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Abstract

Background: Currently, there are no European recommendations for the management of pediatric thyroid cancer. 
Other current international guidelines are not completely concordant. In addition, medical regulations differ 
between, for instance, the US and Europe. We aimed to develop new, easily accessible national recommendations 
for differentiated thyroid carcinoma (DTC) patients <18 years of age in the Netherlands as a first step toward a 
harmonized European Recommendation.
Methods: A multidisciplinary working group was formed including pediatric and adult endocrinologists, a pediatric 
radiologist, a pathologist, endocrine surgeons, pediatric surgeons, pediatric oncologists, nuclear medicine physicians, a 
clinical geneticist and a patient representative. A systematic literature search was conducted for all existing guidelines 
and review articles for pediatric DTC from 2000 until February 2019. The Appraisal of Guidelines, Research and 
Evaluation (AGREE) instrument was used for assessing quality of the articles. All were compared to determine dis- and 
concordances. The American Thyroid Association (ATA) pediatric guideline 2015 was used as framework to develop 
specific Dutch recommendations. Discussion points based upon expert opinion and current treatment management of 
DTC in children in the Netherlands were identified and elaborated.
Results: Based on the most recent evidence combined with expert opinion, a 2020 Dutch recommendation for pediatric 
DTC was written and published as an online interactive decision tree (www.oncoguide.nl).
Conclusion: Pediatric DTC requires a multidisciplinary approach. The 2020 Dutch Pediatric DTC Recommendation can be 
used as a starting point for the development of a collaborative European recommendation for treatment of pediatric DTC.
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Background

Pediatric thyroid cancer is a rare disease; however, its 
worldwide incidence rate is increasing (1, 2). Differentiated 
thyroid carcinoma (DTC) is the most common form of 
this disease and comprises 3% of all pediatric tumors, 
with 0.2 to 3 cases per million children per year (3, 4). In 
the Netherlands, in a 43-year period, 170 children with 
DTC were identified (5). In 2015, the American Thyroid 
Association developed a special recommendation for 
pediatric nodules and thyroid cancer (6), but in Europe, 
such a recommendation is not yet available. Because 
regulations for medical care differ between the US and 
Europe, next to possible cultural differences, specific 
European and national recommendations are required.

Compared to adult DTC, pediatric DTC presents 
with more advanced disease, expressed as more frequent 
lymph node involvement at diagnosis, distant metastases 
and multifocal disease. Despite this more aggressive 
presentation, pediatric DTC has an excellent prognosis in 
terms of survival rates (1). Also, differences exist between 
adult and pediatric DTC with regard to histology and 
molecular characteristics (7, 8). For children, treatment-
related late effects may be more important than for 
adults, because of the longer life span. The rareness of the 
disease, in combination with the aforementioned clinical, 
histological and molecular differences, differences in 
intercontinental medical regulations, and the importance 
of minimizing late effects, emphasizes the need for a 
national and European pediatric DTC recommendation.

As in many other countries, also in the Netherlands 
centralization of care is seen as the best way forward to 
improve care for rare diseases. For children with thyroid 
cancer, there was need for harmonization of diagnostic 
work-up, management strategy and follow-up targets. To 
achieve optimal care for the Dutch population, a national 
multidisciplinary working group was formed aiming at the 
development of harmonized Dutch recommendations for 
DTC patients <18 years of age. Secondly, this work may 
be used as first step to develop a harmonized European 
recommendation.

Methods

To develop Dutch recommendations, a committee of 
experts was composed, including pediatric and adult 
endocrinologists, a pediatric radiologist, a pathologist, 
endocrine surgeons, pediatric surgeons, nuclear medicine 
physicians, an epidemiologist, a clinical geneticist, a 
pediatric oncologist and a patient representative.

The working group agreed to write the new 
Dutch recommendation using a guideline adaptation 
process instead of producing a de novo Dutch DTC 
recommendation. Given the existence of several pediatric 
DTC guidelines and reviews, this was considered to be the 
most efficient way.

Next to the committee of experts, three co-chairs 
and two PhD students were assigned to the project. 
For efficiency, three working groups were formed: (1) 
diagnostics and follow-up, (2) surgery and (3) nuclear 
medical treatment and imaging. All experts represented 
their own discipline in the working group.

