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Abstract 

Background The incidence of thyroid cancer has been increasing among the population less than 20 years of age, 
especially during the second decade of life. Differentiated papillary thyroid cancer is the most common pathology 
in children. It usually presents with thyroid nodules with or without cervical lymphadenopathy. Thyroid nodules carry 
a considerable risk of malignancy in children.

Case presentation We herein report a 5-year-old girl with poorly differentiated papillary thyroid cancer which 
is an extremely rare finding at this age. The patient underwent right thyroid lobectomy followed by left hemi thyroid-
ectomy and right central and lateral neck dissection. Pathologic examination revealed a poorly differentiated papillary 
thyroid carcinoma with nodal deposits.

Conclusion It is essential to raise awareness of proper evaluation and management of thyroid nodules at such 
an age.
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Background
Thyroid cancer is a rare diagnosis in the pediatric popu-
lation. It represents only 1.8% of thyroid cancer occur-
rence in all age groups [1]. Most pediatric thyroid cancer 
cases occur in the population of 10–19 years of age with 
rare occurrences below 10  years of age. Recently, the 
incidence has been increasing in the USA [2]. The ratio 
is higher in females than males being five times more 
common in females during adolescence [3]. Irradiation 
exposure is the most important risk factor for developing 
papillary thyroid carcinoma (PTC) in children [4].

The World Health Organization (WHO) classifies Dif-
ferentiated Thyroid cancer (DTC) into many subtypes 
with Papillary thyroid cancer (PTC) representing 90% of 
the cases, in second place comes Follicular thyroid car-
cinoma (FTC) however uncommon. Medullary thyroid 
carcinoma, poorly differentiated carcinoma, and ana-
plastic carcinomas are rare in young patients [5]. Thyroid 
mass is the most common presentation in children. How-
ever, PTC may commonly present with cervical lymph 
node enlargement with or without a thyroid mass [6].

Poorly differentiated thyroid carcinoma (PDTC) was 
introduced into the WHO classification in 2004, it has 
been considered an intermediate between well-differen-
tiated thyroid carcinoma and undifferentiated thyroid 
carcinoma both morphologically and behaviorally [7]. 
Diagnosis can be made based on Turin Criteria which 
include the presence of the following: (1) solid/trabecu-
lar/insular growth pattern; (2) the absence of nuclear fea-
tures of papillary thyroid carcinoma; and (3) one or more 
of the following three features: convoluted nuclei, mitotic 
index of 3 or more per 10 HPF, and tumor necrosis [8].
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The diagnosis of PDTC is an important prognostic fac-
tor as it carries a much worse prognosis than well-dif-
ferentiated thyroid cancer with a 10-year survival rate of 
50% [9].

Case presentation
A 5-year-old girl presented to our hospital with a painless 
neck swelling dating from 6  months ago. Initial evalua-
tion showed no changes in her appetite, weight, bowel 
habits, or sleep pattern. There were also no associated 
symptoms. The patient’s parents denied any changes in 
her voice or breathing pattern recently, and no history of 
radiation exposure. There was no past history of medical 
diseases. Family history was unremarkable in both par-
ents’ families.

On physical examination, height and weight were 
within normal ranges for age. General examination of the 
patient showed normal appearance, body built, and com-
plexion. Vital signs showed a pulse count of 86, Blood 
pressure of 100/60  mmHg, Temperature of 37.2 ℃, and 
a respiratory rate of 23. Thus, there were no remarkable 
changes that could raise suspicion of hypo or hyperthy-
roidism. She had an olive-sized palpable non-tender right 
thyroid nodule that moved with deglutition, and a few 
lymph nodes were palpated at the right side of the neck 
at levels II and III (upper and middle deep cervical lymph 
nodes).

The thyroid function test results were all within nor-
mal ranges. Neck ultrasonography (Fig.  1) showed an 
enlarged right thyroid lobe with a large solid, wider than 

taller nodule of mixed echogenicity with microcalcifica-
tions (A), its size was about 19 × 14  mm, and radiologi-
cally classified as TIRADS IV, this was accompanied by 
an enlarged upper right upper cervical (B), lower cer-
vical (C), and paratracheal (D) LNs showing cortical 
thickening, and the lower cervical LNs showed similar 
echogenicity to the thyroid nodule.

