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Introduction: Pediatric thyroid carcinoma is a rare malignancy and data on long-term
oncological outcomes are sparse. The aim of this study was to describe the long-term
oncological outcomes of pediatric papillary thyroid carcinoma (PTC) and follicular thyroid
carcinoma (FTC) in a national cohort, and to identify risk factors for recurrence.

Methods: We conducted a nationwide, retrospective cohort study, in which we
combined two national databases. Patients aged <18 years, diagnosed with PTC or
FTC in the Netherlands between 2000 and 2016, were included. pT-stage, pN-stage,
multifocality and angioinvasion were included in a Cox-regression analysis for the
identification of risk factors for recurrence.

Results: 133 patients were included: 110 with PTC and 23 with FTC. Patients with PTC
most often presented with pT2 tumors (24%) and pN1b (45%). During a median follow-up
of 11.3 years, 21 patients with PTC developed a recurrence (19%). Nineteen recurrences
were regional (91%) and 2 were pulmonary (9%). No risk factors for recurrence could be
determined. One patient who developed pulmonary recurrence died two years later.
Cause of death was not captured. Patients with FTC most often presented with pT2
tumors (57%). One patient presented with pN1b (4%). In 70%, no lymph nodes were
collected. None of the patients with FTC developed a recurrence or died.

Conclusion: Pediatric PTC and FTC are two distinct diseases. Recurrence in pediatric
PTC is common, but in FTC it is not. Survival for both pediatric PTC and FTC is very good.
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INTRODUCTION

Pediatric thyroid cancer is rare and represents only 2.3% of all
thyroid cancer diagnoses (1). In children, 85% of the cases are
papillary thyroid carcinoma (PTC) and only 8% are follicular
thyroid carcinoma (FTC) (2). Both types are a form of
differentiated thyroid cancer (DTC) (2).

Pediatric PTC and pediatric FTC exhibit major clinical
differences. Pediatric PTC is generally multifocal, bilateral and
often presents with cervical lymph node metastases (3–5).
Contrarily, pediatric FTC is generally unifocal and is more
prone to hematogenous metastases, mainly to the lungs (3, 6).
Cervical lymph node metastases are less common in children
with FTC (6). In pediatric PTC, recurrence is very common, with
rates ranging from 13% to 37% (4, 5, 7, 8). Conversely, long-term
outcome data of pediatric FTC are very sparse. The limited data
available suggest high survival rates and possibly lower to similar
recurrence rates compared to pediatric PTC (6, 9).

Nevertheless, most previous studies regarding pediatric
thyroid cancer included only patients with PTC or reported on
patients with DTC indiscriminately, as FTC is exceedingly rare.
In addition, most studies included children and adolescents up to
21 years of age.

Consequently, there is a lack of knowledge concerning the
true long-term oncological outcomes of PTC and FTC,
separately, in children younger than 18 years of age.

Therefore, this study aimed to describe the long-term
oncological outcomes of pediatric PTC and pediatric FTC in a
national cohort, and to identify risk factors for recurrence.
METHODS

This study was conducted as retrospective, nationwide,
population-based cohort study and is reported according to the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) guidelines (10). This study has been
approved by the institutional review board of Amsterdam UMC.
Nationwide data of patients with differentiated thyroid
carcinoma between 0 and 18 years of age, in the period from
2000 to 2016, were collected from the ‘Netherlands Cancer
Registry’ (NCR). Recurrence data were collected by matching
the cohort with data from the Nationwide Network and Registry
of Histo- and Cytopathology in the Netherlands (PALGA) (11).
Patients who did not match the PALGA-database were excluded,
because there was no confirmation of pathology or recurrence
data of these patients. Using the database of PALGA and in
consultation with a pathologist, all patients were retrospectively
reclassified in accordance with the staging criteria of the eighth
edition of the TNM classification system (12). According to the
Dutch National guidelines (13, 14), all children were treated in
pediatric tertiary referral centers.