Guideline search

A systematic literature search was conducted in Pubmed 
to find all existing recommendations and review articles. 
The complete search terms can be found in Appendix 
A (see section on supplementary materials given at the 
end of this article). In total, 813 studies were found and 
abstracts were screened using the following inclusion 
criteria: (1) studies describing the management of DTC 
in patients <18 years, (2) studies written in English or 
Dutch and (3) studies published after 2000 or an updated 
elder original article. In total, six guidelines or review 
articles on treatment of pediatric DTC were retrieved for 
further evaluation of their quality with the Appraisal of 
Guidelines, Research and Evaluation (AGREE) instrument 
(6, 9, 10, 11, 12, 13, 14). The six included guidelines were 
scored in six domains of a seven-point scale (1 = strongly 
disagree, 7 = strongly agree; Appendix A). According 
to this system, the recommendation of the American 
Thyroid Association (ATA) for pediatric thyroid nodules 
and DTC was reviewed as the highest quality guideline 
(6). Therefore, it was agreed to use this recommendation 
as the cornerstone to develop recommendations for the 
Dutch population.

The next step was identifying discussion points in 
the current ATA recommendations based on the current 
Dutch diagnostics, treatment and follow-up policy, expert 
opinion and new available evidence. To answer additional 
research questions resulting from this process, new 
systematic literature searches were performed in Pubmed 
(Appendix A).

Results

Based on the most recent evidence in combination with 
expert opinion, recommendations for management 
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of pediatric DTC were developed. The new Dutch 
recommendations can be found in the Appendix and 
online (www.oncoguide.nl).

Recommendations

Organization of patient care

A child with suspicion of DTC, proven DTC or (suspicion 
of) MEN syndrome should be referred to a hospital with 
an experienced multidisciplinary thyroid team (defined 
as level four hospital; Appendix 1, Fig. 1), including at 
least a pediatric and adult endocrinologist, pediatric 
radiologist, endocrine surgeon (a ‘high volume’ thyroid 
surgeon), pediatric surgeon experienced in thyroid surgery, 
pathologist, nuclear medicine physician, clinical geneticist, 
pediatric psychologist and a pediatric oncologist.

Diagnostics

 – Fine needle aspiration cytology (FNAC) is recommended 
for thyroid nodules ≥1 cm or increased suspicion of DTC 
because of the presence of suspicious ultrasound (US) 
characteristics (taller than wide, microcalcifications, 
irregular margins, hypoechogenicity, solid pattern, 
intranodular vascularity, shape and halo sign absence) 
or clinical context (15).

 – Next to molecular gene analysis on cytological material 
of suspicious nodules (Bethesda 5) for the presence of 
BRAF mutations, it may be considered to analyze the 
presence of other oncogenic drivers and gene-fusions 
such as RET/PTC and NTRK-fusions due to the fact 
that these may also be associated with presence of 
PTC. These results should always be discussed in the 
(national) multidisciplinary team to stratify care.

 – The recommended surgical intervention in case 
of Bethesda 1–4 depends on the likelihood of 
the thyroid nodule(s) being malignant (e.g. size 
≥4 cm, trachea compression, and sonographic 
features-like microcalcifications, irregular margins, 
hypoechogenicity, solid pattern, intranodular 
vascularity, shape and halo sign absence) (15), and 
patient preference (e.g. cosmetic reasons).

 – The absence of BRAF in FNAC specimen does not 
rule out presence of PTC, as BRAF is only identified 
in 40% of pediatric PTC. For this reason, diagnostic 
hemithyroidectomy is advised.

 – In case of FNAC result with Bethesda 5 in a nodule 
positive for a BRAF mutation or in Bethesda 6, total 
thyroidectomy is advised after preoperative evaluation.

Preoperative management

 – A comprehensive US of all neck regions by an 
experienced pediatric radiologist should be performed.

 – In case of substantial cervical lymphadenopathy, a low 
dose CT thorax without contrast should be considered.

 – In case of large or fixed thyroid masses, vocal cord 
paralysis, bulky metastatic lymphadenopathy or tumor 
invasion in the esophagus or trachea determined by 
physical examination or US, preoperative MRI should 
be considered.

 – FNAC is recommended for suspicious lateral lymph 
nodes (size, aspect or US characteristics), but refraining 
from cytological confirmation is possible in case of an 
evident (pathological) lateral lymph node.