The clinical and radiologic findings raised the suspicion 
of a malignant thyroid nodule, thus requiring a biopsy. 
Fine needle aspiration cytology was performed showing 
bloody material and no detected atypical cells, Bethesda 
I. Based on the earlier findings, the possibility of carci-
noma could not be excluded and a diagnostic right lobec-
tomy with an intraoperative frozen section was planned 
after MDT discussion and counseling with the patient’s 
family. Since the FNAC results were not conclusive for 
PTC and there were no symptoms or signs suggestive of 
distant metastases, preoperative metastasis workup was 
not recommended for the patient.

A preoperative laryngeal examination was carried out 
by an otolaryngologist and confirmed the presence of 
bilateral freely mobile vocal cords.

The right lobectomy was performed through a Kocher 
collar incision, and the specimen was sent for intraop-
erative frozen section examination. The result was con-
clusive for poorly differentiated papillary thyroid cancer. 
This was followed by a completion left hemithyroid-
ectomy and right central (levels VI and VII) and lateral 
lymph node dissection (levels II, III, and IV) (Fig.  2) 
which was carried out after extending the incision into 

Fig. 1 Neck ultrasonography showing A right thyroid lobe with a single nodule (19 × 14 mm) with cystic and solid parts, ill-defined outline, and foci 
of micro-calcifications. B Right upper cervical lymph nodes and C right lower cervical lymph nodes, both being distorted with abnormal shape 
and absent hila. D Paratracheal lymph nodes
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a hockey stick neck incision in the right side. The recur-
rent laryngeal nerves were identified on both sides and 
marked to be safe and uninjured, the tumor was on the 
anterior surface of the right thyroid away from the right 
recurrent laryngeal nerve. This with the fact that no 
changes happened to the voice or the breathing of the 
child after the surgery disputed the need to perform a 
post-operative laryngeal examination.

Examination of prepared slides from the right lobe 
revealed infiltration by tumor tissue (2.5 × 1.5 × 1 cm) in 
size, formed of atypical epithelial cells, mostly arranged 
in trabecular and insular patterns. These exhibit a mod-
erate degree of nuclear atypia with mitotic activity of 
about 3/10 HPFs. There is difficulty identifying nuclear 
grooving and pseudo inclusions. However, minute foci 
showed an attempt for papillary configuration (< 5% of 
tumor tissue). No significant tumor necrosis. The sur-
rounding thyroid tissue showed unremarkable changes. 
Tumor tissue was seen reaching the capsule, with 
extrathyroidal extension and multiple satellites. No per-
ineural tumor invasion was detected in the examined 
material (Fig.  3). The left lobe revealed variable-sized 
thyroid follicles lined by low cuboidal to flat cells and 
containing eosinophilic colloid. It was free from tumor 
tissue. Free thymic tissue was also noted. Sections 

prepared from the right central nodes revealed infiltra-
tion of ten out of eleven nodes dissected, while five out 
of thirty-four lateral cervical nodes were infiltrated.

The patient was then referred to a nuclear medicine 
physician. Adjuvant radioactive iodine 131 (RAI131) 
therapy was decided since the patient was categorized 
as high risk according to the ATA classification system. 
The activity of RAI therapy was decided to be 30 mci. 
The benefits and risks of RAI131 for the patient and her 
family were discussed with the parents. A whole-body 
scan with SPECT-CT was performed 4  days after RAI 
131 intake showing increased uptake of the tracer at the 
thyroid bed, clear lung fields, no bony metastasis, and 
no uptake by the cervical LNs.

Then the patient started Levothyroxine suppressive 
therapy (75  µg daily). Six months after receiving RAI 
131, an assessment of response was performed with a 
whole-body iodine scan (2 mci), which revealed a com-
plete resolution of the previous uptake seen in the post-
treatment scan. Serum-stimulated thyroglobulin level 
was within normal range and neck ultrasound was free. 
The patient was scheduled for regular follow-up visits 
every 6 months, to be monitored by neck imaging and 
laboratory tests. After more than 1  year of follow-up, 
she was free from local, nodal, or distant recurrence.

Fig. 2 Intraoperative images showing A preoperative assessment of the mass, B right thyroid lobectomy, C lateral neck dissection, and D 
postoperative samples of the left thyroid lobe, central lymph node compartment, and the lateral groups of lymph nodes
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Discussion
Thyroid cancer is not commonly observed in pediat-
rics less than 10  years of age. According to the Surveil-
lance, Epidemiology and End Result Program (SEER), In 
the USA in the period from 2016 to 2020, the incidence 
rate of thyroid malignancies below the age of 10 years is 
0.1 per 100,000. However, the incidence rate from 10 to 
19  years old ranges from 1.0 to 3.4 per 100,000 [10]. A 
recent study by Tawde et al. studied the incidence of thy-
roid cancer in 1175 pediatric patients occurring between 
2000 and 2016 and found that most diagnosed cases lay 
between 15 and 19  years of age [11]. Another study by 
Hogan et al. reviewed 1753 cases of pediatric thyroid car-
cinoma in ages ranging from 0 to 19 years old occurring 
in the period from 1973 to 2004. Only 5.4% of the cases 
were younger than 10  years of age [3]. In our case, the 
patient was 5 years old which is considered a rare age to 
diagnose such a disease.

