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What is already known on this topic?
Differentiated thyroid cancer has a good prognosis in the pediatric population even in the presence of metastatic disease. For this reason, 
an individualized risk-based approach is recommended to select patients for additional therapy. Lymphovascular invasion is usually not 
considered, despite being a well-known risk factor in the adult population.

What this study adds?
Our study describes the outcomes of a cohort of patients diagnosed at pediatric age and suggests that lymphovascular invasion may be 
associated with a higher risk of persistence/recurrence and should therefore be considered for decision making.
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Abstract
Objective: Differentiated thyroid cancer (DTC) is the most common pediatric endocrine cancer but studies are scarce. Latest 
recommendations advocate for an individualized risk-based approach to select patients for additional therapy. Lymphovascular invasion 
is not considered, despite being a well-known risk factor in the adult population. The aim of this study was to describe the outcomes of 
a cohort of DTC patients diagnosed at pediatric age and to evaluate the impact of lymphovascular invasion on the risk of persistence/
recurrence.
Methods: A retrospective study of patients diagnosed with DTC at pediatric age from 2010 to 2022 at a single center was performed. All 
patients had total thyroidectomy. Radioactive iodine therapy (RAI) was used in selected patients. The response to therapy and occurrence 
of persistent/recurrent disease were evaluated.
Results: A total of 21 DTC were diagnosed, mostly papillary thyroid carcinoma (PTC) (81.0%, n=17). Six patients (28.6%) had nodal 
involvement and one (4.8%) had lung metastasis at the time of the diagnosis. Lymphovascular invasion was present in 11 patients 
(52.4%). After surgery, 13 patients (61.9%) underwent RAI. The mean follow-up time was 5.7±3.1 years. In total, 6 patients (31.6%) 
experienced persistent/recurrent disease during the follow-up time. Among PTC patients, persistent/recurrent disease was more frequent 
in the presence of lymphovascular invasion [55.6% (5/9) vs. 0.0% (0/6), p=0.031].
Conclusion: An individualized risk-based approach is recommended. Our study suggests that lymphovascular invasion may be associated 
with a higher risk of persistence/recurrence and should therefore be considered for decision making in children and adolescents with 
PTC.
Keywords: Differentiated thyroid cancer, papillary thyroid cancer, children and adolescents, pediatric, lymphovascular invasion, 
persistence, recurrence
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Introduction

Differentiated thyroid cancer (DTC) is the leading cause of 
pediatric endocrine cancer, accounting for over 6% of all 
pediatric cancers (1). Among 15- to 19-year-old adolescents, 
thyroid cancer is the eighth most frequently diagnosed 
cancer and the second most common among girls (1,2). 
However, pediatric papillary thyroid cancer (PTC) is still a 
rare disease.

The most common presentation of DTC in children and 
adolescents is a thyroid nodule. However, DTC also frequently 
presents as cervical adenopathy with or without a palpable 
thyroid lesion or as an incidental finding after imaging or 
surgery for an unrelated condition (3). The most common 
subtype of DTC is PTC, accounting for 90% or more of all 
childhood cases (4,5). Follicular thyroid carcinoma (FTC) 
and oncocytic follicular Hürthle cell carcinoma (OFTC) are 
less frequent (4,5).

When compared to adult patients, children and adolescents 
with DTC are more likely to have regional lymph node 
involvement, extrathyroidal extension and distant 
metastasis, thereby requiring the use of more aggressive 
treatment (3,4,5,6,7,8,9). However, the pediatric population 
with thyroid cancer is at very low risk of death and at 
higher risk for long-term harm from aggressive treatment. 
(3,4,5,6,7,8,9). Thus, more conservative strategies, including 
lobectomy and less radioactive iodine therapy (RAI) use, 
have been advocated. 

Due to the lack of clinical trials, treatment options remain 
controversial. The latest American Thyroid Association 
(ATA) guidelines advocate for an individualized risk-based 
approach to identify patients who are likely to benefit from 
additional staging and therapy, after accurate preoperative 
staging for regional disease and appropriate surgery (10). 
These guidelines define three Pediatric risk levels: “Low 
risk”, “Intermediate risk” and “High risk” (Table 1) with a 
more conservative strategy with less RAI use in low-risk 
patients. The assignment of a pediatric risk level results 
from the pathologic findings and postoperative clinical data. 
Nevertheless, only the extension of the primary tumor and 
the presence of nodal involvement and distant metastasis 

(TNM classification) are considered. Lymphovascular 
invasion is not considered in these recommendations, 
despite being a well-known risk factor for recurrence in the 
adult population with PTC (11,12,13,14,15). Most recently, 
European guidelines for the management of DTC have 
been published (16). However, although these include risk 
stratification based on some histological characteristics and 
subtypes, they again do not take lymphovascular invasion 
into account. Furthermore, specific recommendations 
on prophylactic RAI are not included due to the scarce 
evidence.

