodies was
recorded.

USG, FNAB and Histopathology

USG examination recorded details of size, location,
infrastructure, echostructure and vascularization
characteristics of the nodule and the presence of
micro-calcification and irregular margins were
evaluated. The infrastructure was classified as solid,
cystic or mixed. The echo-structure of the thyroid
parenchyma was classified as hyperechoic, isoechoic,
or hypoechoic. Vascularization characteristics were
classified as avascular, internal vascularization,
peripheral vascularization.

FNAB results were categorized according to the
Bethesda classification system. These categories
are: Bethesda 1 (non diagnostic or unsatisfactory);
Bethesda 2 (benign); Bethesda 3 (atypia of
undetermined significance [AUS] or follicular lesion
of undetermined significance [FLUS]); Bethesda
4 (suspicious for follicular neoplasm or Hurtle cell
neoplasm); Bethesda 5 (suspicious for malignancy);
and Bethesda 6 (malign).

The histopathological results of the patients who
underwent surgery were examined. Nodules diagnosed
with thyroid cancer by histopathological examination
were grouped as “malign” and other nodules as
“benign”.

Statistical Analysis

Data were statistically analyzed using SPSS,
version 21.0 (SPSS, Chicago, IL, USA). Continuous
variables are expressed as mean + standard deviation
(SD). Categorical variables are presented as
numbers (percentages). Continuous variables were
compared with Mann-Whitney U test or Kruskal
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Wallis test. Pearson chi-square tests were used to
determine significant differences in proportions
among categorical variables. A p value of <0.05 was
considered statistically significant.

Results

Patient Characteristics

A total of 203 patients from nine centers were
included in the study and 82.3% (n=167) were female.
Mean age was 14.06+2.26 years, which ranged
from 3.7 to 19 years. The most common presenting
symptom was neck swelling in 67% (n=136). In 4.4%
of the patients (n=9), the nodule was detected while
investigating the etiology of increased TSH. Difficulty
in swallowing, neck pain and hoarseness were present
in1.3% (n=3),1.3% (n=3) and 1% (n = 2) of the
patients, respectively. The nodule was detected
incidentally in other patients. More than a quarter
(26.1%; n=53) of the patients had a family history of
thyroid disease. Most of the patients [78% (n=50)]
with histopathologically benign nodules had no family
history of thyroid disease and this was significantly
different from the rate of family history in patients
with malign nodules (p=0.04). Nearly a third (30.5%;
n=62) of the patients had no goiter or palpable nodule
while a further 30.5% (n = 62) had goiter, and 23.6%
(n = 48) had palpable nodule (p=0.18).

Laboratory Analysis, FNAB and Histopathological
Findings

Hashimoto disease, diagnosed with antibody
positivity and USG findings, was present in 17.2%
(n=35) of the patients. The FNAB results of these
patients were: Bethesda 1 n=2; Bethesda 2 n=25;
Bethesda 5 n=5; and Bethesda 6 n=1. Only patients
with Bethesda 5 or 6 underwent surgery and these
patients were diagnosed with papillary thyroid cancer
(PTC). Cytology of the remaining two patients, who
were not classified with Bethesda, was compatible
with chronic lymphocytic thyroiditis. There was no
medullary thyroid carcinoma.

The USG findings of 15 patients with Bethesda
2 were compatible with thyroiditis, without antibody
positivity. The remaining 87 patients were followed as
isolated nodules without an underlying disease. Two
of these patients were diagnosed with non-thyroid
cancer (Schwannoma and PTEN hamartoma).
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In the whole cohort, FNAB results of 189 patients
were grouped by Bethesda classification. Other
patients who could not be classified in these groups
were reported as adenomatous nodule, cyst fluid only,
thyroiditis, and chronic lymphocytic thyroiditis.

When biopsy subgroups were evaluated in terms
of serum TSH and fT4 levels, there was no difference
between the groups (p=0.085, p=0.086) (Table 1).

It was significantly more likely to identify nodules
with microcalcifications in the group suspicious for
malignancy (p<0.001) when compared to the benign
group who tended to have non-calcified nodules. While
nodules with mixed echogenicity were generally found
in the groups with benign results and those suspicious
for malignancy, nodules with other echogenic features
were mostly in the benign group or the AUS/FLUS
group (p<0.001). There was no difference between
the groups in terms of nodule margins (p=0.06), nor
was there a difference between the groups in terms of
nodule number, location and vascularization (Table 2).

