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Abstract

At present, no European recommendations for the management of pediatric thyroid

nodules and differentiated thyroid carcinoma (DTC) exist. Differences in clinical, Keywords
molecular, and pathological characteristics between pediatric and adult DTC emphasize pediatric
the need for specific recommendations for the pediatric population. An expert panel was
instituted by the executive committee of the European Thyroid Association including an
international community of experts from a variety of disciplines including pediatric and
adult endocrinology, pathology, endocrine surgery, nuclear medicine, clinical genetics,
and oncology. The 2015 American Thyroid Association Pediatric Guideline was used as
framework for the present guideline. Areas of discordance were identified, and clinical
questions were formulated. The expert panel members discussed the evidence and
formulated recommendations based on the latest evidence and expert opinion. Children
with a thyroid nodule or DTC require expert care in an experienced center. The present
guideline provides guidance for healthcare professionals to make well-considered
decisions together with patients and parents regarding diagnosis, treatment, and
follow-up of pediatric thyroid nodules and DTC.
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Introduction

Pediatric differentiated thyroid carcinoma (DTC) is a
rare disease; however, its worldwide incidence is rising
(1, 2). DTC comprises several histological subtypes, with
papillary thyroid carcinoma (PTC) accounting for the
vast majority of thyroid carcinoma cases. Other tumor
subtypes such as follicular thyroid cancer and non-invasive
follicular thyroid neoplasm with papillary-like nuclear
features are extremely rare in the pediatric population and
will therefore not be discussed separately.

There are important differences between adult
and pediatric DTC regarding clinical, molecular, and
pathological characteristics. Compared to adults with
DTC, pediatric patients more often present with advanced
disease at diagnosis, including more lymph node
involvement, distant metastasis, and multifocal disease
(3). Despite this more aggressive presentation, pediatric
DTC has an excellent prognosis (1, 2). Also, the most
common genetic alterations in pediatric DTC are RET-
PTC and NTRK fusions, while mutations in BRAF, V600E,
and RAS point mutations are less frequent (4, 5). Due to
these genomic differences, the utility of molecular testing
on biopsies of thyroid nodules and on thyroid tissue in
children may be different from that in adults. In addition,
the consequences of possible adverse effects of treatment
may be different for children because of their longer life
expectancy.

These differences emphasize the need for specific
recommendations for the pediatric population (6,
7, 8). The American Thyroid Association (ATA) has
developed recommendations for pediatric nodules
and thyroid carcinoma (8); however, in Europe, such
recommendations are not yet available. Regulations for
medical care differ between the United States of America
and Europe, and there are potential cultural differences.
Therefore, specific European recommendations are
required.

The present guideline will provide guidance for
healthcare professionals to make well-considered
decisions together with patients and parents regarding
diagnostics, treatment, and follow-up of DTC in children.

Methods

The expert panel for this guideline was instituted by
the executive committee of the European Thyroid
Association (ETA). The panel represents an international
community of experts from a variety of disciplines

including pediatric and adult endocrinology, pathology,
endocrine surgery, nuclear medicine, clinical genetics,
and oncology. All experts were divided into three panels:
(i) diagnostics and staging, (ii) treatment, and (iii)
follow-up. All experts represented their own discipline in
the panel. The three panels were chaired by a pediatric
endocrinologist (HvS), and the project was coordinated by a
PhD student (CL).

Consensus was achieved to use the 2015 ATA Pediatric
Guideline 2015 as framework for the 2022 ETA Pediatric
Guideline (8). Based on the 2015 ATA Pediatric Guideline,
the expert panel identified areas of discordance and
clinical questions were formulated. For each clinical
question, a systematic literature search was performed
using Pubmed (last search date: May 2020) (Appendix B,
see section on supplementary materials given at the end
of this article).

In total, 3251 studies were identified. All abstracts
were screened by two reviewers following the general
inclusion criteria: (i) English language, (ii) children and
adolescents (<21 years of age), and (iii) study population
of at least n=20. All studies with an age limit of <21
years were included, to avoid excluding important
pediatric literature in which the age limit of <21 years
was used instead of <18 years. For some clinical questions,
specific inclusion criteria were defined (shown in each
section). After abstract selection, 45 full papers were
included. Each full paper was summarized and graded
by two independent reviewers. The modified Grading
of Recommendations Assessment, Development, and
Evaluation system was used to grade the quality of
evidence (9, 10). Quality of evidence was scored as level
1: high (randomized controlled trial (RCT) evidence/
meta-analysis - high-quality evidence (©®®d));
level 2: moderate (intervention short of RCT or large
observational studies -moderate-quality (©@®6O)); level
3: low quality (case-control studies, case series - low
quality (@@60)); level 4: very low quality (case reports,
expert opinion - very low quality (#666)) (9).

If all expert panel members agreed on a
recommendation of the 2015 ATA Pediatric Guideline (8),
no specific search was performed. The grade of quality of
evidence, as had been assigned by the ATA working group,
was assumed. The statements based on recommendations
of the 2015 ATA Pediatric Guideline are considered as
‘expert opinion’ (level 4).

The expert panel members discussed the evidence
and formulated statements based on the best available
evidence and expert opinion (Table 1). The expert panel
identified several significant gaps in current knowledge
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Table 1 Research questions and conclusions of evidence

Quality of
Research questions, conclusions of evidence evidence

Diagnostics and staging

1. What is the sensitivity and specificity of thyroid ultrasound for distinction of thyroid cancer from a benign thyroid
nodule of a child?
Conclusion The expert panel concludes that specificity and sensitivity of thyroid ultrasound DDDO
for distinction of thyroid cancer from a benign thyroid nodule in children
depends on multiple ultrasound characteristics.
2. What is the sensitivity/specificity of different suspicious US findings for presence of DTC metastasis to a lymph
node?
Conclusion No evidence was found on suspicious US findings specific to DTC in childhood. CIEElS)
The expert panel concludes that the sensitivity/specificity of different suspicious
US findings for presence of DTC metastasis to a lymph node may be referred to
adult literature.
3. Will molecular testing in an FNB specimen of a thyroid nodule in a child help you to distinguish it from a benign
nodule?
Conclusion No evidence was found. BOOO
The expert panel concludes that prospective studies are needed to determine if
molecular testing in an FNB specimen of a thyroid nodule in a child helps to
distinguish DTC from a benign nodule
4. Does molecular testing in thyroid carcinoma tissue in a child alter its management?
Conclusion No evidence was found. SISISIS)
The expert panel concludes that current evidence is insufficient to conclude that
molecular testing in pediatric thyroid carcinoma tissue has consequences for
pediatric DTC management and prospective studies are needed.
5. What is sensitivity of the different imaging modalities for presence of pre-operative metastasis?
Conclusion No evidence was found. DO6O
The expert panel concludes that the sensitivity for neck palpation, comprehensive
neck ultrasonography, or laboratory work-up to predict DTC, could not be

determined.
6. Are histopathological criteria related to distant/any metastases?
Conclusion No evidence was found. DO

The expert panel concludes that current evidence is insufficient to relate
histopathological criteria to distant/any metastases and prospective studies are

needed.
7. Which imaging modality is most sensitive for the presence of DTC, post-operatively?
Conclusion No evidence was found. EIsElE)

The expert panel concludes that current evidence is insufficient to state which

imaging modality is most sensitive for the presence of DTC, post-operatively.

8. What is the diagnostic value of serum calcitonin in a child with a thyroid nodule?

Conclusion No evidence was found. DOeO

The expert panel concludes that current evidence is insufficient to determine the

diagnostic value of serum calcitonin in a child with a thyroid nodule

9. What is the prevalence of non-clinically relevant thyroid nodules in a child?

Conclusion The prevalence non-clinically relevant thyroid nodules in a non-childhood cancer ODDO
survivor cohort of children seem to vary between 0.6 and 2%.

Treatment

10. What is the difference in outcome of DTC in children treated with a total thyroidectomy vs hemithyroidectomy or

vs subtotal thyroidectomy?

Conclusion Total thyroidectomy may be associated with more recurrence-free survival and DO
disease-free survival.

11. What is the difference in outcome of DTC in children with microcarcinoma (<1 cm) treated with nodule excision/

resection vs subtotal resection or vs hemithyroidectomy?

Conclusion No studies investigated differences in outcome of patients with TMC treated with BOOO
total thyroidectomy vs hemi or subtotal thyroidectomy. No differences in disease-
specific survival and overall survival between patients with TMC and patients with
DTC> 1 cm, although patients with TMC were more often treated with partial
thyroidectomy/ lobectomies/isthmusectomies and not followed by RAI.
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Table 1 Continued.

Quality of
Research questions, conclusions of evidence evidence

12. What is the difference in outcome of DTC in children treated with a (prophylactic) central lymph node dissection

vs no central lymph node dissection?

Conclusion Conflicting results were found. One study suggests that an aggressive surgical DOOO
approach may both simultaneously decrease the risk of recurrence and improve
prognostication in patients with more advanced or aggressive disease. Another
study showed no difference in recurrence-free survival between patients treated
with LND compared to limited node excision of no LND. However, location of
LND was not specified. It remains unclear if these patients underwent
prophylactic central lymph node dissection.

13. Is outcome of microcarcinoma worse in children treated with I-131 vs those not treated with 1-131?

Conclusion No evidence was found. HO6O

The expert panel concludes that current evidence is insufficient and prospective
studies are needed to evaluate outcome of small pediatric DTC not treated with
I-131 vs those treated with I-131.

14. Is the most optimal dose-effect curve of radioiodine with least side effects calculated by body weight/fixed-dose

dosimetry?

Conclusion No evidence was found. CIEElE)

The expert panel concludes that current evidence is insufficient and agreed that
individual patient-based approach should be used to calculate the most optimal
activity of I-131 taking into account the potential side effects of I-131 with an
increasing activity. The preferred individual administered activity should be
discussed in the multidisciplinary tumor board taking the individuality of the
patient into account.

15. Is rhTSH effective and safe in children during treatment with I-131?

Conclusion All studies reported TSH levels after rhTSH stimulation of >50mIU. No significant ODOO
side effects were reported. No studies reported on iodine uptake after rhTSH
injection.

16. What is the difference in outcome in children with measurable but not rising Tg after treatment for DTC?

(incomplete biochemical response with I-131 vs a wait-and-see approach)
Conclusion No evidence was found. SISISIS)
The expert panel concludes that current evidence is insufficient and prospective
studies are needed to evaluate outcome in children with an incomplete
biochemical response treated with I-131 compared to a wait-and-see approach.
17. What is the difference in outcome in children with recurrent disease/progressive thyroid cancer treated with
additional I-131/surgery/other vs a wait-and-see approach?
Conclusion No evidence was found. IEEle)
The expert panel concludes that current evidence is insufficient and prospective
studies are needed to evaluate outcome in children with recurrent disease/
progressive thyroid cancer treated with additional I-131/surgery/other vs a
wait-and-see approach.

18. What is the difference in outcome of DTC in children treated with different treatment than surgery and 1-131?

Conclusion Based on case reports, targeted therapy may play a role in the management of DOOO
disease in very rare cases of the pediatric patient with progressive 1-131-
refractory PTC, for which no standard therapy exists.

Follow-up

19. What is the sensitivity/specificity of neck ultrasound for recurrent DTC in follow-up of children who have been

treated for DTC?

Conclusion The sensitivity and specificity of thyroid ultrasound for recurrent DTC in follow-up DDDO
of children who have been treated with total thyroidectomy and radioiodine
therapy for DTC are 85.7 and 89.4% respectively.

20. What is the sensitivity of I-124, 1-123, as well as FDG PET/CT for DTC/thyroid rest or recurrent disease in follow-up

of children who have been treated for DTC?
Conclusion No evidence was found. EIEElE)
Prospective studies are needed to determine the sensitivity of radioiodine
imaging and FDG PET/CT for the detection of persistent or recurrent disease in
children who have been treated for DTC.
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Table 1 Continued.

Quality of

Research questions, conclusions of evidence evidence

21. What are the late effects of treatment of DTC? (cardiac late effects, salivary glands, psychosocial, bone,
female fertility)

Conclusion Cardiac dysfunction: in 21.2% of asymptomatic survivors, diastolic dysfunction
was found.

Salivary gland dysfunction: in 1.9-47.6 and 35.5% of the DTC survivors, salivary
dysfunction and xerostomia were found, respectively.

Quality of life: no differences were found in the course of life questionnaire
between DTC survivors and two non-affected groups (non-affected with cancer
and other CCS). Also, on most quality-of-life subscales, score of DTC survivors
and controls did not differ significantly. However, more physical problems, more
role limitations due to physical problems, and more mental fatigue were
described by DTC survivors.

Bone mineral density: no differences were found with respect to BMD and Z
scores at any site evaluated by DXA and in bone microstructure parameters
between DTC survivors and controls. However, calcium-D3 medication has a
beneficial effect on BMD. TSH-suppressive therapy does not affect BMD in
women treated for DTC at young age, at least after 10 years of follow-up.

Female fertility: no major abnormalities in reproductive characteristics and in
predictors of ovarian failure in female survivors of DTC who received I-131
treatment during childhood were reported.

22. Is presentation, outcome, and/or disease course of DTC in children with genetic syndromes different than in
children without genetic syndromes for which treatment and/or follow-up should be adjusted?

Conclusion In children DICER1 or PTHS, DTC does not seem to have a more aggressive

presentation, outcome, and disease course.