The criteria for diagnosing vascular invasion in thyroid 
carcinomas are poorly defined. Vascular invasion has been 
used by histopathologists to describe venous invasion 
exclusively, but also to describe lymphatic invasion 
sometimes (11,12,13,17). Moreover, distinguishing 
venous invasion from lymphatic invasion is not always 
straightforward, making it sometimes impossible to provide 
a clear classification (18). Therefore, specific information on 
the type of vascular invasion presented is often absent from 
histopathology reports.

The aim of this study was to describe the outcomes of a cohort 
of DTC patients diagnosed at pediatric age. A secondary aim 
was to evaluate the impact of lymphovascular invasion on 
the risk of PTC persistence/recurrence in this population. 

Methods

Patients

A retrospective study of patients diagnosed with DTC at 
pediatric age was conducted, covering the period from 
January 2010 to July 2022 at the Pediatric Hospital of 
Coimbra, Portugal. Patients included in this study needed 
to meet the following criteria: (1) histopathological 
confirmation of DTC, including PTC, FTC or OFTC; and (2) 
under the age of 18 years at diagnosis.

All the patients participating in this study underwent 
total thyroidectomy by experienced thyroid surgeons. 
Therapeutic central and lateral neck lymph node dissection 
was performed in case of malignant cytology and clinical 

Table 1. ATA pediatric thyroid cancer risk levels (11)

ATA pediatric risk level Definition

Low risk Disease grossly confined to the thyroid with N0/Nx disease or patients with incidental N1a disease (microscopic 
metastasis to a small number of central neck lymph nodes) 

Intermediate risk Extensive N1a or minimal N1b disease 

High risk Regionally extensive disease (extensive N1b) or locally invasive disease (T4 tumors), with or without distant metastasis

“Risk” is defined as the likelihood of having persistent cervical disease and/or distant metastases after initial total thyroidectomy - lymph node dissection by an 
experienced thyroid surgeon and is not the risk for mortality, which is extremely low in the pediatric population. 
ATA: American Thyroid Association
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evidence of gross extrathyroidal invasion and/or locoregional 
metastasis on preoperative staging or intraoperative 
findings. Prophylactic neck dissections were not performed 
in any of the patients.

The tumor stage was classified according to the American 
Joint Committee on Cancer TNM (AJCC/TNM) staging system, 
7th Edition. Patients with PTC were also classified according 
to the ATA pediatric thyroid cancer risk levels as “Low risk”, 
“Intermediate risk” or “High risk”. The tumor was also 
evaluated for multifocality, lymphovascular invasion and 
extrathyroidal extension. The term lymphovascular invasion 
was used to describe venous and/or lymphatic invasion.

RAI therapy was used in selected patients after 
multidisciplinary discussion, followed by iodine whole-body 
scan. No patients received chemotherapy or kinase inhibitor 
therapy. Thyroid stimulating hormone suppression therapy 
was performed in all patients for at least five years.

Follow-up and Clinical Outcomes

Follow-up visits were performed every 3-6 months for at 
least three years and then annually. Upon turning 18 years-
old, care was transitioned to adult endocrinology. During 
the follow-up period, laboratory tests, including serum 
thyroglobulin (Tg) and Tg antibody measurement, and 
ultrasound of the neck were performed. Fine-needle biopsy 
was used in the presence of suspicious lymph nodes or 
nodules in the neck area.

The response to therapy was evaluated at 12 months after 
surgery and at the last follow-up visit and classified as “no 
evidence of disease” or “persistent/recurrent disease”. The 
persistent/recurrent disease was defined as any evidence 
of structural disease on imaging with or without abnormal 
biochemical findings after initial surgery. Persistent/

recurrent disease at any time during follow-up was also 
evaluated and classified as locoregional or distant disease. 
To evaluate the outcomes, patients with a follow-up of less 
than one year were excluded.

The protocol was approved by the Ethics Committee of 
Centro Hospitalar Universitário de Coimbra (OBS.SF.135-
2022, 03.11.2022). Patient consent was waived by the Ethics 
Committee due to the retrospective nature of the study and 
full data anonymization.

Statistical Analysis

Statistical analysis was conducted using Statistical Package 
for Social Sciences software version 27.0 (IBM Inc., Armonk, 
NY, USA). For continuous quantitative variables, distribution 
normality was tested through histogram observation and 
kurtosis and skewness analysis. The results are presented as 
mean±standard deviation or median (interquartile range).

The goodness of fit χ2 -test was used to compare frequencies 
between the groups with and without persistent/recurrent 
disease. Student’s t-test for independent variables and 
Mann-Whitney test were used to compare continuous 
variables with normal and non-normal distribution between 
the two groups, respectively. A two-sided p value <0.05 was 
considered statistically significant.

Results

Sample Characteristics

During the study period, a total of 21 DTCs were diagnosed at 
pediatric age. The median age at initial diagnosis was 16 [14-
16] years (minimum-maximum: 8-17 years). The majority of 
patients were female (85.7%, n=18). The clinicopathologic 
characteristics of the patients are presented in Table 2.  