In this population nodules with heterogeneous
echogenicity were mostly observed in the suspicious
for malignancy group (16.3%) and the AUS/FLUS
(15.1%) group, while nodules with homogeneous
echogenicity were prevalent in the benign group
(66%) (p=0.02).

Surgery was performed in 29% (n=59) of the
patients, some of whom had diffuse goiter with cystic/
solid nodules and benign cytology. However, there
was still a risk for malignancy, hence the surgery.

Histopathological results for patients undergoing
surgery were: multinodular goiter in 25.4% (n=15);
follicular adenoma/adenomatoid nodule in 13.5 %
(n=8); chronic lymphocytic thyroiditis in 3.3% (n=2);
PTC in 33.2% (n=19); papillary microcarcinoma in
3.3% (n=2); follicular variant PTC in 15.2% (n=9);
follicular thyroid cancer in 1.6% (n=1); hamartoma
in 1.6% (n=1); Schwannoma in 1.6% (n=1); and

hyperfunctional cyst/adenoma in 1.6% (n=1). Serum
TSH levels were significantly higher in the malignant
group (p=0.014).

Nodules smaller than 10 mm tended to be present
in the benign group, although this was not significant.
Cystic nodules tended to be present in the benign
group, while solid nodules tended to be present
in the malignant group (p<0.001). Nodules with
microcalcifications were significantly more malignant
(p<0.001). Iso-hypoechoic, hyperechoic and nodules
with mixed echogenicity were mostly found in the
malignant group; anechoic and hypoechoic nodules
were mostly found in the benign group (p<0.001)
(Table 3).

Different features of the nodules were assessed
in order to determine their usefulness in detecting
malignancy. The sensitivity of nodule diameter to
detect malignancy was 96.8% but specificity was
only 15.3% while positive predictive value (PPV) was
58.4% and negative predictive value (NPV) was 80%.
Similarly, a solid nodule had a sensitivity of 84.3%,
specificity of 62.5%, PPV of 75% and NPV of 75%.
When microcalcification was present, the sensitivity
was 34.8, specificity was 96%, PPV was 91.6%
and NPV was 53.3%. There was a good correlation
between cytological examination results reported
as malign and/or suspicious for malignancy and
nodules that were histologically reported as malignant
(p<0.001) (Table 4). The malignancy rate was 16.2%
for all patients.

When Bethesda 1-2 groups were classified as
benign and 3-4-5-6 groups as malign, histopathological
examination showed that nine patients were diagnosed
as false positive and three patients were diagnosed as
false negative. The sensitivity of FNAB in detecting
pathology was 91%, specificity was 65%, PPV was
76%, NPV was 85%, and the diagnostic accuracy was
79%.

Table 1. Cytology results

Non-

Suspicious for

. . Benign AUS/FLUS SFN - Malign
diagnostic (n=121) 19 s malignancy 4
(n=14) - (n=19) (n=5) (n=26) (0=4)
TSH (uIU/mL) 5.1£3.75 11.7+6.5 2.08+0.3 22.8+13.7 13.8+11.4 3.8+1.03 0.085
fT4 (ng/dL) 1.1+0.1 1.1£0.02 1.5+04 0.9+0.2 1.2+0.05 1.3+0.3 0.086
Nodule diameter (mm) 18.1+24 19.1+0.9 221425 28.7+4.01 24.0£2.5 13+£3.3 0.021
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Table 2. Evaluation of cytology results and ultrasonographic characteristics of nodules

Biopsy
Non-diagnostic  Benign ~ AUS/FLUS  SEN il‘flli’;fllfyfor Malignant
(n=14) (n=121) (n=19) (n=5) (n=26) (n=4)
Nodule diameter (mm)*
>10 (n=22) 86.4 9.1 0 0 45 0.14
<10 (n=181) 7.7 62.4 9.9 33 149 1.7
Nodule parenchyma (%) **
Cystic (n=38) 13.2 71.1 79 2.6 53 0 0.17
Solid (n=119) 5 61.3 8.4 42 18.5 25
Mixed (n=42) 7.1 714 143 0 438 24
Nodule location (%) **
Bilateral (n=43) 23 674 11.6 23 16.3 0 0.95
Right lobe (n=92) 8.7 63 9.8 43 13 1.1
Left lobe (n=42) 7.1 66.7 9.5 24 119 24
Nodule (%) **
Solitary (n=133) 8.3 64.7 83 3 12.8 0.53
Multiple (n=68) 44 66.2 132 29 132 0
Calcification (%) **
Calcification (-) (n=171) 7.6 67.8 10.5 35 94 12 <0.001
Microcalcification (n=30) 33 50 6.7 0 333 6.7
E;ﬁgleecﬁgi"(gfzgy (%) 26 79.5 10.3 0 5.1 26 <0.001
Isoechoic (n=34) 147 441 235 0 17.6
Iso-hyperechoic (n=13) 0 53.8 30.8 7.7 0 7.7
Hyperechoic (n=49) 2 77.6 10.2 0 8.2 2
Anechoic (n=10) 30 50 0 10 10
Mixed echogenicity (n=12) 83 41.7 0 0 50
Nodule Margins (% )**
Regular Margin (n=176) 74 67 10.2 34 10.2 1.7 0.06
Irregular Margins (n=25) 4 52 8 0 32 4
Vascularization (%) **
Avascular (n=159) 6.3 679 8.8 25 12.6 19 0.12
glozt}fz};eripheral-internal 167 25 25 83 25 0
g:t:elrg;ﬂ vascularization 167 583 0 0 25 0
Peripheral vascularization 0 o) 167 56 0 56