 – Prophylactic vitamin D (and possibly calcium) 
treatment is recommended for reducing the risk of 
(possible) post-thyroidectomy hypocalcemia.

Operative management

 – Total thyroidectomy is strongly recommended for all 
children with DTC.

 – For some selected pediatric patients, there could be an 
indication for lobectomy or hemithyroidectomy. Such 
children (all children with microcarcinoma (tumor <1 
cm, limited to the thyroid gland and no signs of cervical 
lymphadenopathy)) should be discussed in the national 
multidisciplinary (tumor board) consultation to decide 
whether one could refrain from total thyroidectomy 
and choose for lobectomy or hemithyroidectomy.

 – Routine prophylactic central or lateral neck dissection 
is not recommended.

 – Lateral lymph node dissection should be performed 
in all children with preoperative proven lymph node 
metastases or in case of evident (pathological) lateral 
lymph node(s).

Postoperative therapy

 – Postoperative restaging with a 123I¯ whole-body scan 
(WBS) is not recommended.

 – It is recommended that all pediatric DTC patients are 
treated postoperatively with 131I¯. An exception can 
be made for children with microcarcinoma (tumor 
<1 cm, limited to the thyroid gland). This individual 
treatment policy should be discussed in the national 
multidisciplinary meeting.

 – Before the administration of 131I¯ therapy, semen 
preservation should be discussed with all (post)
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pubertal boys (Tanner stage III and higher and able to 
produce semen).

 – The 131I¯ activity depends on extent of surgery, tumor 
size, presence of metastases, body weight and pubertal 
stage (Table 1).

 – After 131I¯ treatment, a WBS 4 to 7 days post-treatment 
is advised.

 – All patients should be discussed in the national 
multidisciplinary (tumor board) consultation.

Follow-up

 – Stratification of pediatric patients based on the risk of 
persistent cervical disease and/or distant metastases is 
recommended.

 – Neck ultrasound should be performed in the follow-up 
of all patients, independent of the ATA pediatric  
risk level.

 – The desired thyroid-stimulating hormone (TSH) 
suppression level should be determined by current 
disease status and ATA risk levels.

 – Serum thyroglobulin (Tg) concentrations should be 
measured 3, 6, (ON), and 12 months (OFF) after 131I¯ 
therapy; thereafter, timing and frequency should be 
guided by the ATA pediatric risk level.

 – In patients with visible thyroid tissue or suspect 
lymph nodes on neck US during follow-up, surgical 
consultation, FNAC and additional nuclear imaging 
are advised.

 – In case of detectable Tg and negative neck US, 
additional imaging with FDG-PET is recommended. 
In these cases, 131I¯ treatment without preceding 
nuclear imaging may be considered dependent on Tg 
concentration, previous lymph node dissections or 
presence of distant metastases.

 – It is recommended to have an interval of at least 
12 months between the first and a subsequent  
131I¯ treatment.

Distant metastases

 – All patients with distant metastases should be discussed 
in the national multidisciplinary (tumor board) with 
regards to follow-up and possible additional therapy.

Discussion

Harmonization of care for children with rare diseases is 
necessary to improve the outcome of disease. Differences 
between Dutch pediatric DTC patients and American 
pediatric DTC patients may exist (16). For this reason 
specific Dutch recommendations were aimed for. These 
new Dutch recommendations for the treatment of 
pediatric DTC have been formulated based on current 
international recommendations (the ATA pediatric DTC 
guideline) and the most recent available evidence in 
combination with expert opinion. Next to harmonization 
of care, organization of care was also addressed with the 
intention to centralize care (Appendix A Fig. 1), and to 
improve the outcome of disease. To enable European 
collaborative studies and registration, a next step should 
be to develop European harmonized recommendations.

The recommendations in this manuscript provide 
guidance for physicians and other health care providers 
to make well-considered decisions together with patients 
and parents in diagnostics, treatment and follow-up of 
DTC in children. It is recommended that all children with 
DTC should only be treated in specialized expert thyroid 
teams with special expertise in childhood. All steps in this 
process should be discussed with the patient and parents 
to provide personalized individual medicine.

In the Netherlands, each year about eight to ten 
children are diagnosed with DTC. This low number 
in combination with the required multidisciplinary 
knowledge and skills is a strong incentive for centralizing 
the care for these patients in highly experienced hospitals 

Table 1 131I¯ activity postoperative additional therapy DTC in children.