23. Is presentation, outcome, and/or disease course of DTC in children with a history of radiation exposure different
than in children without a history of radiation exposure for which treatment and/or follow-up should be adjusted?

Conclusion Presentation: CCS with subsequent DTC tended to have on average smaller

tumors and might have more often bilateral disease.

Disease course: inconsistent findings about difference in tumor characteristics
(ETE and LNM) were reported. ETE and LMN might be more frequently found in
radiation-induced thyroid tumors in children diagnosed in the Chernobyl region.

Outcome: no significant differences were found between CCS with subsequent
DTC and controls in the occurrence of surgical complications, recurrence rate or
disease-related death.

SIS

S SISIS]

SSISIS]

CCS, childhood cancer survivors; DTC, differentiated thyroid carcinoma; LND, lymph node dissection; PTC, papillary thyroid carcinoma; PTHS, PTEN
hamartoma tumor syndrome; rhTSH, recombinant TSH; TSH, thyroid-stimulating hormone.

The modified GRADE system was used to grade the quality of evidence: high (RCT evidence/meta-analysis -high-quality evidence (©&&®)); level 2:
moderate (intervention short of RCT or large observational studies - moderate-quality (®®6)); level 3: low quality (case-control studies, case series
- low-quality (®®O0)); levels 4: very-low quality (case reports, expert opinion - very-low-quality (H©66)) (9).

that require further research to improve management
of pediatric thyroid nodules and DTC (Table 2). The
final statements were formed by consensus of the expert
panel members. The strength of each statement was
scored as strong (S, a recommendation) or weak (W, a
suggestion - not a recommendation), depending on the

The recommendations and suggestions are listed
in Table 3.

[A] Organization of care and goals for
treatment of pediatric thyroid nodules and

clinical significance and weight of opinion favoring the
statement. Strong recommendations are clinically
important best practice and should be applied to most
patients in most circumstances. In contrast,
statements should be considered by the clinician and
will be applicable to best practice only to certain patients
or under certain circumstances. Strong statements are
associated with the phrase ‘we recommend’, and weak
statements are associated with the phrase ‘we suggest’ (10).

weak

differentiated thyroid carcinoma

A1. Target population: pediatric patients

The expert panel has formulated this guideline
specifically for children <18 years of age presenting with
a thyroid nodule or DTC. Special recommendations
for the management of DTC in this age group are
necessary because of differences in presentation and
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Table 2 Research goals for future studies on pediatric DTC
based on current gaps in literature

Research goals in pediatric DTC

Pediatric thyroid nodules

+ To upgrade the level of evidence and to (more certainly)
determine the prevalence of non-clinically relevant thyroid
nodules in childhood.

Pre-operative management

+ To determine the state of evidence upon measurement of
calcitonin in the diagnostic work-up of a thyroid nodule.

+ To determine the positive and negative predictive value of
molecular testing in an FNB specimen of a thyroid nodule
in a child for presence of DTC in a thyroid nodule.

+ To determine the predictive value of suspicious neck
ultrasound findings in a lymph for presence of a DTC
metastasis.

+ To determine whether other imaging modalities than neck
ultrasound contribute to evaluating the presence of lymph
node and or distant metastases pre-operatively.

Post-operative management

+ To determine which histopathological criteria are related
to distant/any metastases in childhood DTC.

+ To determine if molecular testing in pediatric thyroid
carcinoma tissue alters its management.

+ To compare the difference in outcome of DTC in children
treated with a prophylactic central and/or lateral lymph
node dissection vs no prophylactic central and/ or lateral
neck dissection.

+ To evaluate the outcome of pediatric DTC patients with
a small thyroid carcinoma and no suspicious lymph
nodes, treated with partial thyroidectomy/lobectomies/
isthmusectomies vs total thyroidectomy.

+ To evaluate outcome of small pediatric DTC not treated
with I-131 vs those treated with I-131.

+ To determine the most optimal I-131 activity effect curve
in treatment of pediatric DTC with least side effects.

+ To determine the beneficial effect of upfront systemic
therapy vs surgery.

Follow-up

+ To determine the benefit of neck US in addition to mea-
surement of serum Tg in the follow-up of pediatric DTC.

+ To evaluate outcome in children with measurable but not
rising Tg (incomplete biochemical response) treated with
I-131 vs a wait-and-see approach.

+ To evaluate outcome in children with recurrent disease/
progressive thyroid cancer treated with additional I-131/
surgery/other vs a wait-and-see approach.

+ To determine the sensitivity of I-124, 1-123, and FDG PET/
CT for DTC/thyroid rest or recurrent disease in follow-up
of pediatric DTC.

+ To define the risk factors for and clinical impact of adverse
effects of treatment for pediatric DTC.

genetics of DTC and the relevance of treatment-related
late effects of DTC in young individuals. Moreover,
monitoring changes in thyroid nodules in children is
not straightforward due to the dynamic changes during
development in childhood with a progressive increase
in thyroid volume. There is a paucity of data to guide

the interpretation of such changes and adult data have
limited relevance.

The cut-off age of 18 years may be considered
arbitrary, as the behavior, natural history, and
characteristics of DTC do not suddenly change at this
age. It must be taken into account that behavior and
characteristics of DTC change with increasing age. In
particular, patients in the age group of 16-25 years may
either have DTC that behaves as ‘typical’ childhood DTC
or may have a more ‘adult’-like behavior. Such patients,
presenting with ‘typical’ childhood DTC may benefit
from treatment along the pediatric guidelines, and it is
clear that future clinical trials to provide more data to
guide, age-appropriate management of thyroid cancer in
children and adolescents, are needed.

Due to these differences and the fact that adult
recommendations have been developed for individuals
aged >18 years, this recommendation is intended for
individuals <18 years of age.

A2. Thyroid expert team

Due to its rarity, centralization of care to expert centers
is an important step for improving the management and
outcome of children with DTC (11). For this reason, it
is recommended that children with DTC are treated in
a center with an experienced team of thyroid cancer
experts, including a pediatric and adult endocrinologist,
pediatric radiologist, (‘high volume’) pediatric thyroid
cancer surgeon, (‘high volume’) pediatric surgeon
experienced in thyroid surgery, pathologist, nuclear
medicine physician, clinical geneticist, pediatric
psychologist, and a pediatric oncologist. Centers with
a higher volume of pediatric thyroid cancer cases can
provide experience at each stage of the management
pathway, with, for example, specific expertise in
diagnostics and age-appropriate specialist nursing
support. For thyroid surgery specifically, previous studies
have shown that the higher number of thyroidectomies
per surgeon correlates with improved quality of
oncologic surgery as well minimizing rates of surgical
morbidity such as hypoparathyroidism and recurrent
laryngeal nerve injury (12, 13, 14).

We strongly recommend that patients are discussed
within the setting of a multidisciplinary expert team
in order to benefit from combined expertise and to
optimize outcomes while minimizing treatment-related
morbidity.
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Table 3 Overview of recommendations and suggestions in the 2022 European Thyroid Association Guidelines for the
management of pediatric thyroid nodules and differentiated thyroid carcinoma.

Location # Recommendation or suggestion

[A] Organization of care and goals for pediatric thyroid nodules and thyroid carcinoma
[A2] 1 Thyroid expert team
We recommend that a child with suspicion of thyroid cancer and proven DTC or MTC should be
referred to an experienced multidisciplinary thyroid team, specifically with experience in
pediatric thyroid cancer (4S).
[A3] 2 Goals of therapy for DTC in children
We recommend that children with DTC are stratified according to those who may benefit from
higher-intensity treatment vs those for whom lower-intensity treatment will suffice. By
stratification, the goals of therapy for pediatric DTC (to maintain the high survival rate with low
recurrence rate and to minimize adverse effects of treatment) will be reached (4S).

[B] Recommendations and suggestions for the pediatric thyroid nodule

[B2] 3A Risk of malignancy in thyroid nodule during childhood
3B We recommend thyroid ultrasound to assess the risk of cancer in a thyroid nodule, based on
multiple ultrasound characteristics. However, ultrasound alone cannot definitively distinguish a
benign thyroid nodule from thyroid cancer. For this reason, in suspect nodules, FNB is
recommended (Fig. 1) (2S).

The expert panel recommends, in children with thyroid nodule(s), a complete neck ultrasound to

evaluate all cervical levels for the presence of lymph node enlargement (4S).
[B5] 4A Children at high risk for developing DTC
4B We recommend that patients with a high risk of developing DTC (history of radiation exposure to the
thyroid or a thyroid cancer predisposition syndromes) should be counseled for surveillance (4S).

We suggest that initiation of surveillance and the decision regarding which surveillance modality
(neck palpation and optionally neck ultrasound) to use are the result of shared decision-making
between the physician and the high-risk patient (4W).

[B6] 5 Diagnostic value of serum calcitonin in a child with a thyroid nodule

We suggest that, in selected cases (conditions which suggest MEN2, a positive family history of
MEN?2 or in case of bulky thyroid disease), measurement of calcitonin may be of additional value
for early diagnosis of MTC (4W).

[B8] 6 Molecular testing in FNB specimen

We suggest that molecular gene analysis for presence of BRAF V60OE mutation in a FNB specimen
may be helpful for diagnosis of PTC and therefore may be considered in the diagnostic work-up.
The presence of PTC however must be confirmed cytologically or histologically before total
thyroidectomy is performed (4W).

[B9] 7A Role of surgery for benign thyroid lesions
7B We recommend that benign nodules should be followed by serial ultrasound and undergo repeat
FNB if suspicious features develop (4S).

We suggest hemithyroidectomy for benign nodules, performed by an experienced high-volume
pediatric thyroid cancer surgeon, in patients with compressive symptoms, cosmetic concerns, or
according to patient/parent preference after counseling of the possible benefits and risks of
thyroid surgery (4W).

[B10] 8A Autonomous thyroid nodules in children
8B We suggest hemithyroidectomy for autonomous nodules during childhood, which must always be
performed by an experienced high-volume pediatric thyroid cancer surgeon (4W).

We recommend discussion of the advantages and disadvantages of surgery vs radioiodine
treatment using shared decision-making in each individual case (4S).

[C] Recommendations and suggestions for the management of pediatric differentiated thyroid carcinoma
[C1] 9A Pre-operative evaluation

9B We recommend neck palpation, comprehensive neck ultrasonography, and laboratory work-up as
9C minimal pre-operative evaluation measures in the pediatric population. The expert panel suggests
9D further genetic or imaging diagnostics in case of suspicion of familial or extensive disease (4S).

We suggest additional pre-operative investigations using MRI or low-dose non-contrast CT in case of
bulky disease or suspicion of lung metastases (4W).

We recommend confirmation with FNB of suspicious lateral lymph nodes (size, aspect, or
ultrasound characteristics) (4S).

We suggest assessment of vocal cord function in children with bulky disease pre-operatively (4W).
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Table 3 Continued.

Location # Recommendation or suggestion

[C2] 10A Surgical approach for DTC (Fig. 2)
10B We suggest total thyroidectomy as treatment for children with DTC (3W). See Recommendation 10C
10C for exceptions.

We recommend that future studies are conducted that evaluate the impact of limited surgery for
pediatric DTC with respect to recurrence and remission rates (4S).

We suggest that, in pediatric patients with incidentally found, very small thyroid carcinoma, and
non-aggressive histological features, hemithyroidectomy may be considered as therapeutic

option (4W).
[C3] 11A Therapeutic central and lateral lymph node dissection
11B We suggest that prophylactic central lymph node dissection should only be performed in advanced
11C pediatric thyroid cancer (extracapsular extension, vascular invasion, distant metastases). It can be

avoided or limited to ipsilateral ymphadenectomy in patients without suspicious features for
advanced thyroid cancer on neck ultrasound (4W).

We suggest that therapeutic central lymph node dissection is always recommended in pediatric
DTC in case of suspicious central lymph nodes based on neck ultrasound or intraoperative
assessment, or perioperative visible extracapsular tumor growth (4W).

We recommend that therapeutic lateral lymph node dissection is performed in all children with
pre-operatively proven lymph node metastases or in case of evident (pathological) lateral lymph
node(s). The expert panel does not recommend prophylactic lateral lymph node dissection (4S).

[C4] 12 Surgical complications of thyroidectomy and neck dissection

We recommend that all children with DTC should be operated on by high-volume pediatric thyroid
cancer surgeons with experience in pediatric thyroid cancer and who are embedded in a center
with expertise in the management of DTC (4S).

[C5] 13A Post-operative staging
13B We recommend that post-operative staging is done using the surgical report, histological report,
measurement of Tg, and I-131 post-therapy scintigraphy (4S).

We suggest that the AJCC TNM classification system is used to describe the extent of disease in
pediatric DTC (4W).

[C6] 14A [-131 therapy
14B We suggest that I-131 therapy is indicated for all children following total thyroidectomy, for the
14C treatment of persistent locoregional, or nodal disease that cannot be resected for as well as iodine

avid distant metastases (M1) (4W).

We suggest that, for patients with persistent disease following post-operative 1-131 therapy, the
decision to pursue an additional course
of 1-131 therapy should be individualized according to previous response (4W).

We suggest that the minimal interval between I-131 treatment in childhood for DTC be
recommended to be around 1 year (4W).

[C7] 15 1-131 activity

We suggest that an individual patient-based approach is used to calculate the optimal activity of
I-131 taking into account the potential side effects of I-131 with increasing activity. The preferred
individual administered activity should be discussed in the multidisciplinary tumor board taking
the individual characteristics of the patient into account (4W).