Synchronous metastases were collected from the NCR-database.
Cytology- or pathology proven metachronous metastases were
collected from the PALGA-database. Recurrence was defined as
cytology- or pathology proven recurrence after an interval of six
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months or longer after initial surgery. Regional recurrence was
defined as cytology- or pathology proven recurrence in lymphoid-
or non-lymphoid tissue in one of the cervical lymph node levels of
the neck. Distant recurrence was defined as recurrence outside of
the cervical lymph node levels of the neck. Last date of follow-up for
survival was January 31st 2021. Last date of follow-up for recurrence
was March 15th 2021.

Primary outcome included the disease characteristics,
treatment modalities and long-term oncological outcomes of
children with PTC and FTC, separately. Secondary outcome
included possible risk factors for recurrence for both PTC and
FTC, separately. The following variables were included in the
analysis for risk factors for recurrence: pT-stage, pN-stage,
multifocality and angioinvasion. Extrathyroidal extension is
already imbedded as pT3b in the eight edition of the TNM
classification system (12). The aforementioned variables were
chosen because previous literature suggests an effect on
recurrence for these variables (5, 7, 15, 16) and because we
expected these to be the most relevant.

Statistical Analysis
Patients were stratified according to tumor type. Categorical
variables were expressed as numbers and percentages.
Continuous variables were unanimously non-normally
distributed and therefore expressed as median with interquartile
range. Missing data were excluded from the analysis. A cox-
regression plot was performed on recurrence data. For patients
with multiple recurrences, the time to first recurrence was used.
Patients without recurrence were censored at the last follow-up.
Cox-regression analysis was applied on recurrence data to
determine independent risk factors. Statistical significance was
defined using a 2-sided a = .05 and/or 95% Confidence Interval
(CI). Statistical analysis was performed using SPSS 26.0 software.
RESULTS

The initial cohort consisted of 135 patients. Two patients were
excluded: one patient because there was no match with the
PALGA-database, another patient because of uncertainty about
the diagnosis. In total, 133 patients were included in this study, of
which 110 children with PTC and 23 children with FTC. For
patients with PTC, median age at diagnosis was 15.8 years and
the male to female ratio was 1: 2.8. Two patients had a history of
radiotherapy for a non-thyroid malignancy. For patients with
FTC, median age at diagnosis was 16.2 years and the male to
female ratio was 1: 6.7.

Disease Characteristics
Disease characteristics are shown in Table 1. Most patients with
PTC presented with a pT2 tumor (26 patients; 23.6%). Gross
extrathyroidal extension invading strap muscle (pT3b) and gross
extrathyroidal extension invading subcutaneous soft tissue,
larynx, trachea, esophagus, or recurrent laryngeal nerve (pT4a)
was present in 19 patients (17.3%) and 12 patients (10.9%),
May 2022 | Volume 13 | Article 899506
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respectively. Multifocality of the tumor was present in 43 patients
(39.1%). Angioinvasion was found in 35 patients (31.8%).
Central lymph node metastases (pN1a) were present in 19
patients (17.3%) and lateral lymph node metastases (pN1b) in
49 patients (44.5%). In total, 7 patients with PTC (6.4%)
presented with distant metastases.

Most patients with FTC presented with a pT2 tumor (13
patients; 56.6%). Two patients (8.7%) presented with a pT4a
tumor. Multifocality of the tumor was present in one patient
(4.3%). Angioinvasion was found in 16 patients (69.6%). One
patient (4.3%) with FTC presented with lateral lymph node
metastases. In 16 patients (69.9%), no lymph nodes were
Frontiers in Endocrinology | www.frontiersin.org 3
collected (Nx). Distant metastases at presentation were found
in one patient (4.3%).