Clinical status Activity 131I¯ 

Radical resection, T1-T3a tumor, no lymph node or distant metastases 1100 MBq
Irradical surgery*, T3b, N1
 Pre-puberty 100 MBq/kg (max 5550 MBq)
 Post-puberty 5550 MBq 
T4/M1 tumor
 Pre-puberty 100 MBq/kg (max 7400 MBq)
 Post-puberty 7400 MBq

Discuss in multidisciplinary local and national tumor board 

The TNM classification edition 8 (2016) should be used in staging.
*Irradical surgery is defined as macroscopically or microscopically tumor in the resection margin on pathology evaluation.
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(level four) (17). In addition, to ensure high management 
quality, a national three-monthly, multidisciplinary 
tumor board has been implemented, in which all new 
and complex Dutch patients are anonymously discussed 
among the involved thyroid experts across the country. 
Next to this national three-monthly consultation, the level 
four hospitals also have a local weekly multidisciplinary 
tumor board (17).

Survival rates in children with DTC are favorable. 
Morbidity caused by treatment remains substantial, 
however, mainly as a consequence of surgical complications 
(permanent hypoparathyroidism and recurrent laryngeal 
nerve injury present in up to 32%) (18). Other late effects 
of childhood DTC treatment include dry mouth (19) or 
dry eyes that may have been caused by 131I¯ treatment 
or side effects induced by TSH suppression therapy, such 
as altered diastolic function (20). Awareness of these late 
effects of given treatment in childhood is important. By 
aiming to reduce these complications, steps can be made 
toward improving the quality of life for these children.

At this moment, evidence for the benefit of 
performing molecular testing in pediatric DTC, in terms 
of, clear clinical implications, is limited, however, it is a 
rapid changing area with new publications coming soon. 
Molecular testing may be useful to understand the tumor 
etiology, behavior, predict prognosis and possibly guide 
the development of novel treatment strategies. In pediatric 
DTC, up to 50% of tumors show a genetic alteration (21). 
BRAF mutations are less common in children compared 
to adults. However, in adult DTC these mutations are 
associated with aggressive tumors and in FNA samples the 
finding of BRAF is 100% specific for PTC presence (22, 23). 
For this reason, performing a total thyroidectomy when 
a BRAF mutation is found in a Bethesda 5 FNA sample is 
recommended. For the future, discussion whether a BRAF 
mutation in an atypical nodule (Bethesda 3 or 4) has 
treatment consequences may be indicated. In addition, 
it may be considered to analyze the presence of other 
oncogenic drivers and gene-fusions (e.g. RET/PTC and 
NTRK-fusions) due to the fact of increasing awareness 
that these are also associated with the presence of PTC. 
At this moment, however, the committee has stated that 
the current evidence to incorporate this as standard care 
for all children with thyroid nodules suspect for DTC is 
not sufficient. If possible, the committee does support the 
analysis of other oncogenic drivers and gene-fusions (e.g. 
RET/PTC and NTRK-fusions) in the FNA specimen. The 
results of these tests should always be discussed in the 
national multidisciplinary team to decide the treatment 

consequences in combination with other clinical 
determinants. The committee is very much aware of the 
fact that this is a rapid changing field and will update 
these specific recommendations each year. Possibly, in 
non-iodine-avid DTC, finding a genetic alteration may 
enable targeted therapy. Also, perhaps in the future, if 
targeted therapies were to give fewer side effects compared 
to current therapy strategies standard testing of genetic 
alterations could be useful.

Preoperative evaluation in pediatric DTC is needed 
for optimal surgical planning and additional treatment. 
The working group agreed with a comprehensive US of all 
neck regions by an experienced head and neck orientated 
radiologist (ATA recommendation 10), however with 
a footnote; the sensitivity of US investigation to detect 
central lymph nodes (level VI–VII) when compared to 
lateral nodes is lower, however the specificity may be 
comparable. Also, not all single suggestive findings are 
100% specific (Research question C1, Appendix A) (24, 
25, 26, 27, 28).