[C8] 16A Preparation of the patient for treatment with [-131
16B We recommend that TSH stimulation (>30 ml/L) is induced before I-131 therapy in order to facilitate
16C [-131 uptake (4S).

We suggest that stimulated TSH can be achieved either using thyroid hormone withdrawal or
rhTSH. The expert panel did not reach consensus on the optimal way of preparation. The decision
for one against the other is up to the clinical experience of the treating team (3W).

We suggest that a low iodine diet for at least 4 days before I-131 therapy may be favorable for
jodine uptake (4W).

[C9] 17 Targeted therapy for pediatric DTC
We suggest that, in specific cases, treatment with targeted therapy may be considered, but this
should preferably only be given in the setting of clinical trials (4W).
[C10] 18A Somatic molecular testing (in thyroid carcinoma tissue)
18B We suggest that molecular testing in pediatric thyroid carcinoma tissue be recommended in research
setting but that the result has currently no consequences for pediatric DTC management (4W).

We suggest that for cases with I-131 refractory DTC, molecular testing in pediatric thyroid
carcinoma tissue be recommended as the result may have consequences for pediatric DTC
management (4W).
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Table 3 Continued.

Location # Recommendation or suggestion
[C11] 19A Treatment for pediatric radiation-induced DTC
19B We suggest that children with radiation-induced DTC undergo total thyroidectomy because of

the increased risk for bilateral disease (3W).
We suggest that for CCS with DTC, specific medical and psychosocial considerations should be
taken into account, requiring an individual treatment and follow-up plan (4W).
[C12] 20 Treatment for DTC in children with genetic syndromes
We do not suggest adjustment of treatment or follow-up for children with DTC and DICER1 or PHTS
or any other tumor predisposition syndrome (3W).

[D] Surveillance and follow-up of pediatric differentiated thyroid carcinoma

[D1] 21A TSH levels during follow-up (Fig. 3)
21B We suggest that TSH levels should be kept suppressed with concomitant high-normal values of FT4
until full clinical remission, while a low-normal value of TSH (between 0.3 and 1.0 mU/L)) should be
advised thereafter (4W).
We suggest measurement of TSH and FT4 to monitor the level of suppression or substitution of the
LT4 therapy every 3-6 months during growth and puberty and thereafter once a year (4W).

[D2] 22A Tg measurement during follow-up
22B We recommend that serum Tg is a reliable marker in the follow-up after treatment for DTC in
22C childhood. The expert panel suggests that serum Tg should be assessed every 6 months during

the first 3 years and annually thereafter (4S).

We suggest that, in case of circulating TgAbs, these may be measured as ‘alternative’ tumor marker
(4W).

We suggest that a highly sensitive Tg assay should preferably be used in the follow-up of pediatric
DTC patients (4W).

[D3] 23A Ultrasound during follow-up
23B We recommend follow-up with neck ultrasound in combination with serum Tg measurement for
23C detection of recurrent DTC (2S).

We recommend that neck ultrasound is performed by a professional with experience in neck
ultrasound in childhood (4S).

We suggest that annual neck ultrasound is performed in the first 5 years of follow-up. In low-risk
patients, the expert panel suggests, after the first year of follow-up, to only perform neck
ultrasound in cases with rising Tg or TgAbs or suspicion of recurrence of disease to avoid
false-positive findings (4W).

[D4] 24A Other imaging modalities (1-131, 1-124, |-123, or FDG PET/CT scans) during follow-up
24B We suggest that children with undetectable Tg on LT4 during follow-up after treatment for DTC
should not undergo other imaging modalities (I-131, I-124, I-123, or FDG PET/CT scans) (4W).

We suggest that, in children with detectable (but not rising) Tg on LT4 and no focus on neck
ultrasound, in individual cases, 1-123 scanning may be considered. If no source of Tg is found,
serum Tg and serum TgAbs must be followed every 3-6 months. In case of further rising Tg or
TgAbs, further imaging is indicated (4W)

[D5] 25A Persistent/recurrent cervical disease
25B We suggest performing neck ultrasound in children with consistently rising Tg on LT4 or TgAbs. In
these cases, additional I-123 and/or FDG PET scanning may be considered. Surgery or 1-131
therapy is indicated depending on the size, tumor load, and degree of progression (4W).

We suggest that empiric I-131 iodine treatment be only recommended if the abovementioned

diagnostic modalities have failed to identify a source of rising Tg on LT4 or rising TgAbs (4W).

[D6] 26A Pulmonary metastases and follow-up
26B We recommend that I-131 is the first-line therapy for patients with pulmonary metastases (4S).
26C We suggest that a pulmonary function test should be performed, before repeated I-131 treatment

of patients with diffuse lung metastases (4W).

We recommend that in children with a previous history of drugs causing pulmonary toxicity such
as bleomycin, I-131 treatment must be given with extra caution given the risk for pulmonary
fibrosis (4S).

[D7] 27A Radioiodine refractory disease
27B We suggest that, when radioiodine refractory disease is suspected, its presence should be
thoroughly investigated and confirmed before considering systemic targeted therapy. An
observation or wait-and-see strategy may be appropriate (4W)

We suggest that targeted therapy should be reserved only for patients with large-volume disease
which is significantly progressing on TSH-suppressive therapy and not amenable to surgical
approach and should preferably be given in a research setting (4W).
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Table 3 Continued.

Location # Recommendation or suggestion
[D8] 28A Late effects of treatment of DTC
28B We suggest counseling pediatric DTC patients about the risk of developing recurrent laryngeal
28C nerve injury or hypoparathyroidism after thyroid surgery and salivary gland dysfunction after
28D exposure to I-131. In addition, the potential risk of subsequent primary neoplasms after 1-131
28E treatment related to I-131 activity and possible risk for cardiac dysfunction after prolonged TSH
28F suppression should be mentioned (3W)
We recommend that the recurrent laryngeal nerve and parathyroid gland function is monitored
post-operatively (3S).
We suggest that all post-pubertal males who receive I-131 may be counseled upon the possibility of
(transient) decreased fertility and semen preservation could be offered (3W).
We suggest that all pediatric DTC patients receive additional calcium and vitamin D
supplementation therapy for optimal bone mineralization during follow-up (4W).
We suggest that all patients with pediatric DTC should be offered psychosocial support (4W).
We suggest that future studies should further evaluate the prevalence and clinical significance of
diastolic dysfunction in survivors of pediatric DTC after prolonged TSH suppressive therapy (4W).
[D9] 29 Follow-up scheme and transition to adult care

We suggest to continue follow-up of children with DTC for at least 10 years; thereafter, the
follow-up strategy should be the result of shared decision-making between the physician and the

patient (4W).

(S) Strong recommendations are clinically important best practice and should be applied to most patients in most circumstances. (W) Weak statements
should be considered by the clinician and will be an applicable best practice only to certain patients or under certain circumstances.

CCS, childhood cancer survivor; DTC, differentiated thyroid carcinoma; FDG PET/CT, [18F] fluorodeoxyglucose positron emissive tomography computed
tomography; FNB, fine needle biopsy; I-123, iodine-123; 1-124, iodine-124; 1-131, iodine-131/radioactive iodine; PHTS, PTEN hamartoma syndrome; Tg,

thyroglobulin; TSH, thyroid stimulating hormone

Recommendation 1:

We recommend that a child with suspicion of thyroid
cancer, proven DTC or medullary thyroid carcinoma
(MTC), should be referred to an experienced
multidisciplinary thyroid team, specifically with
experience in pediatric thyroid cancer (4S).

A3. Goals of therapy for DTC in children

The management of pediatric DTC is challenging given
that children present more often with extensive and
aggressive disease which has, however, little impact
on life expectancy. This emphasizes the importance of
considering and minimizing the long-term side effects of
treatment. The optimal treatment approach to pediatric
DTC may be complex and cannot be generalized due to
variation in the individual presentation, risk factors,
and prognosis. In the management of pediatric DTC,
defining several goals of therapy may contribute to the
improvement of outcomes.

The survival rates of children with DTC are generally
excellent (10-year survival >98%) (2, 15). The first
important goal of management is to maintain this
excellent prognosis of pediatric DTC.

Unfortunately, life-long
complications are frequently seen, of which the most

treatment-related

common are hypoparathyroidism, recurrent laryngeal
nerve injury, and salivary gland dysfunction (sections
‘1-131 therapy’ and ‘Late effects of treatment’). Therefore,
the second important goal of DTC management is to
minimize short- and long-term adverse effects (14, 16).

In order to achieve these two goals, children with
DTC should be stratified according to risk, to determine
individualized plans.
stratification may prospectively identify children who
will benefit from higher-intensity treatment vs those in
whom lower-intensity treatment will suffice.

treatment Successful  risk

Recommendation 2:

We recommend that children with DTC are
stratified according to those who may benefit from
higher-intensity treatment vs those for whom lower-
intensity treatment will suffice.

By stratification, the goals of therapy for
pediatric DTC (to maintain a high survival rate with
low recurrence rate and to minimize adverse effects of
treatment) will be reached (4S).

[B] Recommendations for pediatric
thyroid nodules

The management of thyroid nodules in children is
challenging with the obvious goal to identify children
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with a malignant nodule, because a benign nodule does
not always require treatment. Thyroid cancer is very rare
in childhood with a reported prevalence of 1:1,000,000
in children < 10 years, and up to 1:75,000 in children of
15-19 years of age when diagnosed based on clinical signs
and symptoms (17). When populations are screened,
ultrasound (US) may detect small, clinically unapparent
DTCs at higher incidences, without evidence that
treatment of such nodules will decrease mortality rates or
improve patient health outcomes (18).

The prevalence of benign thyroid nodules in
childhood has been described to be around 0.5-2%
dependent on the screening method, either by palpation
(19) or US (20), and on the definition of size that is
documented (>5 mm or >10 mm). When offering
thyroidectomy for benign disease, the possible lifelong
adverse events of surgery must be borne in mind,
starting with the lifelong need for levothyroxine (LT4)
replacement therapy after thyroidectomy and, in a
small but significant percentage of cases, permanent
hypoparathyroidism that will also require a lifelong need
for calcium and vitamin D replacement therapy (21).

B1. Prevalence of incidental (non-clinically relevant)
thyroid nodules during childhood

In adults, asymptomatic small thyroid nodules are
very common (increasing with age) and are often
found incidentally (22). The majority of these remain
asymptomatic for the rest of their lives.

The expert panel questioned the prevalence of non-
clinically relevant thyroid nodules during childhood
(Appendix A, [Q9]). A literature search was performed
(Appendix B). The largest data resource was found in the
surveillance programs in Fukushima and other parts of
Japan that were not contaminated (Aomori, Yamanashi,
and Nagasaki). These data revealed that the prevalence
of US-detected thyroid nodules of >5 mm or cysts of
>20 mm in Japanese children is around 1.0% (20). The
prevalence of non-clinically relevant thyroid nodules
in childhood was found here to vary between 0.6 and
2% (Appendix C) (23, 24). Based on these results, the
expert panel suggests that prospective studies should be
performed to increase the level of evidence to provide
more certainty in determining the prevalence of non-
clinically relevant thyroid nodules in childhood in
different populations. However, when conducting such
a study, the potential harm caused by association of

over-diagnosis should be outweighed for the benefit of
detection (21).

B2. Risk of malignancy in a thyroid nodule
during childhood

Thyroid nodules in children are reported to be at two-
to three-fold increased risk of being malignant when
compared to thyroid nodules in adults. Dependent on
the background iodine status of the country (due to the
fact that in iodine-deficient countries, thyroid nodules
are more prevalent), the risk for children of a clinically
relevant thyroid nodule (>1 cm) being malignant is
20-25% compared to in 5-10% for a thyroid nodule in
adults, respectively (25, 26, 27).

The expert panel questioned the state of evidence
of using neck US to distinguish a benign thyroid nodule
from thyroid cancer in a child (Appendix A [Q1]). A
literature search was performed (Appendix B). For this
question, studies were only included when the respective
investigators were blinded for the outcome of the
assessment modality.

The specificity and sensitivity of thyroid US to
distinguish a benign thyroid nodule from thyroid cancer
in children were found to vary depending on which US
characteristic was assessed and on the use of combinations
of such characteristics (Appendix C). The sensitivity for
the following US characteristics was: hypoechogenicity:
52.2-63.0% (28, 29), calcifications: 5.3-63.6% (28,
29, 30), taller-than-wide shape: 21.2-26.4% (28, 30),
irregular margin: 51.9-73.3% (29, 30, 31), and increased
vascularization: 69.6-90.9% (29, 30). When characteristics
were combined, the sensitivity of combined radiographic
features increased to 28.1-93.2% (30, 32, 33). The
specificity of the US characteristics was reported as follows:
hypoechogenicity: 50.2-84.0% (28, 29), calcifications:
89.2-98.5% (28, 29, 30), taller-than-wide shape: 89.7-
92.3% (28, 30), irregular margin: 80.2-94.4% (29, 30, 31),
and increased vascularization: 25.9-97.8% (29, 30). When
features were combined (depending on study), specificity
increased and varied between 41.4 and 100% (30, 32, 33).

There are several US scoring systems to help stratify
for which nodules fine-needle biopsy (FNB) (including
fine-needle cytology) is indicated (34, 35, 36). The
performance of the US scoring systems is comparable;
however, their limitations should be recognized, as these
scoring systems are based on adult populations and have
not been validated in children. For example, the adult
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dimensional criteria should not be applied to children

who often have smaller thyroid dimensions (37, 38). As Recommendation 3A:

mentioned, several specific individual US features may We recommend to undergo thyroid US to assess the
increase the likelihood of a nodule being malignant. It is risk of cancer in a thyroid nodule, based on multiple
important that investigators recognize and identify these US characteristics. However, US alone cannot
features so they can guide appropriate management. A definitively distinguish a benign thyroid nodule from
US scoring system should be used to systematically report thyroid cancer. For this reason, in suspect nodules,
these (suspicious) features of the nodule. FNB is recommended (25) (Fig. 1).