Treatment Modalities
Treatment modalities are shown in Table 2. For patients with
PTC, surgery was performed in 99.1%. Three patients (2.7%)
received a hemithyroidectomy as definite surgery. All other
patients received a total thyroidectomy in one or two tempi.
Central- and lateral lymph node dissection was performed in
29.1%. In 9.1%, only central dissection was performed.
Radioiodine remnant ablation (RRA) was given to 86.4% of the
patients with PTC. Two patients solely underwent resection of a
TABLE 1 | Disease characteristics of children with papillary thyroid carcinoma or follicular thyroid carcinoma.

Full cohort (N = 133 patients)

Variables PTC (N = 110) FTC (N = 23)

Age, median (IQR) 15.8 (14.3 – 16.8) 16.2 (11.9 – 16.8)
Female, n (%) 81 (73.6) 20 (87.0)
History of radiotherapy, n (%) 2 (1.8) 0

Fine Needle Aspiration (FNA), n (%) 72 (65.5) 9 (39.1)
Bethesda classification, n (% of total FNA)
Bethesda 1 2 (2.8) –

Bethesda 2 2 (2.8) –

Bethesda 3 4 (5.6) 3 (33.3)
Bethesda 4 9 (12.5) 3 (33.3)
Bethesda 5 9 (12.5) 3 (33.3)
Bethesda 6 46 (63.9) –

FNA cervical lymph node, n (%) 16 (14.5) 1 (4.3)
Tumor positive, n (%) 15 (13.6) 1 (4.3)

No FNA of tumor or FNA of lymph node, n (%) 26 (23.6) 13 (56.5)

pT-stage, n (%)
pT1a 21 (19.1) 2 (8.7)
pT1b 16 (14.5) 1 (4.3)
pT2 26 (23.6) 13 (56.5)
pT3a 13 (11.8) 5 (21.7)
pT3b 19 (17.3) –

pT4a 12 (10.9) 2 (8.7)
pT4b – –

Missing values 3 (2.7)

Multifocality, n (%) 43 (39.1) 1 (4.3)
Angioinvasion, n (%) 35 (31.8) 16 (69.6)

Tumor diameter, mm (IQR) 20 (10.3 – 39.5) 31.5 (24.8 – 44.0)
Missing values, n (%) 22 (20.0) 5 (4.6)

pN-stage, n (%)
pN0 12 (10.9) 6 (26.1)
pN1a 19 (17.3) –

pN1b 49 (44.5) 1 (4.3)
Nx 30 (27.3) 16 (69.6)

M1, n (%) 7 (6.4) 1 (4.3)

Cancer stage, n (%)
Stage I 103 (93.6) 22 (95.7)
Stage II 7 (6.4) 1 (4.3)
May 2022 | Volume 1
Disease characteristics of children (younger than 18 years of age at diagnosis) with papillary thyroid carcinoma or follicular thyroid carcinoma.
PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; n, number of patients; IQR, interquartile range; FNA, Fine Needle Aspiration.
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median neck cyst with an incidental finding of PTC. One patient
with PTC received no treatment.

All patients with FTC received surgery. One patient (4.3%)
received a hemithyroidectomy as definite surgery. Twenty patients
(87.0%) underwent a total thyroidectomy in two tempi. Two
patients (8.7%) directly underwent a total thyroidectomy. One
patient (4.3%) received central- and lateral lymph node
dissection. RRA was given to 87.0% of the patients with FTC.

Long-Term Oncological Outcomes
Long-term oncological outcomes are shown in Table 3. Median
follow-up for patients with PTC was 11.3 years (IQR 7.2 – 14.9).
Frontiers in Endocrinology | www.frontiersin.org 4
During follow-up, 21 patients (19.1%) with PTC developed a
recurrence. Of these patients, nineteen developed a regional
recurrence (90.5% of total recurrences). Two patients (9.5%)
developed a distant recurrence (both pulmonary). Median time
to recurrence was 9 months (IQR 7.0 – 21.5). All recurrences
occurred within 5 years after initial surgery. During follow-up,
one male patient who was diagnosed with a pT1aN0Mx PTC at
age 15 years died. He was treated with a hemithyroidectomy as
definite surgery and developed a pulmonary recurrence 2.5 years
after initial surgery. The patient died 4 years and 9 months after
initial surgery, or 2 years and 3 months after the recurrence.
Because only an overall survival was captured in this database, we
TABLE 2 | Treatment modalities of children with papillary thyroid carcinoma or follicular thyroid carcinoma.