(n=18)

*Kruskal-Wallis test **Pearson Chi-square test

J Curr Pediatr 2021;19:354-362
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Table 3. Evaluation of histopathological results with serum TSH and ultrasonographic characteristics of the nodule

Histopathological Results

Benign Malignant p
(n=26) (n=33)
TSH (ulU/mL)* 1.694+1.407 11.866+52.60 0014
Nodule diameter (mm) (%)**
<10 (n=5) 80 20 0.09
>10 (n=54) 40.7 59.3
Nodule Parenchyma (%) **
Cystic (n=10) 90 10 <0.01
Solid (n=35) 229 771
Mixed (n=11) 63.6 364
Nodule location (%) **
Bilateral (n=14) 50 50 0.52
Right lobe (n=26) 34.6 654
Left lobe (n=14) 50 50
Nodule number (% )**
Solitary (n=35) 457 54.3 0.72
Multiple (n=22) 40.9 59.1
Calcification (%)**
No calcification (n=45) 53.3 46.7 <0.01
Microcalcification (n=12) 8.3 91.7
Echogenicity(%)**
Iso-Hypoechoic (n=4) 25 75 <0.01
Hypoechoic (n=9) 66.7 333
Hyperechoic (n=3) 0 100
Isoechoic(n=12) 50 50
Anechoic (n=4) 100 0
Mixed Echoic (n=7) 0 100
Nodule Margins (%) **
Regular Margins (n=45) 489 51.1 0.14
Irregular Margins (n=12) 25 75
Vascularization (% )**
Avascular (n=42) 429 57.1 047
Both Peripheral-Internal (n=5) 20 80
Internal Vascularization (n=4) 50 50
Peripheral Vascularization (n=6) 66.7 333

*Mann-Whitney U **Pearson Chi-square test

Discussion

Although thyroid nodules are rare in childhood, the

rate of malignancy is higher than in adults with rates

ranging from 10% to 50% (1). In arecent Turkish study

with 80 patients, the malignancy rate was reported as
38.8% (11). However, the malignancy rate was lower
at 16.2% in our study although both of these rates fall
within the range reported by Kirkland et al. (1).

J Curr Pediatr 2021;19:354-362
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Table 4. Evaluation of histopathological results and
cytological results

Histopathological results

ge;;lg“ Malignant (33) p
FNAB (%)
Non-diagnostic/
Unsatisfactory 100 0 <0.01
Material (3)
Benign (17) 824 17.6
AUS/FLUS (9) 55.6 44 4
SEN (0) 0 0
Supowlor hs4was
Malignant (3) 0 100

Pearson Chi-square test

Physical examination of a palpable nodule can
provide some information about the malignancy risk.
However, thyroid nodules are mostly impalpable. In
our series, the incidence of palpable thyroid nodule
was 23.6% but there was no association between
biopsy results and palpability of the nodule.

Many studies report that increased TSH is an
important risk factor for differentiated thyroid cancer
in both children and adults (12-16). We found no
association was found between TSH levels and FNAB
results. However, TSH levels were significantly
higher in the malignant group. This is consistent
with the hypothesis that increased TSH can increase
malignancy risk in thyroid nodules.

There are studies investigating the relationship
between autoimmunity and malignancy. In a cohort of
children and adolescents with Hashimoto thyroiditis,
the prevalence of thyroid cancer was reported to be
3% (12). In our study, the prevalence of malignancy
in patients with Hashimoto thyroiditis was 5.7%. It is
important to follow up patients with autoimmunity for
the development of malignancy.