Table 2. Clinicopathologic characteristics of the patients

n=21

Age (years) 16 [14-16]

Female gender (%, n) 85.7% (18/21)

History of any cancer in first degree relatives (%, n) 23.8% (5/21)

Reason for diagnosis (%, n)
 Indeterminate or suspicious thyroid nodule on fine needle aspiration cytologya

  Atypia of undetermined significance
  Follicular neoplasm
  Malignant

76.2% (16/21)
9.5% (2/21)
23.8% (5/21)
42.9% (9/21)

 Incidental diagnosisb

  Thyroidectomy for benign multinodular goiter
  Thyroidectomy for PTEN syndrome
  Thyroidectomy for Grave’s disease

23.8% (5/21)
14.3% (3/21)
4.8% (1/21)
4.8% (1/21)

Surgery (%, n)
 Total thyroidectomy
 Central lymphadenectomy
 Lateral lymphadenectomy

100% (21/21)
19.0% (4/21)
9.5% (2/21)
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An indeterminate or suspicious thyroid nodule on fine 
needle aspiration cytology was the most frequent reason 
that led to diagnosis (76.2%, n=16). All patients received 
total thyroidectomy. Therapeutic central and lateral neck 
lymph node dissection were performed in 4 (19.0%) and 2 
(9.5%) patients, respectively.

On histopathology, the most frequent subtype of DTC was 
PTC (81.0%, n=17), mostly classic variant (61.9%, n=13). 
No high-risk variants were observed. Five patients (23.8%) 
had multifocal PTC. Three patients (14.3%) were diagnosed 
with minimally invasive FTC, and one (4.8%) with OFTC. 
The median size of the largest dominant tumor was 16 
[12-32] mm. Four patients (19.0%) had microcarcinoma. 
Lymphovascular invasion was present in 11 (52.4%) and 
extrathyroidal extension in 7 (33.3%) patients. Six patients 
(28.6%) had nodal involvement at the time of the diagnosis. 
One patient (4.8%) had N1a disease and 5 patients (23.8%) 
N1b disease. Among patients with reported lymphovascular 

invasion, 6 (54.5%) had nodal involvement. The others 
were classified as Nx since it was not possible to evaluate 
regional lymph nodes on histopathology. According to the 
ATA pediatric thyroid cancer risk levels, the majority of 
the patients with PTC (64.7%, 11) had low risk of having 
persistent cervical disease and/or distant metastases after 
initial total thyroidectomy/lymph node dissection. After 
surgery, 13 patients (61.9%) underwent RAI. Iodine whole-
body scan revealed cervical lymph node metastasis in 7 
patients (33.3%) and lung metastasis (M1) in one (4.8%). 
RAI tended to be used more frequently in ATA intermediate 
and high-risk groups [“low risk” 45.5% (5/11), “intermediate 
risk” 100% (2/2), “High risk” 100% (4/4), p=0.05].

Clinical Outcomes of the Cohort

Two patients had been recently diagnosed with PTC at 
the time of the study and were excluded from the follow-
up analysis. The mean follow-up time in the remainder 

Table 2. Continued

n=21

Histopathology (%, n)
 PTC
  Classic variant
  Follicular variant
 FTC (minimally invasive)
 OFTC

81.0% (17/21)
61.9% (13/21)
19.0% (4/21)
14.3% (3/21)
4.8% (1/21)

Multifocality (%, n) 23.8% (5/21)

Largest size of the dominant tumor (mm) 16 [12-32]

Lymphovascular invasion (%, n) 52.4% (11/21)

Extrathyroidal extension (%, n)
 Minimal

33.3% (7/21)
23.8% (5/21)

TNM classificationc (%, n)
 T
  T1a
  T1b
  T2
  T3
  T4a
 N
  Nx
  N0
  N1a
  N1b
 M
  Mx
  M0
  M1

14.3% (3/21)
23.8% (5/21)
28.6% (6/21)
23.8% (5/21)
9.5% (2/21)

52.4% (11/21)
19.0% (4/21)
4.8% (1/21)
23.8% (5/21)

38.1% (8/21)
57.1% (12/21)
4.8% (1/21)

ATA pediatric thyroid cancer risk levelsd (%, n)
 Low risk
 Intermediate risk
 High risk

64.7% (11/17)
11.8% (2/17)
23.5% (4/17)

RAI after surgery (%, n) 61.9% (13/21)