Full cohort (N = 133 patients)

Variables PTC (N = 110) FTC (N = 23)

Surgery, n (%) 109 (99.1) 23 (100)

Total thyroidectomy in one tempo, n (%) 80 (72.7) 2 (8.7)
Total thyroidectomy in two tempi, n (%) 24 (21.8) 20 (87.0)
Hemithyroidectomy as only surgery, n (%) 3 (2.7) 1 (4.3)
Lymph node dissection, n (%) 42 (38.2) 1 (4.3)
Central lymph node dissection, n (%) 10 (9.1) –

Central + lateral lymph node dissection, n (%) 32 (29.1) 1 (4.3)

RRA, n (%) 95 (86.4) 20 (87.0)

Other type of treatment, n (%) 2 (1.8) -
No treatment, n (%) 1 (<1) -
May 2022 | Volume 13 |
Treatment modalities of children (younger than 18 years of age at diagnosis) with papillary thyroid carcinoma or follicular thyroid carcinoma.
PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; n, number of patients; RRA, radioactive Iodine remnant ablation.
TABLE 3 | Long-term oncological outcomes of children with papillary thyroid carcinoma or follicular thyroid carcinoma.

Full cohort (N = 133 patients)

Variables PTC (N = 110) FTC (N = 23)

Follow-up, median in years (IQR) 11.3 (7.2 – 14.9) 9.8 (7.3 – 12.3)

Recurrence, n (%) 21 (19.1) 0
5-year disease-free survival, % 80.9 100
Time to recurrence, median in months (IQR) 9 (7.0 – 21.5) –

Location, n (% of total recurrences)
Regional 19 (90.5) –

Central lymph node 1 (4.8) –

Lateral lymph node 14 (66.7) –

Non-lymphoid tissue 4 (19.0) –

Distant 2 (9.5) –

Consecutive recurrences, n (%)
1 17 (15.5) –

2 3 (2.7) –

3 – –

5 1 (<1) –

7 – –

Death to all causes, n (%) 1 (<1) 0
5-year overall survival, % 99.1 100
Long-term oncological outcomes of children (younger than 18 years of age at diagnosis) with papillary thyroid carcinoma or follicular thyroid carcinoma.
PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; n, number of patients; IQR, interquartile range.
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do not know the cause of death. The disease-free survival rate for
PTC is shown in Figure 1.

Median follow-up for patients with FTC was 9.8 years (IQR
7.3 – 12.3). None of the patients with FTC developed a
recurrence or died during follow-up.

Risk Factors for Recurrence
Risk factor analysis was performed for PTC only, as no
recurrences occurred in patients with FTC. Possible risk factors
for recurrence in PTC are shown in Table 4. Cox-regression
analysis for risk factors of recurrence was performed on pT-
stage, pN-stage, multifocality and angioinvasion. None of the
variables included were identified as risk factors.
DISCUSSION

In this large nationwide study, we described the disease
characteristics, treatment modalities and long-term oncological
outcomes of pediatric PTC and FTC in The Netherlands, and
attempted to determine risk factors for recurrence. Our main
findings are that recurrence in pediatric PTC is common, but in
FTC it is not. Nonetheless, overall survival is very good for both
PTC and FTC. During a median follow-up of 11.3 years, 19.1% of
the patients with PTC developed a recurrence. Median time to
recurrence was 9 months. All patients developed their recurrence
within five years after initial treatment. One patient (<1%)
diagnosed with a pT1aNoMx PTC died two years and three
months after a pulmonary recurrence. We do not know the cause
of death, as this databases did not capture cause of death. For
patients with FTC, no recurrence or death occurred during a
median follow-up of 9.8 years. In a Cox-regression analysis
including pT-stage, pN-stage, multifocality and angioinvasion,
no risk factors for recurrence of PTC could be determined.