Suspected thyroid nodule

v

Neck ultrasound
Performed by an experienced professional

Y

Calcitonin® Confirmed nodule —  TSH
Calcitonin elevated TSH Suppressed
A 4 |
N N > Malignancy risk* < o
Severely " Scintigraphy
elevated _ v v |
Midly Suspicious No Autonomous
elevated nodule suspicion nodule
5 FNB US control after
6-12 months
\ 4
Total \ 4 Y \ 4 \ 4 Y Hemi-
thyroidectomy” Non- Benign Indifferent || Suspicious || Malignant | | thyroidectomy™”
diagnostic Bethesda 2 Bethesda Bethesda 5 Bethesda 6
Bethesda 1 3& 4™
; ; ' |
Repeat neck US control after .
ultrasound and | 6-12 months for If'\:epgat FN? h I-!gml- h chjtal
FNB after at least 5 years after 6 months thyroidectomy thyroidectomy
minimal 3
months |

Figure 1

Flowchart of initial evaluation, treatment, and follow-up of the pediatric thyroid nodule. #The expert panel suggests considering the measurement of
serum calcitonin in children suspect of MTC based on individual conditions and the preference of the physician (Recommendation 5A). The expert panel
suggests that, in selected cases (conditions which suggest MEN2, a positive family history of MEN2, or in case of bulky thyroid disease), measurement of
calcitonin may be of additional value for early diagnosis of MTC (Recommendation 5B). *Malignancy risk (suspicious vs no suspicion) is based on neck
ultrasound characteristics (37), section ‘B2. Risk of malignancy in a thyroid nodule during childhood’), history of radiation, and (signs of a) pre-disposition
syndrome. If there is a significant increase in nodule size or the ultrasound characteristics change over time, (repeated) FNB should be performed.
**Analysis of the presence of other oncogenic drivers and gene fusions (e.g. RET/PTC and NTRK-fusions) may be considered in Bethesda 3, 4, or 5 due to
the fact of increasing awareness that these are also associated with the presence of PTC (39). In case a BRAF V600E mutation is found, the risk of the
thyroid nodule being malignant is high but needs to be confirmed, for example, by frozen section during thyroid surgery. “Total thyroidectomy after
proven presence of MTC. “Alternatively, FNB can be performed; in case of DTC, a total thyroidectomy should be performed.
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Recommendation 3B:

The expert panel recommends, in children with
thyroid nodule(s), a complete neck US to evaluate
all cervical levels for the presence of lymph node
enlargement (4S).

B3. Presence of lymph node metastases

The expert panel questioned (1) the sensitivity and
specificity of suspicious US findings in a lymph node for
predicting the presence of DTC metastasis and (2) whether
imaging modalities other than neck US could contribute
to evaluating the presence of lymph node and/or distant
metastases pre-operatively (Appendix A [Q2, QS]).
Literature searches were performed (Appendix B); however,
for both questions, no studies were found with evidence
regarding the sensitivity and specificity of different
suspicious US characteristics in a lymph node predicting
DTC presence in childhood. Therefore, the expert panel
referred to adult literature, in which the sensitivity of the
US characteristics predictive of malignant lymph node
involvement was reported as follows: microcalcifications:
5-69%, cystic aspect: 10-349%, peripheral vascularity:
40-86%, hypoechogenicity: 30-87%, and round shape:
37% (40, 41). The specificity was reported as follows:
microcalcifications: 93-100%, cystic aspect: 91-100%,
peripheral vascularity: 57-93%, hypoechogenicity:
43-95%, and round shape: 70% (40, 41).

At the time of review of these guidelines, a first study
including children had been published. In this study
including 52 children and adolescents with proven
DTC, a significant association was seen between
abnormal lymph node histology and round shape
(P=0.0002) and abnormal echotexture (P < 0.0001)
or vascularity (P < 0.0001) (42). Sonographic
findings correctly predicted whether the nodes were

11:6 e220146

histologically involved with metastatic disease in 42/52
(81%). Sensitivity of sonography was 79%, specificity
was 84%, positive predictive value was 90%, negative
predictive value was 70%, and accuracy was 81%. These
new results may be used to guide the investigator and
emphasize the importance of performing neck US by an
experienced thyroid ultrasonographer.

B4. Histopathologic characteristics of DTC

PTC is the dominant variant of DTC. Several low- and
high-risk (of extent of disease) subtypes of PTC are
described, such as the follicular variant (low risk) and
tall cell and diffuse sclerosing variants (high risk)
(Table 4) (43).

Although the expert panel was aware of the fact
that, during development of these guidelines, the
5th World Health Organization (WHO) classification
system of thyroid carcinoma would be developed, and
for this current ETA Guideline, the committee agreed to
refer to the most recent published thyroid
classification system, the 4th WHO classification
system (44).

Low-risk subtypes, such as classic and follicular
variants of PTC, account for the majority of DTC and are
found in 63-85% (43 ,45). High-risk histologic subtypes of
PTC are reported to occur in 15-37% of PTC in children,
including the tall-cell variant (7-13%), diffuse sclerosing
variant (7-16%), and the solid/trabecular variant (1-4%)
(43). The coexistence of foci of poorly differentiated
carcinoma (PDTC) occurs in 2-6% cases of high-risk PTC
in children (43).

The diffuse sclerosing variant of PTC occurs in
relatively young patients and has been associated with
lymphocytic thyroiditis and circulating antibodies.
These patients tend to have lymph node and lung
metastases at the time of initial diagnosis (46). The

Table 4 High- and low-risk histological subtypes of DTC and high-risk pathologic characteristics for extent of disease

High risk

Low risk

A. Histological subtypes

Tall cell variant of PTC

Diffuse sclerosing variant of PTC
Solid/trabecular variant of PTC
Poorly differentiated carcinoma

B. High-risk characteristics found at pathological examination

Multifocal disease
Bilateral disease
Extracapsular invasion
Extra thyroidal extension

Follicular variant of PTC
Classic variant of PTC
Encapsulated PTC

Table based on Balachander et al. (45), Baumgarten et al. (52), Jain et al. (51).
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survival rate is not significantly different from classic
PTC. Cribriform-morular thyroid carcinoma is an entity
independent from PTC and is classically associated
with familial adenomatous polyposis and also occurs
due to somatic mutations (47). The prognosis of
cribriform-morular thyroid carcinoma is good, mainly
because these tumors tend to be encapsulated/well-
circumscribed (48).

Follicular thyroid carcinoma (is very rare during
childhood and is wusually minimally invasive (49).
Anaplastic carcinomas are extremely rare in children (50).

Histopathology is the cornerstone in post-operative
staging of DTC. Particularly, extrathyroidal extension
is reported to be predictive for regional lymph node
metastasis in pediatric DTC (51, 52).

In the new 5th WHO classification, micro-PTC is no
longer considered as variant of PTC, which may be even
more applicable in children than in adults (53). Also,
the term ‘poorly differentiated carcinoma’ is combined
for prognostic purpose with ‘follicular-cell derived
carcinomas with high-grade features’ encompassing both
the old PDC (‘insular carcinoma’) and PTC and FTC with
many mitoses and/or foci of necrosis are introduced.

B5. Children at high risk for developing DTC

Children with a history of exposure to neck irradiation,
I-131-MIBG or due to radioactive fallout (defined as
exposure to a thyroid dose of 100-500 mGy or more (54)),
with a positive family history for thyroid cancer or
known to have a thyroid cancer predisposition syndrome
(Table 5) may be considered as high risk of developing
thyroid nodules and DTC. When such children present
with a thyroid nodule, the risk of the nodule being
malignant is increased (55). Surveillance programs for
these patients aim to identify thyroid nodules suspicious
of DTC at an earlier stage so that overall morbidity and
mortality can be decreased. As with surveillance of general
populations, the potential benefits of surveillance should
outweigh any potential harm.

Several surveillance recommendations are available,
such as the 2018 International Guideline Harmonization
Group (IGHG) recommendations on thyroid cancer
surveillance in survivors of childhood, adolescent,
and young adult cancer (56), for children with thyroid
cancer predisposition syndrome such as DICER-1 and
PTEN hamartoma syndrome (PHTS) (57, 58, 59) and for
children after nuclear accidents (54).

The advantage of surveillance of patients at risk is
the detection of DTC at an earlier stage, which possibly

reduces the extent of surgery or additional radioiodine
therapy and, with that, morbidity. Furthermore, if
no cancer is found with surveillance, its intensity or
frequency may be reduced in these patients, which may
decrease fear of cancer.

Disadvantages of surveillance include the uncertainty
of the benefit of early treatment for DTC (since most
DTC can be cured) and false-positive results leading to
unnecessary interventions such as neck US and even FNB.
This may not only cause unnecessary anxiety, stress, or
inconvenience for the patient but also higher healthcare
costs and may represent a risk for complications following
unnecessary surgery. In addition, surveillance could lead
to detection of small nonaggressive DTC, which would
never have caused clinical problems and thus may lead to
overtreatment. Lastly, false-negative results of surveillance
will lead to inappropriate reassurance of the high-risk
patient (56).

For this reason, the IGHG has recommended to
aim for shared decision-making, to discuss the optimal
surveillance strategy together with the patient and family
taking into account individual patient circumstances
(56). There are both advantages and disadvantages
for screening with neck US or clinical neck palpation
(Table 6).

Initiation of surveillance and the decision regarding
which surveillance modality to use should be the result
of shared decision-making between the physician and the
high-risk patient.

Recommendation 4A:

We recommend that patients with a high risk of
developing DTC (history of radiation exposure to the
thyroid or a thyroid cancer predisposition syndromes)
should be counseled for surveillance (4S).

Suggestion 4B:

We suggest that the initiation of surveillance and the
decision regarding which surveillance modality (neck
palpation and optionally neck US) to use should be
the results of shared decision-making between the
physician and the high-risk patient (4W).

B6. Diagnostic value of serum calcitonin in a child
with a thyroid nodule

MTC arises from calcitonin-secreting parafollicular C
cells. MTC occurs as sporadic and/or hereditary disease
(70-75% and 25-30%, respectively). Adults have mostly
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Table 6 Arguments for and against DTC surveillance modalities

Arguments for and against DTC surveillance with neck

palpation

Advantages:

* Quick, inexpensive, and non-invasive.

+ High specificity (96-100%) for detecting a thyroid nodule
that might represent DTC (many true negatives and few
false positives for nodules).

Disadvantages:
+ Low sensitivity (17-43%) for detecting a thyroid nodule that

might represent DTC (few true positives and many false
negatives for nodules).

* Increase in unnecessary invasive procedures due to false-
positive screening results.

+ Detection of DTC at a more advanced stage (compared to
thyroid ultrasonography), possibly leading to increased
morbidity, recurrence, and mortality rate.

+ Diagnostic value depending on experience of the physician
(high-interobserver variation).

Arguments for and against DTC surveillance

with neck ultrasound

Advantages:

* Non-invasive.

+ High sensitivity (~95-100%) for detecting a thyroid nodule
that might represent DTC (many true-positives and few
false-negatives for nodules).

+ High specificity (~95-100%) for detecting a thyroid nodule
that might represent DTC (many true-negatives and few
false-positives for nodules).

+ Detection of DTC at an earlier stage (compared to neck
palpation).

Disadvantages:

+ Although the sensitivity and specificity to detect a thyroid
nodule are high, the diagnostic value of ultrasound for
predicting whether a detected nodule is DTC is poor: detec-
tion of a high number of benign thyroid nodules and small
nonaggressive DTC.

+ Increase in unnecessary invasive procedures due to false-
positive screening results.

« Diagnostic value depends on the experience of the ultraso-
nographer (high-interobserver variation).

DTC, differentiated thyroid carcinoma.

Adapted from Cancer Treatment Reviews, Vol 63, Clement SC, Kremer LCM,
Verburg FA, Simmons JH, Goldfarb M, Peeters RP, Alexander EK, Bardi E,
Brignardello E, Constine LS, et al., Balancing the benefits and harms of
thyroid cancer surveillance in survivors of childhood, adolescent and
young adult cancer: recommendations from the international Late Effects
of Childhood Cancer Guideline Harmonization Group in collaboration
with the PanCareSurFup Consortium, pages 28-39, Copyright (2018), with
permission from Elsevier (56).

sporadic disease, caused by somatic RET or RAS pathogenic
variants, while the vast majority of children have the
hereditary form, due to dominantly transmitted or de
novo germline RET proto-oncogene pathogenic variants
associated with multiple endocrine neoplasia (MEN)
2A or 2B. MTC accounts for approximately 5% of all
pediatric thyroid cancers, with an annual incidence of
0.03/100,000. In children affected with MEN2 syndrome,

the age of presentation of MTC depends on the nature
of the RET pathogenic variant that is present, and
prophylactic thyroid surgery is recommended to prevent
MTC accordingly (60).

MTC secretes calcitonin; its serum level begins to rise
with the development of C-cell hyperplasia and further
increases with progression to carcinoma. The expert
panel questioned what the state of evidence is to measure
calcitonin in the diagnostic work-up of a thyroid nodule
(Appendix A [QS8]). A literature search was performed;
however, no studies were found (Appendix B).