Many risk factors are attributed to the development 
of thyroid cancer in children. Most importantly, radia-
tion exposure; It was proven that subjection to 10 Gy of 
radioactivity during childhood increases the risk of DTC 
development fifteen times, compared to individuals who 
have never been subjected [12]. In all ages, exposure of 
the neck to radiation increases the risk ten times [13–15]. 
Other risk factors include thyroid diseases (e.g., autoim-
mune thyroiditis) and genetic predisposition (e.g., famil-
ial adenomatous polyposis). Our patient was not exposed 
to any of the known risk factors. Also, she did not have 
any family history that could suggest the presence of a 
familial genetic mutation.

In all the previously mentioned studies, well-differenti-
ated PTC was the most prevalent histological subtype of 
pediatric thyroid cancer [3, 10, 11]. However, in our case, 

the pathology report revealed a poorly differentiated pap-
illary thyroid cancer which is an atypical finding at this 
age. There are a few criteria that may suggest malignancy, 
radiation exposure, and family history of thyroid cancer 
during history taking. The increase in nodule size and 
the presence of any compression manifestations such as 
hoarseness of voice and dyspnea—also, the presence of 
cervical lymphadenopathy may also suggest malignancy 
[16]. Only the presence of enlarged cervical lymph nodes 
was elicited in the patient, this raised the possibility of a 
malignant thyroid nodule.

The current recommendations show that the best diag-
nostic modality after the physical examination is done 
using neck US and FNA cytology if needed [17]. FNA 
cytology is interpreted using the Bethesda scoring sys-
tem; in our case, it got Bethesda score 1, undetermined 
cytology; in these cases, the likelihood of malignancy is 
as low as 20% of reported cases [17]. This percentage, 
however, could not dispel the doubt of malignancy and 
that is why the operation was performed and revealed 
poorly differentiated PTC.

Our patient underwent right thyroid lobectomy with 
an intraoperative frozen section which confirmed the 
malignancy, then went on for a completion left hemithy-
roidectomy with right central and lateral neck dissection. 
The current recommended approach to neck dissection 
in the pediatric age group shows that it is recommended 
to do central neck dissection in case of any preopera-
tive clinical or radiological sign of malignancy. And to 
do lateral neck dissection in cases of proven infiltration 
of them [18]. Adequate central neck dissection has the 
potential to improve the effectiveness of 131I treatment 
for distant metastases and is linked to a lower risk of per-
sistent/recurrent loco-regional illness [19].

Fig. 3 Pathological examination of the right thyroid lobe nodule showing A papillary structures and psammoma bodies, B papillary formation 
and grooving, and C papillae and capsule infiltration
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Pathological examination of the specimen confirmed 
the diagnosis of PDTC according to Turin criteria [7] 
since the specimen included wide areas of insular pat-
tern, near absence of papillary structures, and mitotic 
activity of 3/10 HPF.

According to the American Thyroid Association (ATA) 
stratification system, the patient’s case was classified as 
an ATA pediatric high risk for recurrence and distant 
metastases due to extensive regional disease (n1b) [18]. 
This favored the decision to start RAI therapy. Deter-
mination of the activity may be done empirically (e.g., 
child’s weight in kilograms/70  kg) based on the typical 
adult activity used to treat similar disease extent [20]. An 
adult with the same risk criteria may receive an empiric 
dose (80–120 mci). The patient weighed 23 kg at the time 
of examination. So, the recommended activity should 
be between 26 and 37 mci. Another method is based 
on body weight alone (1.0–1.5 mci/kg). So, the recom-
mended activity based on the second method should be 
between 23 and 35 mci [21]. An average of both methods 
was calculated and started for the patient.

Conclusion
Despite being rare, thyroid cancer should always be put 
into consideration in pediatric patients with neck swell-
ings. Once clinically suspected, neck ultrasonography 
and fine needle aspiration can help reach an accurate 
diagnosis and design an adequate treatment plan for 
such a disease with an exceptionally good prognosis if 
properly managed.
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