The results of this study, in which the nationwide databases of
NCR and PALGA (11) were combined, add to the sparse data on
Frontiers in Endocrinology | www.frontiersin.org 5
the long-term oncological outcomes of pediatric PTC and,
especially, FTC in the Netherlands. In addition, the results of
this study provide more insights in the disease characteristics and
the treatment management of pediatric PTC and FTC.

Our finding that 62% of the patients with PTC presented with
lymph node metastases, is in line with previous studies, showing
rates between 58% - 86% of lymph node metastases at presentation
(4, 5, 8). However, in this study, only one patient with FTC (4.3%)
presented with lymph node metastases. As pediatric FTC is
exceedingly rare, there are only few studies on FTC in pediatric
age and most are cases series (6, 9, 17, 18). In the two most recent
studies includingpediatric andadolescentpatientswithFTC(under
21 years of age), 1 of 20 patients (5%) and none of 30 patients
presented with lymph node metastases, respectively (6, 9).

During a median follow-up of 11.3 years, the recurrence rate
for patients with PTC was 19%. Previous reported recurrences
rates of pediatric PTC vary widely from 13% to 37%, mainly due
to differences in age distribution, different definitions of
recurrence and varying duration of follow-up (4, 5, 7, 8). In
this study, the median time to recurrence was 9 months and all
recurrences occurred within five years after initial surgery.
Interestingly, though, Hay et al. (4) and Sugino et al. (7), both
reported a 10-, 20- and 30-year disease-free survival of pediatric
PTC and found that recurrences occurred up to 30 years after
initial treatment, underlining the indolent nature of the disease.
Therefore, it is possible that even with our relative long median
follow-up of 11.3 years, the reported recurrence rate of 19.1%
might be an underestimation of the eventual recurrence rate for
pediatric PTC.

Regional recurrences in pediatric PTC seem to have no effect
on disease-specific survival (4, 19), but it does necessitate
additional treatment, increasing the change of postoperative
complications after surgery and even secondary malignancies
after RRA (20). Distant spread seems to be associated with a
lower disease-free survival (4, 7), but data are controversial
(19, 21).
FIGURE 1 | The disease-free survival rate for children with papillary thyroid carcinoma. Cox-regression plot for the disease-free survival rate in children (younger than
18 years of age at diagnosis) with papillary thyroid cancer.
May 2022 | Volume 13 | Article 899506
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To the best of our knowledge, only two previous studies
reported long-term oncological outcomes of pediatric FTC.
Enomoto et al. (6) reported outcomes of 20 children and
adolescents (under 21 years old) with FTC with a median
follow-up of 23.5 years and found a recurrence rate of 15% (3
of 20 children). These recurrences occurred at 6 years, 14 years
and 24 years after initial surgery. The 30-year disease specific-
survival was 100%. Contrarily, Spinelli et al. (9) reported
outcomes of 30 children (aged younger than 19 years) with
FTC with a mean follow-up of 6 years and found no recurrences
and an overall survival of 100%. These results indicate that
pediatric FTC, as well as pediatric PTC, is a very indolent
disease. Consequently, it is possible that the follow-up of
Spinelli et al. (9) and that of the present study are too short to
report an accurate recurrence rate for pediatric FTC.

In the present study,we only attempted to determine risk factors
for recurrence of PTC, as no recurrences occurred in patients with
FTC. However, we could not determine any risk factors for
recurrence of PTC (Table 4). This is in contrast with previous
studies that found multifocality, extrathyroidal extension and
lymph node metastases as risk factors for recurrence of pediatric
PTC (5, 7, 15, 16). In addition,Wang et al. (16) andRubinstein et al.
(5) found younger age and non-Caucasian race as risk factors for
recurrence, respectively. However, the aforementioned studies
included pediatric and adolescents patients (under 21 years of
age) or analyzed risk factors for DTC indiscriminately.