Although serum calcitonin is a sensitive test for MTC
when calcitonin is highly elevated, mildly elevated levels
are not specific and can be caused by various drugs, non-
thyroid non-malignant conditions, and assay interference
(61). Specificity can be improved by measuring calcitonin
after calcium stimulation (62). For children presenting
with a thyroid nodule who have a family history of MTC
or other MEN 2A or 2B-associated conditions, serum
calcitonin measurement is advised. However, no clear
evidence exists on the potential benefit of measuring
calcitonin on a routine basis in children presenting with
a thyroid nodule. However, since MTC > 1 cm will cause
severe elevation of calcitonin, a low calcitonin level in a
thyroid nodule of >1 cm excludes MTC. Therefore, the
decision for measuring calcitonin in a child presenting
with a thyroid nodule is based on individual conditions
and the preference of the physician. If a thyroid nodule
in a child is confirmed to be MTC, RET genetic screening
should be performed, since in the majority of cases of
MTC in children, a ‘de novo’ hereditary form or a ‘hidden’
hereditary form with an unknown family history has been
found (63).

The focus of these current guidelines is the
management and treatment of children with DTC;
therefore, the expert panel refers to previous studies
regarding the management and treatment of MTC in
children (64).

Suggestion 5:

We suggest that, in selected cases (conditions that
suggest MEN2, a positive family history of MEN2 or
in case of bulky thyroid disease), the measurement
of calcitonin may be of additional value for early
diagnosis of MTC (4W).

B7. Evaluation of the child with a thyroid nodule

See Fig. 1.
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B8. Molecular testing in FNB specimen

The evidence for the benefit of molecular testing in thyroid
nodules, in terms of clear clinical implications, is limited.
However, this is a rapidly changing field. The expert panel
questioned whether currently available evidence supports
performing molecular testing in the FNB specimen of a
thyroid nodule in a child to determine the likelihood of
it being malignant (Appendix A [Q3]). No evidence was
found for children (Appendix B, C).

Molecular alterations are found in 77-92% of
pediatric DTC (39, 65, 66, 67). In pediatric PTC, BRAF
mutations are less common compared to adults. BRAF
V600E mutations have not been found in benign thyroid
neoplasms (65). For this reason, molecular analysis of
a BRAF V60OE mutation in FNB specimens classified as
Bethesda 5 could be helpful for the diagnosis of PTC. In
case where a BRAF V600OE mutation is found, the risk of
the thyroid nodule being malignant is high but needs
to be confirmed, for example, by frozen section during
thyroid surgery.

Analysis of the presence of other oncogenic drivers
and gene fusions (e.g. RET/PTC and NTRK fusions)
may be considered in Bethesda 3, 4, or 5 due to the fact
of increasing awareness that these are also associated
with the presence of PTC (39, 68). A shift toward the
evaluation and management of pediatric DTC by
identifying oncogenic drivers and gene fusions in the
diagnostic work-up may be expected because knowledge
of these molecular alterations may increase the accuracy
of cytology results currently classified as indeterminate
(39). However, the expert panel agreed that the current
evidence is not sufficient to incorporate this as a standard
of care for all children with thyroid nodules suspicious
of DTC. Analysis of other oncogenic drivers and gene
fusions could be performed in a research setting.

Suggestion 6:

We suggest that molecular gene analysis for the
presence of BRAF V600E mutation in an FNB
specimen may be helpful for the diagnosis of PTC
and therefore may be considered in the diagnostic
work-up. The presence of PTC however must be
confirmed cytologically or histologically (preoperative
FNB or intraoperative frozen section) before total
thyroidectomy is performed (4W).

B9. Role of surgery for benign thyroid lesions

For benign thyroid lesions (thyroid cysts or nodules with
Bethesda II on FNB), follow-up is recommended with

US after 6-12 months. For a stable lesion, subsequent US
follow-up is recommended every 12-24 months, for at least
5 years (8).

When there is a significant change in palpable or US
characteristics, repeated FNB should be considered (69,
70). When benign nodules cause clinical symptoms (e.g.
compression symptoms and cosmetic concerns), surgery
may be the preferred choice of treatment (8, 71).

When a thyroid nodule is found in a child with a
background of Graves’ disease, there is a slightly increased
risk for malignancy (72). Indications for FNB however
do not change. When surgery is indicated in such
children, total thyroidectomy is recommended above
hemithyroidectomy.

In children, tumors of uncertain potential of
malignancy (oncocytic lesion and follicular neoplasia)
are diagnosed through FNB up to 35% (8). Studies
found that 28% of AUS/FLUS lesions and 58% of those
suggestive of follicular or Hurthle cell neoplasm are
malignant (73, 74), which prompts surgical treatment.
If FNB of the thyroid nodule shows indifferent results
(Bethesda 3 or 4), repeated FNB is suggested after 6
months (Table 3). If FNB again is indifferent, it is suggested
to discuss about the patient in the multidisciplinary
board regarding the subsequent appropriate diagnostic
approach (e.g. molecular imaging or diagnostic surgery).
Diagnostic hemithyroidectomy is the recommended
surgical approach for unifocal lateralized benign lesions.
Total or near-total thyroidectomy is recommended in case
of lesions in both lobes (e.g. symptomatic nodular goiter).

Recommendation 7A:

We recommend that benign nodules are followed by
serial US and should undergo repeat FNB if suspicious
features develop (4S).

Suggestion 7B:

Wessuggest hemithyroidectomy or total thyroidectomy
for benign nodules, performed by an experienced
high-volume pediatric thyroid cancer surgeon, in
patients with compressive symptoms, cosmetic
concerns, or according to patient/parent preference
after counseling of the possible benefits and risks of
thyroid surgery (4W).

B10. Autonomous thyroid nodules in children

Autonomous thyroid nodules are diagnosed as
autonomous nodule when thyroid-stimulating homone
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(TSH) is suppressed, and scintigraphy confirms the
functional hyperactivity of the nodule. Autonomous
nodules are wusually found in post-pubertal girls;
however, they are very rare in children, and (large)
cohort studies are lacking (75). As in adults, autonomous
thyroid nodules in children are mostly benign (76), but
malignancy may be present. Unlike Graves’ disease,
the autonomous thyroid nodule is usually progressive
and does not regress spontaneously. In children, such
nodules are most often caused by somatic mutations
that increase the constitutive activity of the TSH receptor
(TSHR). There are two treatment options for a permanent
cure of a hyperactive nodule: surgery or administration
of 1-131 therapy. Due to the risk of malignancy present
in an autonomous nodule during childhood (77), the
expert panel agreed to recommend surgery as preferred
treatment for the autonomous nodule in a child to obtain
definitive histological diagnosis. The administration of
1-131 may be considered for small nodules. An argument
in favor of 1-131 treatment is the avoidance of adverse
events due to thyroid surgery such as hypoparathyroidism
or recurrent laryngeal nerve injury (known complications
of thyroidectomy).

Suggestion 8A:

We suggest hemithyroidectomy for autonomous
nodules during childhood, which must always be
performed by an experienced high-volume pediatric
thyroid cancer surgeon (4W).

Recommendation 8B:

We recommend discussion of the advantages and
disadvantages of surgery vs radioiodine treatment
using shared decision-making in each individual
case (45).

[C] Thyroid carcinoma management guideline

C1. Pre-operative evaluation

Pre-operative evaluation of the child with DTC must
comprise a clinical and comprehensive neck US
investigation, laboratory testing, and FNB, flanked by
genetic testing when family history is suggestive of
familial disease (78, 79, 80). Palpation of the neck may
identify pathological thyroid nodules or lymph nodes;

however, US examination including all six cervical
lymph node levels is more sensitive and well tolerated.
US can be useful to guide FNB allowing cytology and/
or molecular work-up to guide broader examination.
Where there is suspicion of extrathyroidal, extensive
neck nodal, or infiltrative disease, anatomic imaging
modalities, for example MRI or CT, may be valuable to
direct surgery (78, 79, 80).

Vocal cord exam can be of additional value in
children with bulky disease to be optimally informed pre-
operatively. The expert panel questioned the sensitivity
of different imaging modalities for the presence of pre-
operative metastasis (Appendix A [QS5]). A literature
search was performed; however, no literature was found
(Appendix B).

The expert panel agreed that in children with large or
fixed thyroid masses, vocal cord paralysis, bulky metastatic
lymphadenopathy, or (suspected) tumor invasion in the
esophagus or trachea determined by physical examination
or extensive neck US, a pre-operative MRI of the neck is
recommended.

Local advanced disease, with the exception of
metastatic lymphadenopathy, is rare in children. In
case of extensive cervical lymphadenopathy, the expert
panel suggests considering a low-dose CT of the thorax
without contrast medium to assess the presence of
pulmonary metastases; however, these metastases will
also become visible at the moment of 1-131 scanning. A
contrast-enhanced CT is best avoided unless explicitly
desired for surgical planning. If contrast-enhanced CT is
performed, there should be an interval of at least 6 weeks
to several months before I-131 treatment is given to
optimize the uptake of I-131 in the benign or malignant
thyroid cells.

In case of suspicious lateral neck lymph nodes (size,
aspect, or US characteristics), FNB is recommended to
confirm metastases. In addition, thyroglobulin (Tg)
measurement on needle-washing fluid could be considered
to confirm metastases.

Recommendation 9A:

We recommend neck palpation, comprehensive neck
ultrasonography, and laboratory work-up as minimal
pre-operative evaluation measures in the pediatric
population. The expert panel suggests further genetic
or imaging diagnostics in case of suspicion of familial
or extensive disease (4S).
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Suggestion 9B:

We suggest additional pre-operative investigations
using MRI of the neck and/or low-dose non-contrast
CT of the thorax in case of bulky disease or suspicion
of lung metastases (4W).

Recommendation 9C:

We recommend confirmation of suspicious lateral
lymph nodes (size, aspect, or US characteristics) with
FNB (495).

Suggestion 9D:
We suggest the assessment of vocal cord function in
children with bulky disease pre-operatively (4W).

C2. Surgical approach for DTC

Surgical approach for DTC (in general)

In the majority of cases, pediatric thyroid cancer presents
with locally advanced tumor growth and early cervical
lymph node metastases, which impact surgical approach
and distinguish the management of pediatric DTC from
adult DTC.

In the discussion of whether subtotal thyroid resection
or lobectomy should be considered instead of total
thyroidectomy in the treatment of pediatric DTC; the
associated complication risks (i.e. hypoparathyroidism
and recurrent laryngeal nerve palsy) need to be weighed
against the likelihood of persistent and recurrent DTC
(81, 82). Total thyroidectomy is required to enable
radioiodine therapy (78, 81, 82). Adequate primary surgery
is the premise to avoid neck recurrence and defines the
ongoing course of the disease (78, 81, 82).

The expert panel questioned the difference in the
outcome of pediatric DTC after total thyroidectomy
vs hemithyroidectomy or subtotal thyroidectomy
(Appendix A [Q10]). A literature search was performed
(Appendix B, C).

One study reported a possible superiority of total
thyroidectomy to subtotal thyroidectomy in pediatric
DTC from a perspective of disease/recurrence-free survival
(univariate analysis) (83). However, in a multivariate
analysis, no difference in outcome was found between total
thyroidectomy and subtotal thyroidectomy (83, 84). Bal
et al. (2015) found total thyroidectomy to be a significant
prognostic factor for remission (univariate analysis and
multivariate analysis) (85).

e220146

Disease-free survival in children with low-risk
disease without clinically apparent nodal disease
(by pre-operative physical examination, US, FNB,
and intraoperative inspection) and without gross
extrathyroidal extension (based on imaging/
clinical features) treated by lobectomy was shown
not to be inferior to that in children treated by total
thyroidectomy (86). With these results in mind, the
excellent prognosis of childhood DTC and the necessity
to minimize the risk of complications and to maintain
quality of life, less extensive surgery may be considered
more frequently in low-risk pediatric patients (78).
However, studies about the impact of limited surgery on
recurrence and remission rates in children are lacking.
For this reason, prospective studies are needed before
such recommendations can be made.

Surgical approach for co-incidentally found, very
small DTC (exception)

Due to the fact that the diameter of thyroid cancer is not
related to the presence of cervical lymph node metastases
(87), total thyroidectomy is recommended in all children
with DTC regardless of the size of the nodule. However,
as mentioned above, considering the excellent prognosis
of DTC, the expert panel questioned whether children
with very small lesions (found coincidentally) with no
clinical signs could be treated differently (Appendix
A [Q11]). A literature search was performed. No studies
were found to evaluate differences in outcome between
patients with DTC < 1 cm (also defined in literature
as thyroid microcarcinoma (TMC)) treated with total
thyroidectomy vs hemithyroidectomy or subtotal
thyroidectomy.

Two studies were found that reported no differences
in disease-specific survival and overall survival between
patients with TMC and patients with DTC > 1 cm,
although patients with TMC were more often treated
with subtotal thyroidectomy/lobectomy/
isthmusectomy, with no additional I-131 treatment (88,
89) (Appendix B, C).

Prospective studies are necessary to evaluate if
pediatric patients with small thyroid carcinoma may
be treated with less extensive surgery in case of non-
aggressive disease. For such studies, it may be considered
to offer limited surgery to those with determinants for
excellent recurrence-free and overall survival, such as
classical PTC or intrathyroidal tumor localization with
intact capsule (83, 88, 90).