Data are presented as median, 25th and 75th percentiles. aFine needle aspiration cytology according to the criteria of the Bethesda System for Reporting Thyroid 
Cytopathology; bNo identifiable nodules on thyroid ultrasound or previous benign cytology; cAmerican Joint Committee on Cancer TNM (AJCC/TNM) stating system, 7th 
edition; dApplied to children and adolescents with PTC.
PTC: papillary thyroid carcinoma, FTC: follicular thyroid carcinoma, OFTC: oncocytic follicular Hürthle cell carcinoma, ATA: American Thyroid Association, RAI: radioactive 
iodine therapy
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was 5.7±3.1 years, ranging from 13 months to 10 years. 
Twelve months after surgery, the majority (78.9%, 15) had 
no evidence of disease, while 4 (21.1%) had persistent/
recurrent disease. At the last follow-up visit, only 3 (15.8%) 
had persistent/recurrent disease. Overall, 6 DTC patients 
(31.6%) experienced persistent/recurrent disease during 
the follow-up time, all but one of them with PTC. Their 
characteristics are summarized in Table 3. Four of them had 
persistent locoregional disease after initial surgery and RAI; 
one patient underwent supplementary neck dissection and 
additional RAI and was disease-free by the end of seven 
years of follow-up; another exhibited no evidence of disease 
after a single additional RAI. The latter patient had minimally 
invasive FTC and it was not clear if the persistent tissue 
was malignant or not. Two patients received additional RAI 
and achieved stable disease by the end of the follow-up, 
at 13 months and 10 years. One patient had persistent 
locoregional and pulmonary disease after initial surgery 

and RAI. Supplementary neck dissection and additional RAI 
were performed. By the end of the follow-up (5 years), the 
patient had no evidence of locoregional disease and stable 
pulmonary disease. Despite an undetectable level of Tg, 
one patient presented with a suspicious lymph node in the 
neck area two years after initial treatment. Supplementary 
neck dissection confirmed recurrent locoregional disease 
with a PTC. At the time of the study (9 years follow-up), 
there was no evidence of disease. In conclusion, at the last 
follow-up visit, 16 patients (84.2%) had no evidence of 
disease, 2 patients (10.5%) had stable locoregional disease 
and 1 patient (5.3%) had stable pulmonary disease, despite 
adequate treatment according to evidence-based guidelines. 
None of the patients had a persistent elevated Tg level 
without structural disease. The clinical outcomes of the 
follow-up are presented in Table 4. 

Table 3. Clinical characteristics of the patients that experienced persistent/recurrent disease during the follow-up

Sex Age at 
diagnosis

Tumor and 
stagea

Lymphadenectomyb Lymphovascular 
invasion

Initial 
treatment

Persistence/
recurrence

Diagnosis Additional 
treatments

Last-follow-up 
visit

Female 15 PTC T2Nx No Yes Surgery + 
RAI

Persistent 
disease

Neck RAI 
avid disease 
after initial 
RAI

Surgery + 
RAI

No evidence of 
disease (7 years)

Female 8 FTC T1bNx No Yes Surgery + 
RAI

Persistent 
disease

Neck RAI 
avid disease 
after initial 
RAI

RAI No evidence 
of disease (11 
years)

Female 16 PTC T2N1a No Yes Surgery + 
RAI

Persistent 
disease

Neck RAI 
avid disease 
after initial 
RAI

RAI Stable 
locoregional 
disease (1 year)

Female 12 PTC T2Nx No Yes Surgery + 
RAI

Persistent 
disease

Neck RAI 
avid disease 
after initial 
RAI

RAI Stable 
locoregional 
disease (10 
years)

Female 9 PTC T4aN1b Yes Yes Surgery + 
RAI

Persistent 
disease

Neck and 
pulmonary 
RAI avid 
disease after 
initial RAI

Surgery + 
RAI

No evidence 
of locoregional 
disease 
and stable 
pulmonary 
disease (5 years)

Male 13 PTC T3N1b Yes Yes Surgery + 
RAI

Recurrent 
disease

Cytology 
diagnosis of 
locoregional 
disease after 
suspicious 
neck 
ultrasound, 
despite 
undetectable 
level of Tg, 
2 years after 
surgery

Surgery No evidence of 
disease (9 years)

aAmerican Joint Committee on Cancer TNM (AJCC/TNM) stating system, 7th edition; bCentral and/or lateral lymphadenectomy in addition to total thyroidectomy.
PTC: papillary thyroid carcinoma, FTC: follicular thyroid carcinoma, RAI: radioactive iodine therapy, Tg: thyroglobulin
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Risk Factors of Persistent/Recurrent Disease in PTC

Among PTC patients, there were no significant differences 
of persistent/recurrent disease between ATA risk groups 
[“Low risk” 22.2% (2/9), “Intermediate risk” 50.0% (1/2), 
“High risk” 50.0% (2/4), p=0.44]. Comparison between 
PTC patients with and without lymphovascular invasion 
showed that persistent/recurrent disease was more frequent 
in patients with lymphovascular invasion [55.6% (5/9) vs. 
0.0% (0/6), p=0.031] (Figure 1). Similarly, the comparison 
between PTC patients with and without persistent/
recurrent disease showed that lymphovascular invasion 
was more frequent in the persistence/recurrence group  

[“Persistent/recurrent disease” 100% (5/5), “No evidence of 

disease” 40.0% (4/10), p=0.031]. Additionally, this group 

tended to be younger at diagnosis, although the difference 

was not significant [“Persistent/recurrent disease” 13 

(12-15) years, “No evidence of disease” 16 (15-17) years, 

p=0.075]. There were no differences regarding gender, 

multifocality, size of the tumor, extrathyroidal extension, 

lymphadenectomy, nodal involvement, RAI use after 

surgery or follow-up time (Table 5). Due to the sample size, 

a logistic regression model was not possible to perform.