Ultrasonography is an important diagnostic tool to
detect nodules that should be evaluated with FNAB.
There are many studies investigating the relationship
between ultrasonographic findings and biopsy findings.
In a study conducted with 314 children, it was reported
that the malignancy rate was high in solid, solitary,
very hypoechoic nodules with irregular borders
and calcification, when accompanied by multiple
pathological lymph nodes. These authors did not find

J Curr Pediatr 2021;19:354-362

a significant difference between the groups in terms
of characteristics of vascularization (17). Similarly,
there was no relationship between vascularization and
malignancy in our cohort, which is consistent with the
literature.

In our study, calcified nodules were mostly present
in the suspicious for malignancy group, while nodules
with mixed echogenicity were mostly in the benign or
in the suspicious for malignancy groups. This suggests
that, with the exception of calcifications, the features
of the nodule did not help to identify those requiring
examination with FNAB. However, there was
significant overlap between histopathological results
and USG findings. In contrast to adult studies (18), in
children, the risk of malignancy increases as the size
of the nodule increases (17).

Micro-calcified nodules and solid nodules were
mostly present in the malignant group. However,
contrary to the literature (17), hypoechoic nodules
were mostly included in the benign group. Irregular
nodular margins suggest malignancy (11,17). However,
we did not find such a relationship in our study. The
SEN group had the highest mean diameter, while the
malignant group had the lowest mean diameter. Nodule
size (diameter) was sensitive but not specific in our
cohort, possibly because many patients in the benign
group had nodules of greater than 10 mm in diameter.

The vast majority of the nodules reported as
suspicious for malignancy/or malign by FNAB
were found to be in the malignant group following
histopathological examination. This is in keeping
with the results of a meta-analysis that showed that
FNAB was a very sensitive tool to distinguish between
benign and malignant nodules (19). ATA guidelines
still suggest that FNAB is an important diagnostic tool
to decide on surgery (10). In the last ATA guideline,
the risk of malignancy for the AUS/FLUS category
was 5-15%, and lobectomy was recommended for
this group. It was reported that this rate was 35% in
adults, but the risk was reduced if not supported by
ultrasonographic findings (20). However, this category
is a diagnostic dilemma. Suspicious findings on USG
may be supportive for a decision to proceed to surgery
in patients AUS/FLUS cytology. In our study, 44.4%
of patients in the AUS/FLUS cytology group were
found to have malignant nodules on histopathological
examination. This was a remarkably high rate and
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these results suggest that the risk of malignancy
is high in indeterminate cytology in a pediatric
population. However, because of the multicenter
nature of the study, inconsistency in ultrasonographic
and pathological assessments may explain some of
this finding. Lobectomy for nodules with AUS/FLUS
cytology seems to be an appropriate recommendation,
given the results reported here.

Inconsistency in ultrasonographic evaluations
increases the importance of FNAB in distinguishing
between benign and malignant nodules. In our study,
nine patients had false positivite and three patients
had false negative findings based on Bethesda
categories. FNAB was sensitive, specific and accurate
with good PPV and NPV. However, the rate of
malignancy in our patients with AUS/FLUS cytology
was the highest rate reported to date. In addition, the
detection of malignancy in 17.6% of patients with
benign FNAB results indicates that FNAB should
definitely be evaluated together with other diagnostic
tests. When nodules were found to be malignant by
histopathological evaluation, but whose FNAB results
were benign, the nodule size was >40 mm in size. This
indicates that even if the FNAB result is benign, other
features of the nodule should be considered.

USG is a good diagnostic tool for follow-up of
thyroid nodules and identifying the ones that require
FNAB examination. However, USG is very much
operator dependent and therefore may be insufficient
in all patients. Our findings suggest that USG can
be used as a diagnostic tool, but FNAB should
be performed even for the slightest suspicion of
malignancy. FNAB is the most important method for
determining which nodules require surgery. AS has
been previously reported, FNAB in this multicenter
study had high accuracy in detecting malignancy.
However, some nodules that were reported as benign
by FNAB examination were not always benign. We
therefore suggest that more accurate results can be
obtained when the findings from USG and FNAB are
combined.

Study Limitations

Our study has some limitations which include the
lack of data in some patients about previous history of
radiotherapy.

Conclusion

Inconclusion, this study included the largest number
of cases of pediatric thyroid nodules in Turkey. In
addition, it was the first multicenter study investigating
thyroid nodules in children and adolescents in Turkey.
The rate of malignancy in patients with AUS/FLUS
cytology was the highest rate reported to date. These
new finding may contribute to making a surgical
decision.
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