The expert panel discussed the approach to a child
with ‘incidental’ DTC found on post-surgical pathology
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for another presumed benign thyroid condition, for
example, hemithyroidectomy, for autonomous nodule
or multinodular goiter. A small case series (26 patients,
all adults) was found that showed no difference in
outcome (i.e. disease-free at median follow-up of 4 years)
in patients who underwent total thyroidectomy vs
active surveillance (91). Similar to the 2015 ATA Pediatric
Guideline, the expert panel recommends extensive neck
US in these cases to detect contralateral disease/regional
lymph node spread (8). Patients with no disease in US
may be stratified as low risk and regular surveillance
screening can be undertaken. In patients who are found
to have contralateral disease/regional lymph node
involvement in US, cytological confirmation of the node
should be performed.

Suggestion 10A:

We suggest total thyroidectomy as treatment for
children with DTC (3W). See Recommendation 10C
for exceptions. See Fig. 2.

Recommendation 10B:

We recommend that future studies be conducted
that evaluate the impact of limited surgery for
pediatric DTC with respect to recurrence and
remission rates (4S).

Suggestion 10C:

We suggest that, in pediatric patients with
incidentally found, very small thyroid carcinoma
and non-aggressive histological features,
hemithyroidectomy may be considered as
therapeutic option (4W).

C3. Therapeutic central and lateral neck dissection

The expert panel agreed that the indication for central
and/or lateral lymph node dissection (LLND) is based on
pre-operative clinical assessment with neck palpation
and extensive US or other imaging modalities suggesting
nodal neck disease. The indication for compartment-
oriented LLND is lymph node metastasis identified by
neck US and diagnosed in FNB and/or Tg measurement on
needle-washing fluid. In children, the risk of lymph node
metastasis is higher than in adults.

However, often, the predictors of nodal neck disease
of DTC such as tumor size of T3/T4, tumor multifocality,
thyroid capsule infiltration, diffuse sclerosing variant,
lymphatic and vascular invasion can only be assessed
post-operatively (87, 92). Frozen section histopathology
may help to identify all or some of these features. The
incidence of positive lymph nodes can only be assessed
in routine systematic neck dissection, which results in

DTC in children

Diagnosed pre-
operatively in FNB

Diagnosed post-
operatively after
hemithyroidectomy

[
Completion
Total thyroidectomy with/
thyroidectomy without neck
dissection

Pre-operative or peri-
operative evidence for
lymph node
metastases

No evidence for
lymph node
metastases

Non advanced

Advanced primary

tumor primary tumor
I I
Therapeutic
central and/or . No prophylactic
lateral neck Prg%hﬁlll\?st Ic CLND or
dissection prophylactic
BCLND + LLND ICLND

Active surveillance
in low-risk DTC

Figure 2

Flowchart of surgical approach for DTC in
children. BCLND, bilateral central lymph node
dissection; CLND, central lymph node dissection;
DTC, differentiated thyroid carcinoma; FNB, fine
needle biopsy; ICLND, ipsilateral central lymph
node dissection. ‘Active surveillance’ in low-risk
DTC implies ultrasound of the leftover thyroid
tissue, including the evaluation of the cervical
lymph nodes every 6-12 months by neck
palpation and ultrasound.
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further patient qualification for radioiodine therapy.
Therefore, attempts have been made to generate risk factors
and prediction models for lateral lymph node metastasis,
as reported by Liang et al. (93). The authors assessed
102 children and adolescents with PTC and found that
independent risk factors for lateral lymph node metastasis
were multifocality, tumor size, and the number of central
lymph node metastases.

Prophylactic central lymph node dissection (CLND)
aimsat elimination of micrometastases of DTC to optimize
outcome, improving cure rates and minimizing lymph
node relapses. However, especially the CLND exposes
the parathyroid glands and their vascularization, and to
a lesser extent risks, the recurrent laryngeal nerves. The
main complication of CLND is post-operative transient
and permanent hypoparathyroidism, even more so in
the pediatric population, followed by transient and
permanent recurrent laryngeal nerve palsy. Therefore,
indications for prophylactic CLND in children should be
limited and reserved for identified risk factors (14, 78).

A literature search was performed for the differences
in the outcome of DTC in children treated with a
(prophylacticy CLND vs no (prophylactic) CLND
(Appendix A [Q12], B, C). Conflicting results were found.
Rubinstein et al. suggested that an aggressive surgical
approach may simultaneously decrease the risk of
recurrence and improve prognosis in patients with more
advanced or aggressive disease (94). Olmsted et al. showed
no difference in recurrence-free survival among patients
treated with LND compared to limited node excision
of no LND (95). However, location of LND was not
specified. It remains unclear if these patients underwent
prophylactic CLND.

Prophylactic CLND is debatable in children as
well as in adults. It should be borne in mind, however,
that the risk for lymph node metastases is significantly
higher in children. The benefits of prophylactic CLND
must be balanced with the low risk of missing clinically
significant disease during pre-operative (US) or
intraoperative assessment and the risk of post-operative
complications. The expert panel agreed that prophylactic
CLND should only be performed in advanced thyroid
cancer (extracapsular extension, vascular
and distant metastases). However, bearing the above in
mind, ipsilateral prophylactic CLND may be considered
in patients without suspicious features for advanced
thyroid cancer on neck US to possibly reduce the risk
of reoperation and the necessity of 1-131 therapy. Of
note, surgical experience is crucial for preventing
life-long complications. Prophylactic neck dissection

invasion,

is still the best therapeutic option for patients with
advanced thyroid primary disease when performed by
high-volume surgeons (78).

Prospective studies are needed to compare the
difference in outcome of DTC in children treated with
prophylactic CLND vs no prophylactic CLND.

Suggestion 11A:

We suggest that prophylactic central lymph node
dissection should only be performed in advanced
thyroid cancer (extracapsular extension, vascular
invasion, and distant metastases). It can be avoided
or limited to ipsilateral lymphadenectomy in patients
without suspicious features for advanced thyroid
cancer on neck US (4W).

Suggestion 11B:

We suggest that therapeutic central lymph node
dissection should always be recommended in pediatric
DTCin case of suspicious central lymph nodes based on
neck US or intraoperative assessment, or perioperative
visible extracapsular tumor growth (4W).

Recommendation 11C:

We recommend that therapeutic lateral lymph node
dissection is performed in all children with pre-
operatively proven lymph node metastases or in case
of evident (pathological) lateral lymph node(s). The
expert panel does not recommend prophylactic lateral
lymph node dissection (4S).

C4. Surgical complications of thyroidectomy
and neck dissection

As in the case of adults, pediatric DTC surgery carries
specific risks, clearly correlated with the extent
of surgery and the surgical expertise. The most
frequent complications are post-operative transient
and permanent hypoparathyroidism, transient and
permanent recurrent laryngeal nerve palsy, bleeding,
and thoracic duct fistula and nerve damage following
LLND (96, 97, 98). Due to the close anatomical relation
of the thyroid gland with the recurrent laryngeal nerve,
damage can occur leading to a hoarse voice, and in case of
bilateral damage, respiratory problems. The parathyroid
glands may be difficult to identify leading to transient
or permanent hypoparathyroidism post-operatively.
The number of surgical adverse events decreases in
experienced teams (99).
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A clear volume-outcome relationship is observed
with favorable outcomes and minimal complication
rates in expert centers dedicated to pediatric endocrine
surgery (98). Surgical diligence, application of
magnification loupes, bipolar forceps, and technical
innovations such as intraoperative nerve monitoring,
parathyroid fluorescence and parathyroid hormone
assessment, and access to frozen section histopathology
may improve surgical outcome. In the management of
apparent complications, these need to be specifically
addressed, for example with early calcium- and/or
vitamin D supplementation, immediate evacuation of
hematoma, or logopedic training for recurrent nerve
palsy (96, 97, 98)).

Recommendation 12:

We recommend that all children with DTC should be
operated on by high-volume surgeons with experience
in pediatric thyroid cancer and who are embedded in a
center with expertise in the management of DTC (4S).

C5. Post-operative staging

The expert panel searched for the most sensitive imaging
modality for the presence of DTC, post-operatively
(Appendix A [Q7], B), but the literature search did not
yield any studies comparing various possible modalities.
Therefore, reverting to general medical and empirical
principles to select those procedures that are both sensitive
and sensible was necessary.

In general, especially in children, radiation exposure
due to medical procedures must be minimized. For
post-operative staging, measurement of Tg, a specific
thyroid cell marker, can be used. There is however lack of
pediatric literature on cut-off values for low Tg levels (on
levothyroxine) and this may be assay-dependent; for this
reason, cut-off levels should be determined by the local
expert team.

The expert panel agreed that in pediatric DTC
patients with low Tg levels, additional staging is unlikely
to be necessary, especially when I-131 therapy is planned
as post-therapy, scintigraphy will yield highly sensitive
staging information. In those patients not deemed to
need [-131 (non-advanced DTC), additional staging will be
superfluous.

Furthermore, US and MRI appear to be preferable over
CT per se if, for example, staging of the neck is warranted.
In cases where CT may provide distinct advantages, for
example where pulmonary metastases are suspected, it
should be considered.

The American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control TNM staging
system is widely used for predicting the prognosis of DTC
in adults (100). However, the TNM staging system comes
with limitations regarding the assessment of the prognosis
of DTC in pediatric patients: only two disease stages can
be identified (stage I: no distant metastasis; stage II: distant
metastasis), since all pediatric patients are <45 years of age
and secondly, the disease-specific mortality is extremely
low. Despite this, the TNM staging system seems to be the
most preferred system to be used for staging pediatric DTC.

Recommendation 13A:

We recommend that post-operative staging
is done wusing the surgical report, histological
report, measurement of Tg, and I-131 post-therapy
scintigraphy (4S).

Suggestion 13B:

We suggest that the AJCC TNM classification system
should be used to describe the extent of disease in
pediatric DTC (4W).

C6. 1-131 therapy

I-131 therapy for benign and malignant thyroid disease
has been successfully used for 80 years. Over this time,
it has been applied extensively in adult and in pediatric
patients alike and has contributed to a normalization of
life expectancy in DTC.

In pediatric patients, in particular, I-131 therapy can
be extremely helpful; even in case of widely disseminated
pulmonary metastases, patients may be cured by one or
more courses of [-131.

Yet, the indications for adjuvant post-operative I-131
therapy are a subject of debate, both in terms of which
patients should receive it and which therapeutic goal
(remnant ablation, adjuvant treatment, or treatment of
known disease) should be strived for (101).

Especially for patients without lymph node or distant
metastases, it has not been cleared beyond a doubt
whether I-131 can improve survival, reduces recurrence
rates, or both in these patients. The expert panel searched
for specific histopathological criteria related to distant/
any metastases (Appendix A [Q6], B). No evidence of
specific histopathological criteria predicting lymph node
metastases and/or distant metastases was found. Liu et al.
reported T3 and T4 tumors and lymph node metastases as
factors associated with distant metastases in children (102).
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The expert panel also questioned whether the outcomes
of microcarcinoma treated with [-131 differ from that of
microcarcinoma not treated with 1-131 (Appendix A [Q13],
B), but no literature was found to answer this question.

Considering the possibility of a generally increased
genetic susceptibility of patients who develop cancer at
such a young age, it remains questionable whether the
indiscriminate administration ofionizing radiation during
childhood might not do more harm than good. Thus, a
risk-benefit evaluation and shared decision-making are
key components of pediatric DTC management.

Response to I-131 may be observed up to 15-18 months
after therapy (103); therefore, long intervals of at least 12
months are suggested before retreatment.

For 1-131 therapy, in pediatric patients, special
considerations apply because of differences in biological
behavior and differences in dosing (see section ‘Targeted
therapy in the management of pediatric DTC’) related to
patients’ lower bodyweight and distinct metabolism in
children (see section ‘Targeted therapy in the management
of pediatric DTC’). Taking into account the inherently
good prognosis in most children with DTC, potential
adverse effects in patients with a long life expectancy (see
section ‘Late effects of treatment’) need to be carefully
considered (see section ‘Late effects of treatment’). Studies
specifically examining the potential benefits of I-131 in
children are difficult to perform because the number of
patients is small. As especially the distinction between
remnant ablation and adjuvant treatment in I-131 therapy
has only been introduced in past few years, this small
number of patients also precludes us from making any
evidence-based recommendation on the precise goal of
1-131 therapy. However, in adults, the advent of novel Tg
assays has made remnant ablation as a goal per se more and
more superfluous.

If administered correctly, I-131 therapy in the hands
of specialists is a highly effective oncologic therapy,
which has greatly contributed to the generally favorable
outcome of patients with pediatric DTC. After so many
years of experience, harmonization, and standardization,
(international) registries could be a crucial step forward to
personalized treatment strategies.

Suggestion 14A:

We suggest that 1-131 therapy is indicated for all
children following total thyroidectomy, for the
treatment of persistent locoregional disease, remnant
thyroid cells, or nodal disease that cannot be resected
for as well as iodine avid distant metastases (M1) (4W).

Suggestion 14B:

We suggest that, for patients with persistent disease
following post-operative I-131 therapy, the decision to
pursue an additional course of I-131 therapy should be
individualized according to previous response (4W).

Suggestion 14C:

We suggest that the minimal interval between
I-131 treatments for DTC in childhood should be
recommended to be around 1 year (4W).

C7. 1-131 activity

The question of I-131 activity selection, that is the
‘optimal’ dosage, is of ongoing relevance since very
limited evidence is available in the literature. The expert
panel questioned what the most optimal dose effect
curve is of radioiodine with least side effects calculated
by body weight/fixed activity or dosimetry; however, no
literature was found (Appendix A [Q14], B).