Table 4. Follow-up clinical outcomes of the patients with DTC

n=19

Follow-up time (years) 5.7±3.1

Response to therapy (%, n)
 12 months after surgery
  No evidence of disease
  Persistent/recurrent disease
 At the last follow-up visit
  No evidence of disease
  Persistent/recurrent disease

78.9% (15/19)
21.1% (4/19)

84.2% (16/19)
15.8% (3/19)

Persistent/recurrent disease at any time of the follow-up (%, n)
 Type
  Persistent disease
  Recurrent disease
 Location
  Locoregional disease
  Locoregional and distant disease (pulmonary)

31.6% (6/19)

26.3% (5/19)
5.3% (1/19)

26.3% (5/19)
5.3% (1/19)

Data are presented as mean±standard deviation.
DTC: differentiated thyroid cancer

Figure 1. Comparison between patients with and without lymphovascular invasion

PTC: papillary thyroid carcinoma, FTC: follicular thyroid carcinoma, OFTC: oncocytic follicular Hürthle cell carcinoma
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Discussion

Since pediatric DTC is a rare disease, published data are 
scarce and from retrospective cohorts. To the best of our 
knowledge, there are no randomized controlled clinical 
trials for the treatment of children and adolescents with 
DTC. Nevertheless, retrospective studies of therapeutic 
options have led to reconsideration of the former concept 
that all children with DTC should be similarly treated (10). 
Although children and adolescents are more likely to have 
aggressive disease, pediatric thyroid cancer is associated 
with a very low risk of death (3,4,5,6,7,8,9,10). The 
challenge is to provide aggressive therapy when warranted 
and to limit overtreatment of those who are unlikely to 
benefit (3,4,5,6,7,8,9,10).

The latest ATA guidelines advocate for an individualized, 
risk-based approach combining histopathological findings 
and postoperative clinical data to identify patients who 
are likely to benefit from additional staging and therapy 
(10). Current ATA recommendations are founded on well-
accepted approaches to therapy in adults, as well as personal 
experience in certain pediatric practices (10,19,20). 
However, the pediatric risk stratification considers only 
the extension of the primary tumor, the presence of nodal 
involvement and distant metastasis (TNM classification) (10). 
Other factors, such as lymphovascular invasion and minimal 
extrathyroidal extension are not considered, despite being 
well-known risk factors of recurrence in the adult population 
with PTC (11,12,13,14,15). Recently, European guidelines for 
the management of DTC in children and adolescents were 
published. However, they also do not take lymphovascular 
invasion into account for risk stratification (16).

Our retrospective study described the outcomes of a DTC 
cohort of children and adolescents diagnosed and treated 

in a pediatric reference center in Portugal, with a median 
follow-up of 6 years. In accordance with the literature, our 
cohort was essentially constituted by adolescents and female 
patients (3,4,5,6,7,8,9,10). As expected, PTC was the most 
frequent subtype (3,4,5,6,7,8,9,10). At the last follow-up 
visit, the majority had no evidence of disease and none had 
died from thyroid cancer, confirming the good prognosis of 
DTC in children and adolescents (3,4,5,6,7,8,9,10). Overall, 
six patients experienced persistent/recurrent disease during 
the follow-up. However, only three patients had active, but 
stable disease at the last follow-up visit.

All children and adolescents in our series underwent total 
thyroidectomy and the majority (62%) received RAI. 
However, central and lateral neck lymph node dissection were 
less commonly performed in our series (19%), compared 
to other studies, where lymphadenectomy was performed 
in more than 80% of the patients (21,22). Furthermore, 
only about a third of the patients in our series had nodal 
involvement at the time of the diagnosis, compared to 53-
98% of the patients in other studies. (22,23,24,25,26,27). 
However, our cohort presented with a higher persistence/
recurrence rate during follow-up in comparison with other 
studies (31.6% vs. 17-30%), suggesting that other factors 
must be considered for risk determination in addition to 
nodal involvement (10,22). Furthermore, according to the 
ATA pediatric risk groups, two of the PTC patients with 
persistent/recurrent disease in our series would have been 
classified as “Low risk”, possibly delaying further staging 
and treatment. This highlights the importance of considering 
other factors for persistence/recurrence risk determination 
in this population.