It is generally excepted that the clinical behavior of PTC in
children is different from that of PTC in adults. Pediatric PTC
tends to present with larger tumors and more often with regional
or distant spread. Interestingly, 30-year cause-specific survival is
better in children than in adults, despite the more advanced
presentation (19). In this study, we reported high rates of
regional and distant spread and high recurrence rates of
pediatric PTC, which add to the belief that PTC in children
might have a different clinical behavior than in adults. As FTC is
very rare, studies that directly compare children with adults do
not exist. However, studies of adult patients with FTC show
similar patterns of metastasis compared to children, as FTC
rarely metastasize to the cervical lymph nodes, but more often
hematogenous to bones and lungs (22–24).

There are some limitations to this study. Firstly,
Thyroglobulin levels were not captured in this database, nor
were Iodine scans. Therefore, it is possible that we missed some
Frontiers in Endocrinology | www.frontiersin.org 6
patients that presented with biochemical recurrences or
distant recurrences, which are not always confirmed with
histopathology. In that case, the recurrence rate of 19.1%
would be an underestimation. In addition, it is possible that
some patients with an early recurrence presented with persistent
disease rather than recurrent disease. We could not differentiate
between an early recurrence or persistent disease, as we had no
Tg-values or Iodine scans to define a period of no evidence of
disease. However, it is expected that any residual disease is
treated within six months of diagnosis. Secondly, cause of
death was not captured in this database. Therefore, we cannot
make a definite statement about the cause of death of the patient
that died two years and three months after a pulmonary
recurrence of PTC. Thirdly, our long follow-up of 11.3 years
for PTC and 9.8 years for FTC, respectively, might not be
sufficient to determine all recurrences and mortality, as
pediatric PTC and FTC are very indolent diseases. However, it
is expected that only a very small proportion of the patients
develops a recurrence or dies after 10 years of follow-up, as all
recurrences and mortality in this study occurred during the first
5 years after initial surgery.
CONCLUSION

In conclusion, the results of this nationwide study show that
pediatric PTC and FTC are two very distinct diseases with
different long-term oncological outcomes. Recurrence is very
common in children with PTC. Contrarily, during follow-up, no
recurrences occurred in children with FTC. Both pediatric PTC
and FTC have a very high survival rate. Only one patient with
PTC died to any cause two years and three months after a
pulmonary recurrence. In this study, no risk factors for
recurrence could be determined. Based on our results, we
propose that pediatric PTC and FTC should not be grouped
together as DTC indiscriminately when determining long-term
oncological outcomes. More research with a follow-up longer
than 10 years should be conducted to reveal the oncological
outcomes of pediatric FTC. As the survival rate in pediatric PTC
is very high, future research should focus on the factors
differentiating between patients at risk for recurrence and
patients not at risk. Conducting these studies could lead to
more a personalized treatment of both pediatric PTC and FTC,
TABLE 4 | Risk factors for recurrence in children with papillary thyroid carcinoma.

Risk factors Hazard ratio P - value

pT1b 2.7 (0.4 – 16.9) .278
pT2 1.3 (0.2 – 7.7) .791
pT3a 2.0 (0.3 – 14.2) .496
pT3b 2.0 (0.3 – 12.6) .440
pT4a 5.6 (1.0 – 31.2) .051
pN1a 1.3 (0.3 – 6.0) .749
pN1b 2.1 (0.5 – 8.1) .277
Multifocality 1.3 (1.0 – 1.7) .093
Angioinvasion 0.8 (0.3 – 2.2) .628
May 2022 | Volume 13 | Artic
Cox-regression analysis for risk factors for recurrence in children (younger than 18 years at diagnosis) with papillary thyroid carcinoma.
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thereby improving the oncological outcomes of our high risk
patients while reducing overtreatment of our low risk patients.
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