As a theoretical construct, the activity which delivers
an absorbed dose of radiation is sufficient to destroy
a lesion/metastasis while low side effects should be
chosen. As a standard of care empirically derived, fixed
activities are used, and therapy is repeated as deemed
necessary. Several parameters are considered equally or
even more important than the administered activity,
such as I-131 avidity of tumor tissue, residence time of
I-131, the effective 1I-131 half-life, and tumor size and
shape. A practical approach was successfully established
in one institution in the management of young patients
following radiation-induced thyroid cancer (104). This
protocol included the administration of 50 MBq/kg
bodyweight for remnant ablation/adjuvant therapy
and 100 MBq/kg for the treatment of known metastases
(104). However, using a fixed activity approach does
not take into account the individuality of the patient.
Alternatively, dosimetric strategies have been introduced
over the lastdecades. Here, the patients’ iodine biokinetics
are determined to calculate the activity as high as safely
administrable, thus targeting the safety of the procedure
(i.e. 2 Gy to the blood and limit of 3 gigabecquerel (GBq)
[-131 retained whole body activity 48 h after I-131 in
the presence of (pulmonary) metastases) in an attempt
to avoid damage to the hematopoietic system as well
as pneumonitis or pulmonary fibrosis, respectively
(105). These limits likely must be adapted to account for
the lower total mass of the lungs of pediatric patients.
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The objective of lesion dosimetry is to determine the
radioiodine activity that delivers the intended absorbed
dose to ablate thyroid remnant or to treat metastatic
disease. More recent studies based on measurements with
improved equipment (positron emission tomography
(PET)/CT) and more suitable tracers for lesion dosimetry
(I-124) support the hypothesis that therapeutic outcome
correlates with the absorbed dose administered to the
target tissue (106, 107, 108, 109).

Suggestion 15:

We suggest that an individual patient-based
approach should be used to calculate the optimal
activity of 1-131 taking into account the potential
side effects of I-131 with increasing activity. The
preferred administered activity for an individual
should be discussed in the multidisciplinary tumor
board taking the individual characteristics of the
patient into account (4W).

A second cornerstone of preparation for I-131
treatment generally consists of a low-iodine diet for a
period of 1-2 weeks before administration; however, a
recent study showed that a 4-day low-iodine diet seems
to be sufficient in areas with iodine-sufficient intake (40,
114, 115). Although in use for many years, its effect on
therapy outcome is not uniformly accepted; here, local
iodine sufficiency status might also play a role. Although
its merit is still subject to some scientific debate, a low-
iodine diet before 1-131 therapy may favorably influence
the uptake of I-131 in DTC during therapy and will do no
harm. Therefore, the expert panel agreed to recommend a
low-iodine diet for at least 4 days before the administration
of I-131 treatment (115).

Recommendation 16A:

We recommend that TSH stimulation (>30 mlI/L) is
induced before I-131 therapy in order to facilitate [-131
uptake (4S).

C8. Preparation of the patient for treatment
with 1-131

It is generally accepted that adequate TSH stimulation
(usually indicated by achieving a level of TSH > 30 mU/L
(110)) is necessary for optimal 1-131 therapy of DTC.
This can be achieved by two methods: either by thyroid
hormone withdrawal (THW) or by administration
of recombinant TSH (thTSH). Although rhTSH
administration has been studied extensively in adults,
experience with rhTSH in children is limited at best,
and consequently, this drug is not registered or licensed
for use in the pediatric population. The expert panel
searched for studies on rhTSH effectiveness and safety
in children (Appendix A, [Q1S]) and retrieved three
(Appendix B, C) (111, 112, 113).

All three studies reported TSH levels after thTSH (2 x
0.9 mg) stimulation of >50 mU/L, and no significant side
effects were reported. No studies were found reporting
on iodine uptake after rhTSH injection in children.
Although rhTSH from this limited data appears to be
safe and able to achieve adequate TSH levels, it cannot
be conclusively stated that rhTSH is equivalent to the
conventional method of THW regarding therapeutic
efficacy of 1-131 treatment based on this small body
of evidence. Furthermore, the considerable costs and
potential reimbursements by local health insurance of
rhTSH may also affect the decision regarding the use of
this preparation method.

Suggestion 16B:

We suggest that stimulated TSH can be achieved either
using thyroid hormone withdrawal or rhTSH. The
expert panel did not reach consensus on the optimal
way of preparation. The decision for one against the
other is up to the clinical experience of the treating
team (3W).

Suggestion 16C:

We suggest that a low iodine diet for at least 4 days
before 1-131 therapy may be favorable for iodine
uptake (4W).

C9. Targeted therapy in the management of
pediatric DTC

Pediatric DTC commonly presents with advanced disease
at diagnosis with a high prevalence of cervical lymph
node metastases and lung metastases, usually identified
on the whole-body scan performed after I-131 treatment.
However, the outcome of these cases is good, and death-
related events are very rare. The major reason for this
good outcome is the responsiveness of the metastatic
lesions to I-131 therapy. Very rarely, children with
metastatic thyroid cancer require therapies other than
[-131. It is however interesting to recall that childhood
PTC has a high prevalence of RET/PTC rearrangements
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as well as NTRK fusions (116). This information is
particularly relevant since new tyrosine kinase inhibitors
directed against either RET or TRK alterations (117, 118)
are under development and have already reached the
approval of FDA and EMA for adult patients. The expert
panel searched the outcome of DTC in children treated
with surgery and 1-131 vs those treated with different
treatment modalities (Appendix A [Q18], B).

Mahajan et al. reported three cases for whom
lenvatinib was given (119). Two patients remained
clinically stable on lenvatinib 11 and 23 months after
initiation of therapy. The third patient transitioned
to a tumor-specific targeted therapy after 1 month.
Waguespack et al. have reported one 14-year-old
female treated with sorafenib who showed significant
improvement in lung metastases 67 days after start of
treatment (120).

Based on these case reports, the expert panel agreed
that targeted therapy may play a role in the management
of disease in very rare cases of pediatric progressive
I-131-refractory PTC, for whom no standard therapy
exists (Appendix C). There is currently no consensus on
the absolute definition or criterion that defines that a
patient has I-131-refractory DTC. Each patient should be
managed individually with a thorough understanding of
the many factors that enter the appraisal of the likelihood
that a tumor will be refractory to I-131, as well as weighing
the patient's specific clinical scenario and the risks and
benefits of 1-131 therapy. Pediatric progressive I-131-
refractory PTC may be suspected in cases with presence of
more than one metastatic lesion with at least one lesion
without I-131 uptake in the post-therapy scan, structural
progression of tumors after 1-131 therapy despite the
presence of iodine uptake in the post-therapy scan, or
significant uptake on FDG PET/CT (121, 122).

Suggestion 17:

We suggest that, in specific cases, treatment with
targeted therapy may be considered, but this should
preferably only be given in the setting of clinical
trials (4W).

C10. Somatic molecular testing (in thyroid
carcinoma tissue)

Molecular testing may be useful to understand the tumor
etiology, behavior, predict prognosis, and possibly guide
the development of novel treatment strategies.

As pediatric PTCs exhibit a distinct genetic
background, it is not usually classified into BRAF V600E
-like and RAS-like tumors. In pediatric DTC, BRAF V600E
mutation has been described to be present in 25-30%,
dependent on age (123). In the studies performed after
the Fukushima accident, however, about 60-70% of
patients with minuscule PTCs detected in screening
projects display BRAF V600E mutations (124, 125).
The frequency of BRAF V600E mutation is low in
sporadic pediatric DTC cases as well as in radiation-
exposed cases (126).

RET gene fusion together with other fusion types
is detected in 60-70% of pediatric DTC patients in
comparison to 15% in adults. RAS gene family mutations
are much rarer in pediatric PTCs (<5%) than in adult PTCs.
NTRK fusions occur approximately in 10% (range: 0-26%)
of all pediatric PTCs (43).

The expert panel questioned whether molecular
testing in thyroid carcinoma tissue in a child alters its
management (Appendix A [Q4]). No evidence was found
on altering the management after specific genetic findings
such as rearrangements in thyroid carcinoma tissue
(Appendix C).

The expert panel is aware that this is a rapidly
changing field. In line with the recommendations
regarding molecular testing in FNB specimen, the expert
panel recommends analyzing the presence of oncogenic
drivers and gene fusions in thyroid carcinoma tissue
in a research setting. Molecular testing may also be
performed in rare, advanced cases with I-131 refractory
DTC who could benefit from systemic therapy since
systemic therapy may re-express the sodium/iodide
symporter (NIS) in tumor cells, for example in DTC
(119, 127).

Suggestion 18A:

We suggest that molecular testing in pediatric
thyroid carcinoma tissue should be recommended
in research setting but the result has currently no
consequences for pediatric DTC management (4W).

Suggestion 18B:

We suggest that for cases with I-131 refractory DTC,
molecular testing in pediatric thyroid carcinoma
tissue should be recommended as the result
may have for pediatric DTC
management (4W).

consequences
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C11. Treatment for pediatric radiation-induced DTC

Exposure to radiation (external beam and accidental
or therapeutic 1-131) is a well-known risk factor for
developing DTC, especially when exposed during
childhood (128, 129). In childhood cancer survivors
(CCS) who received radiation to the neck, the risk of DTC
was found to increase linearly with increasing estimated
radiation dose to the thyroid gland, with a plateau
around 10-30 Gy and declining thereafter, consistent
with the cell-killing effect (130, 131). The latency time
between radiation exposure and the development of DTC
is broad, with a minimum latency time of approximately
5-10 years. The risk of developing DTC is elevated up to
50 years after radiation exposure (17). This underscores
the importance of long-term follow-up of CCS at risk.
The expert panel questioned if presentation, outcome,
or disease course of DTC in children with a history of
radiation exposure are different than in children without
a history of radiation exposure for which treatment or
follow-up should be adjusted (Appendix A [Q23]). A
literature search was performed (Appendix B, C) (132,
133, 134, 135).

CCS with subsequent DTC tended to have on average
smaller tumors and presented more often with bilateral
disease (132, 133). Pacini et al. reported more frequent
extra-thyroidal extension (ETE) and lymph node

Table 7

metastases (LNM) in radiation-induced thyroid tumors
in children diagnosed in the Chernobyl region (134).
No significant differences were found between CCS with
subsequent DTC and patients with sporadic DTC in the
occurrence of surgical complications, recurrence rate, or
disease-related death (132, 133).

It may be questioned whether treatment and
follow-up of DTC in patients after exposure to I-131 or
with a history of radiation should be different compared
to patients with sporadic DTC, since no differences were
found in outcome. However, CCS were found to have
more frequent bilateral disease. For this reason, the
expert panel agreed that subsequent DTC should
minimally be treated with total thyroidectomy.
In addition, several and psychosocial
considerations may be taken into account for CCS
(Table 7) (136). Each patient with a history of radiation
will have unique characteristics. Caregivers should
individually design the optimal treatment and follow-
up plan and include the patient and their parents in the
decision-making.

medical

Suggestion 19A:

We suggest that children with radiation-induced DTC
should undergo total thyroidectomy because of the
increased risk for bilateral disease (3W).

Issues specific for childhood cancer survivors developing subsequent differentiated thyroid cancer

Issue Example

Possible consequence

Previous radiation dose
from prior diagnostics
and treatment

Previous exposure to
toxic agents for the
childhood cancer

High cumulative radiation dose

gonadal dysfunction

Bleomycin increases the risk of pulmonary dysfunction
Alkylating agents and abdominal irradiation increase the risk of

Avoidance, when possible, of CT
scan or I-131 in the evaluation
and treatment of DTC

May increase the risk for adverse
effects of I-131 in the treatment
for DTC

Total body irradiation or '31I-MIBG treatment increases the risk of
bone marrow toxicity and tertiary malignancies
Chest irradiation increases the risk for breast cancer

Possibility of the

Possible underlying genetic mutation may be present, both causing May influence the decision to use

presence of a genetic
predisposition
syndrome

Risk of cardiotoxicity and
prescribing
levothyroxine therapy

Psychological aspects

the childhood malignancy and the thyroid malignancy; the fact
that an individual has already had cancer during childhood and
subsequently develops thyroid cancer may indicate a germline
genetic susceptibility to develop cancer

Anthracycline chemotherapy agents or chest irradiation may
increase the risk of cardiotoxicity

Fear of unfavorable prognosis similar to the previous cancer

adjuvant treatment with 1-131
with regard to the risk of
developing a third malignancy

Consider keeping TSH levels in
the lower normal but not in
suppressed range

The psychological impact of DTC
diagnosis as a second primary
malignancy may be higher than
the diagnosis of sporadic DTC

DTC, differentiated thyroid carcinoma; MIBG, meta-iodobenzylguanidine; TSH, thyroid-stimulating hormone.
Adapted, with permission, from van Santen et al. (136).
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Suggestion 19B:

We suggest that for CCS with DTC, specific medical
and psychosocial considerations should be taken
into account, requiring an individual treatment and

follow-up plan (4W).

C12. Treatment for DTC in children with
genetic syndromes

DTC may occur in children with a pathogenic variant
in a tumor predisposition syndrome known to result in
benign thyroid lesions and DTC (Table 5, section BS) (80,
137, 138). As an increased head circumference may point
toward the diagnosis of PHTS or DICER1 (139, 140), this
should always be part of the physical examination of the
child with a thyroid nodule or DTC.