In the present study, persistent/recurrent disease was more 
frequent in PTC patients with lymphovascular invasion (56% 
vs. 0%). This suggests that lymphovascular invasion may 

Table 5. Comparison of the clinical characteristics of PTC patients with and without persistent/recurrent disease during the 
follow-up time

Persistent/recurrent disease No evidence of disease p

Age (years) 13 [12-15] 16 [15-17] 0.075

Female gender (%, n) 80.0% (4/5) 80.0% (8/10) 1.000

Multifocality (%, n) 40.0% (2/5) 10.0% (1/10) 0.242

Largest size of the dominant tumor (mm) 32 [26-35] 22 [8-33] 0.254

Lymphovascular invasion (%, n) 100.0% (5/5) 40.0% (4/10) 0.031

Extrathyroidal extension (%, n) 40.0% (2/5) 40.0% (4/10) 1.000

Lymphadenectomy (%, n) 40.0% (2/5) 20.0% (2/10) 0.560

Nodal involvement (%, n) 60.0% (3/5) 30.0% (3/10) 0.329

RAI after surgery (%, n) 100.0% (5/5) 60.0% (6/10) 0.231

Follow-up time (years) 6.4±3.6 4.5±2.7 0.270

Data are presented as mean±standard deviation or as median, 25th and 75th percentiles.
RAI: radioactive iodine therapy, PTC: papillary thyroid carcinoma
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be associated with a higher risk of persistence/recurrence 
and should therefore be considered for decision making in 
children and adolescents with PTC. Moreover, patients with 
persistent/recurrent disease tended to be younger, although 
the difference was not significant. Further research is 
needed to clarify whether younger age portends greater 
risk for extensive and recurrent disease, as suggested by 
other studies (4,8,28,29). In contrast to other studies, no 
significant differences were found regarding multifocality 
and the size of the tumor, probably due to the small size of 
our cohort (10).

In addition, our study contrasts with Redlich et al. (25), a 
German multicenter study, in which multivariate analysis 
revealed ATA high-risk level as a significant negative 
prognostic factor for event-free survival in pediatric patients 
with DTC. The small size of our cohort may explain this 
discrepancy. However, we have to consider the possibility 
that the risk of recurrence/persistence is underestimated 
in our cohort. The less aggressive strategy adopted in our 
sample, with lymph node dissection performed in a minority 
of cases, may have underestimated nodal involvement, and 
thus ATA risk prediction. Francis et al. (10) reported that 
“Low risk” patients may still be at risk for residual cervical 
disease, especially if the initial surgery did not include a 
central lymph node dissection, as seen in the “Low risk” 
patients that experience persistent disease in our cohort. 
The reduced rate of lymphadenectomy in our sample may 
explain the higher persistence/recurrence rate, compared 
to other studies. Therefore, other prognostic factors, such 
as lymphovascular invasion, can be particularly useful in 
the setting of a more conservative strategy, where nodal 
involvement may not be fully assessed.

Study Limitations

This study has some limitations. Unfortunately, due to the 
retrospective nature of the study, it was not possible to 
specify whether the lymphovascular invasion described in 
each case was venous, lymphatic or both. Furthermore, we 
did not have control over the preoperative and postoperative 
staging and management. Our series is based on a non-
stratified approach in which all children underwent total 
thyroidectomy and variable extent of lymph node dissection 
and the majority received RAI. This contrasts with recent 
studies showing that more conservative strategies, including 
lobectomy and less RAI among children and adolescents, are 
safe and effective (10,22). Moreover, the small nature of our 
study limits the analysis, not allowing the performance of a 
logistic regression model to evaluate independent predictors 
of recurrent/persistent disease in PTC patients. Another 
limitation of the study is the relatively short follow-up time 

since pediatric patients may experience a recurrence 20-40 
years after initial therapy (30,31). 

Conclusion

In conclusion, our retrospective study describes the 
outcomes of a cohort of DTC patients diagnosed and treated 
at pediatric age in a reference center in Portugal. Children 
and adolescents with DTC were more likely to have more 
severe stages of disease. An individualized stratified risk-
based approach is recommended to identify patients who 
are likely to benefit from additional staging and therapy. 
However, current recommendations consider only the 
extension of the primary tumor, the presence of nodal 
involvement and distant metastasis. Our study suggests 
that lymphovascular invasion may be associated with a 
higher risk of PTC persistence/recurrence in children and 
adolescents, especially in the setting of a more conservative 
strategy, where nodal involvement may not be fully assessed, 
and should therefore be considered for risk determination 
and decision making in this population. Further research is 
needed to confirm our results.

Ethics 

Ethics Committee Approval: The protocol was approved by 
the Ethics Committee of Centro Hospitalar Universitário de 
Coimbra (OBS.SF.135-2022, 03.11.2022).

Informed Consent: Patient consent was waived by the 
Ethics Committee due to the retrospective nature of the 
study and full data anonymization.

Authorship Contributions

Surgical and Medical Practices: Joana Serra Caetano, Rita 
Cardoso, Isabel Dinis, Alice Mirante, Concept: Francisca 
Marques Puga, Laura Correia, Inês Vieira, Joana Serra 
Caetano, Rita Cardoso, Isabel Dinis, Alice Mirante, Design: 
Francisca Marques Puga, Laura Correia, Inês Vieira, Joana 
Serra Caetano, Rita Cardoso, Isabel Dinis, Alice Mirante, Data 
Collection or Processing: Francisca Marques Puga, Laura 
Correia, Inês Vieira, Analysis or Interpretation: Francisca 
Marques Puga, Literature Search: Francisca Marques Puga, 
Writing: Francisca Marques Puga.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Hogan AR, Zhuge Y, Perez EA, Koniaris LG, Lew JI, Sola JE. Pediatric 

thyroid carcinoma: incidence and outcomes in 1753 patients. J Surg 
Res. 2009;156:167-172. Epub 2009 May 8



Puga FM et al.
Thyroid Cancer in Children and Adolescents

J Clin Res Pediatr Endocrinol
2024;16(3):314-322

322

2.	 Wu XC, Chen VW, Steele B, Roffers S, Klotz JB, Correa CN, Carozza SE. 
Cancer incidence in adolescents and young adults in the United States, 
1992-1997. J Adolesc Health. 2003;32:405-415. 