The working group recommends a low dose CT thorax 
without contrast as the gold standard to detect pulmonary 
metastases. In contrast to the ATA recommendation, a 
chest X-ray in case of substantial cervical lymph node 
disease is not advised because of lack of sensitivity in this 
setting. In case of large or fixed thyroid masses, vocal cord 
paralysis, bulky metastatic lymphadenopathy or tumor 
invasion in the esophagus or trachea, MRI should be 
considered because of the higher spatial resolution and 
excellent soft tissue contrast, especially when minimal fat 
tissue in the neck is present.

The main argument for treating all DTC children with 
131I¯ postoperatively is that children are much more likely 
to initially present with lymph nodes metastases, as well 
as with distant metastases (29). Based on expert opinion, 
recommendations for 131I¯ activity were proposed 
dependent on the individual clinical situation (Table 1). In 
addition, direct postoperative restaging with a 123I¯ or 124I¯ 
WBS is not recommended due to the fact that all children 
will have a WBS 4 to 7 days after initial 131I¯ treatment. 
The main arguments (for the recommendation) to wait for 
a minimum of 12 months for retreatment with 131I¯ after 
initial 131I¯ therapy (if necessary), is that decline of Tg has 
been reported for a prolonged time after 131I¯ treatment. 
Also longer recovery time in between 131I¯ therapy may 
lower the risk for late adverse effects (30, 31).

In contrast to the ATA recommendation to 
perform diagnostic WBS routinely during follow-up 
in intermediate and high-risk patients, the Dutch 
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committee of experts found no indication to adopt 
this strategy because of the high sensitivity of neck US 
combined with Tg measurement to detect recurrent DTC 
(expert opinion).

Since 2015 the term ‘noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features’ (NIFTP) 
is used. NIFTP has a prevalence of less than 5% in the 
pediatric PTC population (32). Further studies are needed 
regarding the role of this new entity, management 
strategies and follow-up targets.

Our recommendation has several limitations. First of 
all, the method by which these recommendations were 
developed has a limitation. The AGREE-II instrument 
that was used (9) is intended to assess the quality of 
guidelines and is not valid to evaluate the quality of 
review articles.

Transition of care from pediatric to adult medicine is an 
important aspect in follow-up care for pediatric DTC, but 
has not been addressed in the current recommendation. 
This aspect in care should receive separate attention 
because it is an important aspect in the care and support 
of the young adult DTC patient.

Similar to the ATA pediatric guideline, these 
recommendations have been developed for patients ≤18 
years of age. However, there is a spectrum of childhood 
and adult DTC changing in the age group of 16–25 years 
(expert opinion). There are some young adults who may 
present with childhood DTC and who might benefit from 
treatment along the pediatric guideline, and vice versa. 
This aspect should be studied in the coming years, aiming 
to develop an adolescent DTC recommendation.

These new Dutch recommendations have been 
formulated based on the best available high-quality 
evidence. However, new evidence may necessitate quick 
adaption of the recommendations. For this reason, a 
dynamic flowchart was developed on Oncoguide in 
which the recommendations can easily be updated (www.
oncoguide.nl) (33). In this way, if upcoming literature 
makes it necessary to update the recommendation, this 
can easily be done. In general it is advised to update 
clinical guidelines every 3 years (34, 35).

Recently a survey on organization and management 
of pediatric DTC in Europe was carried out, showing a 
scattering of care in Europe with limited centralization and 
different protocols being used (36). Collaboration between 
countries is needed to optimize treatment and minimize 
adverse long-term effects. In the absence of a European 
pediatric DTC guideline, these Dutch recommendations 
may be used as starting point for the development of a 
European guideline.

Conclusion

Treatment of pediatric DTC is challenging, given 
that children more often present with extensive and 
aggressive disease and have a longer life-span, making 
the long-term outcome of the given treatment of special 
importance. The optimal treatment approach of pediatric 
DTC is complex and cannot be captured in a one-size-
fits-all model. It requires a multidisciplinary approach 
in thyroid cancer expertise centers. These new Dutch 
recommendations provide guidance. However, the 
importance of individual considerations evaluated by an 
expert national multidisciplinary meeting and shared 
decision making with the patient and parents should be 
emphasized. Besides, to optimize diagnostics, management 
and outcomes while minimizing the long-term adverse 
consequences for patients with pediatric thyroid cancer, 
we have to cross borders and collaborate. Development of 
a European guideline for management of pediatric DTC 
would be an essential step to achieve this. These Dutch 
recommendations may be used as starting point for the 
development of a collaborative European recommendation.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
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