3.	 Welch Dinauer CA, Tuttle RM, Robie DK, McClellan DR, Svec RL, 
Adair C, Francis GL. Clinical features associated with metastasis and 
recurrence of differentiated thyroid cancer in children, adolescents 
and young adults. Clin Endocrinol (Oxf). 1998;49:619-628. 

4.	 Demidchik YE, Demidchik EP, Reiners C, Biko J, Mine M, Saenko 
VA, Yamashita S. Comprehensive clinical assessment of 740 cases 
of surgically treated thyroid cancer in children of Belarus. Ann Surg. 
2006;243:525-532. 

5.	 Harness JK, Thompson NW, McLeod MK, Pasieka JL, Fukuuchi A. 
Differentiated thyroid carcinoma in children and adolescents. World J 
Surg. 1992;16:547-553.

6.	 Chow SM, Law SC, Mendenhall WM, Au SK, Yau S, Mang O, Lau WH. 
Differentiated thyroid carcinoma in childhood and adolescence-clinical 
course and role of radioiodine. Pediatr Blood Cancer. 2004;42:176-183. 

7.	 Newman KD, Black T, Heller G, Azizkhan RG, Holcomb GW 3rd, Sklar 
C, Vlamis V, Haase GM, La Quaglia MP. Differentiated thyroid cancer: 
determinants of disease progression in patients <21 years of age 
at diagnosis: a report from the Surgical Discipline Committee of the 
Children’s Cancer Group. Ann Surg. 1998;227:533-541. 

8.	 Handkiewicz-Junak D, Wloch J, Roskosz J, Krajewska J, Kropinska 
A, Pomorski L, Kukulska A, Prokurat A, Wygoda Z, Jarzab B. Total 
thyroidectomy and adjuvant radioiodine treatment independently 
decrease locoregional recurrence risk in childhood and adolescent 
differentiated thyroid cancer. J Nucl Med. 2007;48:879-888. 

9.	 	Popovtzer A, Shpitzer T, Bahar G, Feinmesser R, Segal K. Thyroid 
cancer in children: management and outcome experience of a referral 
center. Otolaryngol Head Neck Surg. 2006;135:581-584. 

10.	 Francis GL, Waguespack SG, Bauer AJ, Angelos P, Benvenga S, Cerutti 
JM, Dinauer CA, Hamilton J, Hay ID, Luster M, Parisi MT, Rachmiel M, 
Thompson GB, Yamashita S; American Thyroid Association Guidelines 
Task Force. Management Guidelines for Children with Thyroid Nodules 
and Differentiated Thyroid Cancer. Thyroid. 2015;25:716-759. 

11.	 Falvo L, Catania A, D’Andrea V, Marzullo A, Giustiniani MC, De Antoni 
E. Prognostic importance of histologic vascular invasion in papillary 
thyroid carcinoma. Ann Surg. 2005;241:640-646. 

12.	Gardner RE, Tuttle RM, Burman KD, Haddady S, Truman C, Sparling 
YH, Wartofsky L, Sessions RB, Ringel MD. Prognostic importance of 
vascular invasion in papillary thyroid carcinoma. Arch Otolaryngol 
Head Neck Surg. 2000;126:309-312.

13.	Mete O, Asa SL. Pathological definition and clinical significance 
of vascular invasion in thyroid carcinomas of follicular epithelial 
derivation. Mod Pathol. 2011;24:1545-1552. Epub 2011 Jul 29 

14.	Ruel E, Thomas S, Dinan M, Perkins JM, Roman SA, Sosa JA. Adjuvant 
radioactive iodine therapy is associated with improved survival 
for patients with intermediate-risk papillary thyroid cancer. J Clin 
Endocrinol Metab. 2015;100:1529-1536. Epub 2015 Feb 2 

15.	Chow SM, Yau S, Kwan CK, Poon PC, Law SC. Local and regional control 
in patients with papillary thyroid carcinoma: specific indications of 
external radiotherapy and radioactive iodine according to T and N 
categories in AJCC 6th edition. Endocr Relat Cancer. 2006;13:1159-
1172. 

16.	Lebbink CA, Links TP, Czarniecka A, Dias RP, Elisei R, Izatt L, Krude 
H, Lorenz K, Luster M, Newbold K, Piccardo A, Sobrinho-Simões M, 
Takano T, Paul van Trotsenburg AS, Verburg FA, van Santen HM. 2022 
European Thyroid Association Guidelines for the management of 
pediatric thyroid nodules and differentiated thyroid carcinoma. Eur 
Thyroid J. 2022;11:e220146. 

17.	Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov 
YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff 

KG, Sherman SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015 
American Thyroid Association Management Guidelines for Adult 
Patients with Thyroid Nodules and Differentiated Thyroid Cancer: 
The American Thyroid Association Guidelines Task Force on Thyroid 
Nodules and Differentiated Thyroid Cancer. Thyroid. 2016;26:1-133. 

18.	Puga FM, Al Ghuzlan A, Hartl DM, Bani MA, Moog S, Pani F, Breuskin 
I, Guerlain J, Faron M, Denadreis D, Baudin E, Hadoux J, Lamartina 
L. Impact of lymphovascular invasion on otherwise low-risk papillary 
thyroid carcinomas: a retrospective and observational study. Endocrine. 
2023;83:150-159. Epub 2023 Aug 28 

19.	American Thyroid Association (ATA) Guidelines Taskforce on Thyroid 
Nodules and Differentiated Thyroid Cancer; Cooper DS, Doherty GM, 
Haugen BR, Kloos RT, Lee SL, Mandel SJ, Mazzaferri EL, McIver B, 
Pacini F, Schlumberger M, Sherman SI, Steward DL, Tuttle RM. Revised 
American Thyroid Association management guidelines for patients 
with thyroid nodules and differentiated thyroid cancer. Thyroid. 
2009;19:1167-1214.

20.	Waguespack SG, Francis G. Initial management and follow-up of 
differentiated thyroid cancer in children. J Natl Compr Canc Netw. 
2010;8:1289-1300. 

21.	 Chiapponi C, Hartmann MJM, Decarolis B, Simon T, Bruns CJ, Faust M, 
Schultheis AM, Schmidt M, Alakus H. Differentiated Thyroid Cancer 
in Adolescents: Single Center Experience and Considerations for 
Surgical Management and Radioiodine Treatment. J Clin Res Pediatr 
Endocrinol. 2023;15:257-263. Epub 2023 Mar 29

22.	Chen J, Huang N, Ji Q, Wang Y, Zhu Y, Li D. Multifocal papillary thyroid 
cancer in children and adolescents: 12-year experience in a single 
center. Gland Surg. 2019;8:507-515. 

23.	Feinmesser R, Lubin E, Segal K, Noyek A. Carcinoma of the thyroid in 
children--a review. J Pediatr Endocrinol Metab. 1997;10:561-568.

24.	Vaisman F, Corbo R, Vaisman M. Thyroid carcinoma in children 
and adolescents-systematic review of the literature. J Thyroid Res. 
2011;2011:845362. Epub 2011 Sep 4

25.	Redlich A, Luster M, Lorenz K, Lessel L, Rohrer TR, Schmid KW, 
Frühwald MC, Vorwerk P, Kuhlen M. Age, American Thyroid Association 
Risk Group, and Response to Therapy Are Prognostic Factors in 
Children With Differentiated Thyroid Cancer. J Clin Endocrinol Metab. 
2022;107:165-177. 

26.	Cakir AD, Bucak FT, Tarcin G, Turan H, Ozcan R, Evliyaoglu O, Kabasakal 
L, Ercan O. Differentiated Thyroid Cancer in Children and Adolescents: 
Clinicopathological Characteristics of 32 Patients Followed up in our 
Pediatric Endocrinology Unit. Sisli Etfal Hastan Tip Bul. 2023;57:224-
231. 

27.	Galuppini F, Vianello F, Censi S, Barollo S, Bertazza L, Carducci S, Colato 
C, Manso J, Rugge M, Iacobone M, Watutantrige Fernando S, Pennelli 
G, Mian C. Differentiated Thyroid Carcinoma in Pediatric Age: Genetic 
and Clinical Scenario. Front Endocrinol (Lausanne). 2019;10:552. 

28.	O’Gorman CS, Hamilton J, Rachmiel M, Gupta A, Ngan BY, Daneman 
D. Thyroid cancer in childhood: a retrospective review of childhood 
course. Thyroid. 2010;20:375-380. 

29.	Wada N, Sugino K, Mimura T, Nagahama M, Kitagawa W, Shibuya H, 
Ohkuwa K, Nakayama H, Hirakawa S, Yukawa N, Rino Y, Masuda M, Ito 
K. Treatment strategy of papillary thyroid carcinoma in children and 
adolescents: clinical significance of the initial nodal manifestation. Ann 
Surg Oncol. 2009;16:3442-3449. Epub 2009 Sep 24

30.	Hay ID, Gonzalez-Losada T, Reinalda MS, Honetschlager JA, Richards 
ML, Thompson GB. Long-term outcome in 215 children and adolescents 
with papillary thyroid cancer treated during 1940 through 2008. World 
J Surg. 2010;34:1192-1202.

31.	 Landau D, Vini L, A’Hern R, Harmer C. Thyroid cancer in children: the 
Royal Marsden Hospital experience. Eur J Cancer. 2000;36:214-220.