DTC cancer predisposition syndromes include
pathogenic variants in the following genes: APC, DICER],
PRKARIA, PTEN, and WRN. The appearance of DTC may
be the presenting tumor in a hitherto unrecognized
syndromic diagnosis in a child or may develop in a child
who is at risk of and being monitored for their high-risk
thyroid disease, as part of surveillance specific to their
syndromic diagnosis. This question is important, because
if children with an inherited DTC-prone genetic condition
do have a poorer outcome, the 'watch and wait' policy
for children at high risk for thyroid neoplasia may need
to be reconsidered, with prophylactic thyroidectomy as
a possible risk-reducing intervention, to avoid DTC that
can be contemplated. Additionally, if a DTC-predisposing
pathogenic variant would require more aggressive
treatment, then genomic testing at presentation should be
recommended for all pediatric cases with possible DTC, to
provide best possible oncological management and care.

The expert panel questioned during presentation,
outcome and/or disease course of DTC in children with
genetic syndromes is different than in children without
genetic syndromes for which treatment and/or follow-up
should be adjusted (Appendix A [Q22]). A literature search
was performed (Appendix B, C) (58, 141).

Van der Tuin ef al. have shown a cohort of ten
children with DICERI-related DTCs (141). Thyroid
specimens of all patients showed diffuse nodular
hyperplasia with multiple, discrete, well-circumscribed,
and occasionally encapsulated nodules. No infiltrative
growth, extrathyroidal extension, vascular invasion, or
lymph node metastasis were seen. The authors concluded,
based on clinical, histological, and molecular data, that

e220146

most DICERI-related DTCs could be considered as a
low-risk subgroup. Another review reported on disease
behavior and outcome of DTC in children with PHTS (58).
In this review, five cohort studies were reported, and the
incidence of DTC in childhood ranged from 4 to 12%.
In addition, in total, 27 cases were identified. FTC was
diagnosed in 52% of pediatric DTC patients. No evidence
was found for a different clinical behavior of DTC in PHTS
patients compared to sporadic DTC. DTC in pediatric
PHTS patients does not seem to be more aggressive than
sporadic DTC.

However, detection of DICER-1 or PHTS in children
with DTC will affect the counseling and follow-up of
families regarding the surveillance of organs at risk for
malignancies.

Suggestion 20:
We do not suggest the adjustment of treatment
or follow-up of DTC for children with DICER1 or
PHTS or any other thyroid cancer predisposition
syndrome (3W).

[D] Surveillance and follow-up

D1. TSH levels during follow-up

The expert panel did not consider it necessary to
perform a new literature search on the TSH level issue
during follow-up. The expert panel agreed that LT4
therapy is indicated in all children with DTC after total
thyroidectomy to suppress TSH at least until clinical
remission of the disease (i.e. undetectable levels of serum
Tg on LT4, undetectable levels of Tg antibodies, negative
neck US, and, if performed, negative whole-body scan 1
year after last treatment).

While the TSH level should be suppressed, FT4 should
be maintained in the normal range to prevent symptoms
and signs of thyrotoxicosis. It is important to know
that children, especially young children, commonly
require a greater amount of LT4 per kg of body weight
with respect to adults, and considering that they are
growing, frequent monitoring to confirm that the daily
dose is appropriate is warranted. Periodic monitoring of
the body weight and height to confirm a correct normal
growth is also indicated. When, after 1 year, clinical
remission is reached (undetectable levels of serum Tg on
LT4, undetectable levels of Tg antibodies, negative neck
US, and, if performed, negative whole-body scan), and

© 2022 The authors
Published by Bioscientifica Ltd.

https://etj.bioscientifica.com
https://doi.org/10.1530/ET}-22-0146

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0

©0K6]

InternaARAJEERSR: Bioscientifica.com at 12/23/2022 11:17:15AM
via free access


https://doi.org/10.1530/ETJ-22-0146
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

slightly higher TSH levels may be accepted (low-normal
values with substitutive LT4 treatment). Suggestion 21B:

Because of lack of evidence on this topic for children We suggest the measurement of TSH and FT4 to
with low-risk DTC not treated with [-131, the expert panel monitor the level of suppression or substitution of
suggests keeping TSH in the low-normal range. the LT4 therapy every 3-6 months during growth and

puberty and thereafter once a year (4W).

Suggestion 21A:
We suggest that TSH levels should be kept D2. Tg measurement during follow-up
suppressed with concomitant high-normal values

of FT4 until full clinical remission, while a low- _ )
normal value of TSH (between 0.3 and 1.0 mU/L)) to be in the context of previous therapy and TSH levels

should be advised thereafter (4W). See Fig. 3. and can also be raised due to thyroid trauma (e.g. FNB/
surgery/I-131). Historically, treatment of DTC in children

Tgisatumor marker for DTC, butinterpretation of Tgneeds

Levothyroxine therapy
TSH goal: 0.1-0.5mIU/LA

Tg and TgAbs
on Levothyroxine
Detectable High detectable
LR (not rising) and/or rlsing"*
Low-risk Non low-risk
patient patient
l l \ 4 A\ 4
Continue follow- | | Neck ultrasound Neck ultrasound
. ) up: Tgand
Contl'nue follow: TgAbs and neck | |
up: Tgand ultrasound in Positive Positive
TgAbs )
first 5 years of
fO||0W-Up. FNB FNB Negative
Negative +
' I-123 scan and/or
Consider Negalve— " EpG PET/CT
1-123 scan® I |
Negative Positive Positive Negative
Fadlow-up Tg and
TOADs every 3-6 Surgery or I-131 Empiric 1-131

months in the 1% year,
thereafter yearly

Figure 3

Flowchart of follow-up of children with DTC having received complete remission after initial treatment with total thyroidectomy and I-131. This flowchart
is developed for children with DTC having received complete remission defined as: undetectable levels of serum Tg on LT4, undetectable levels of Tg
antibodies, negative neck ultrasound, and if performed, negative whole-body scan 1 year after last treatment. "In the first year until clinical remission,
TSH levels should be suppressed, while a normal low value of TSH (between 0.5 and 1.0 mU/L) will be advisable thereafter. “"The definition of consistent
rising Tg on LT4 is debatable; the levels of Tg as well as the doubling time should be taken into account and weighted in the individual patient. “The
expert panel suggests that, in children with detectable (but not rising) Tg and no focus on neck ultrasound, in individual cases, 1-123 scanning may be
considered. When both ultrasound and radioiodine imaging did not yield a focus, FDG PET/CT may be considered.
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has followed adult guidelines where the goal of treatment
was elimination of evidence of disease (e.g. undetectable
Tg levels). Given the excellent prognosis, the slow growth
of DTC, and highly sensitive Tg measurement, one may
question whether itis necessary to aim for undetectable Tg
levels during follow-up at cost of potential adverse effects
of additional I-131 after surgery. The goal of treatment
is to tailor therapy in order to limit overtreatment. For
patients with less-differentiated tumors, post-operative Tg
may be a less-sensitive marker; however, thisis very rare in
childhood. Current guidelines suggest the measurement
of Tg dependent on risk stratification (3-6 monthly for
either 2 (low risk) or 3 years (intermediate/high risk) and
then annually (8, 142).

Highly sensitive Tg (hs-Tg) assays have improved
sensitivity and precision for Tg and allow the detection of
very-low Tg levels, reflecting minimal amounts of thyroid
tissue, even without TSH stimulation (143, 144). For this
reason, Tg measurement using hs-Tg assays is preferred in
follow-up of pediatric DTC.

Circulating Tg antibodies (TgAbs) can affect Tg
measurement, and guidelines suggest measuring Tg and
TgAbs during follow-up. The expert panel suggests that,
in case of circulating TgAbs, these may be measured
as ‘alternative’ tumor marker especially when newly
occurring or rising. It must be taken into account,
however, that TgAbs appear to be more common in
pediatric DTC and in those with lymph node metastasis.
In almost 50%, TgAbs resolve in 2 years and there is
no associated long-term prognostic significance to
date (145).

Recommendation 22A:
We recommend that serum Tg is a reliable marker in
the follow-up after treatment for DTC in childhood.
The expert panel suggests that serum Tg should be
assessed every 6 months during the first 3 years, and
annually thereafter (4S).

Suggestion 22B:
We suggest that, in case of circulating TgAbs, these
may be measured as ‘alternative’ tumor marker (4W).

Suggestion 22C:

We suggest that a highly sensitive Tg assay should
preferably be used in the follow-up of pediatric DTC
patients (4W).

D3. Ultrasound during follow-up

Neck ultrasonography is a pivotal imaging procedure for
detecting DTC locoregional relapse/metastases in adult
patients (146). Although in children with DTC, the high
prevalence of large inflammatory lymph nodes may reduce
specificity (147), its ubiquitous availability together with
absence of radiation exposure makes this procedure of
particular value in pediatric DTC patients (147).

The expert panel searched the value in terms of
sensitivity and specificity of neck US for recurrent DTC
in the follow-up of children with DTC (Appendix A
[Q19], Appendix B, C) (148). Vali et al. have reported
the sensitivity and specificity of neck US for recurrent/
persistent disease in the follow-up of DTC in 40 patients
(median age, 14.3 years) (148). Suspicious characteristics
were defined as: hypoechoic appearance, hyperechoic
foci, peripheral vascularization, and round-shape
node without hyperechoic hilum. Histopathology was
considered as the gold standard to assess the results of
neck US, in cases where histopathology was not available,
a combination of stimulated Tg levels >10 ng/ml and post-
therapy whole-body radioiodine scan was used as the gold
standard. The sensitivity and specificity were 85.7 and
89.4%, respectively.

In the case of detectable Tg levels after initial
treatment (i.e. total thyroidectomy followed by I-131
therapy), neck US can disclose even small locoregional
disease persistence/relapse amenable for further surgical
treatment. Furthermore, this procedure can guide FNB
of lymph nodes to obtain cytological or biochemical
(i.e. Tg measurement in needle wash-out) confirmation
before surgery (147). Conventionally, routine neck US at
regular intervals has been the standard of care for many
years. However, recently in adult patients, it was shown
by several groups that its use during the follow-up could
be reserved for patients with biochemically incomplete
response after initial treatment (i.e. Tg levels >1 ng/mL)
(149), as in patients with lower Tg levels, the number of
false-positive lesions, and consequently unnecessary
diagnostics, far outweighs the number of true-positive
ones. Considering the low burden of neck US and
the possibility of this modality to detect lymph node
metastases that are unable to secrete Tg, the expert panel
agreed that a neck US once a year in the first 5 years after
diagnosis of DTC may be helpful. However, this decision
should be made by the clinician who is taking care of the
child, depending on the stage of disease at presentation
and the individual preferences of the patient and their
parents. Considering the abovementioned possible risk for
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false-positive findings on neck US, especially in children,
an option could be to perform neck US during the first year
of follow-up but thereafter, only in cases with rising Tg or
TgAbs or suspicion of recurrence of disease. In all cases,
neck US should always be performed by a professional
with expertise in neck US in childhood.

Recommendation 23A:

We recommend follow-up with neck US in
combination with serum Tg measurement for the
detection of recurrent DTC (2S).

Recommendation 23B:

We recommend that neck US is performed by
a professional with experience in neck US in
childhood (4S).

Suggestion 23C:

We suggest that annual neck US be performed in the
first 5 years of follow-up. In low-risk patients, the
expert panel suggests, after the first year of follow-up,
to only perform neck US in cases with rising Tg or
TgAbs or suspicion of recurrence of disease to avoid
false-positive findings (4W).

D4. Other imaging modalities (I-131, 1-124, 1-123, or
FDG PET/CT scans) during follow-up

Although in adults, diagnostic radioiodine scintigraphy
with 1-123, 1-124, or 1-131 as well as PET/CT with FDG is
commonly used in patients with suspected persistent or
recurrent disease, there is little evidence and no prospective
studies as to their precise efficacy and indication (40). In
the pediatric DTC population, a specific search to this
extent search yielded no evidence of the sensitivity of these
techniques in this population (Appendix A [Q20], B, C).
Therefore, the expert panel concluded that prospective
studies are needed to determine the sensitivity of radioiodine
imaging and FDG PET/CT for the detection of persistent or
recurrent disease in children who have been treated for DTC.

Until sufficient prospective evidence for evidence-
based recommendations is available, the expert panel
agreed that only experience-based recommendations
can be formulated. Certainly, in pediatric patients, neck
US is preferable to radioiodine imaging and FDG PET/
CT. If neck US however did not detect thyroid tissue,
the next step may be radioiodine imaging (under TSH
stimulation, Recommendation 16B), as radioiodine avid

disease in children is common, whereas radioiodine
negative disease is rare (104). When both US and
radioiodine imaging are negative, FDG PET/CT may be
considered.

Suggestion 24A:

We suggest that children with undetectable Tg on LT4
during follow-up after treatment for DTC should not
undergo other imaging modalities (I-131, I-124, 1-123,
or FDG PET/CT scans) (4W).

Suggestion 24B:

We suggest that, in children with detectable (but
not rising) Tg on LT4 and no focus on neck US, in
individual cases, I-123 scanning may be considered. If
no source of Tg is found, serum Tg and serum TgAbs
must be followed every 3-6 months. In case of further
rising Tg or TgAbs, further imaging is indicated (4W).

D5. Persistent/recurrent cervical disease

The expert panel searched for differences in outcomes
between children with measurable but not rising Tg
on LT4 after initial treatment for DTC (incomplete
biochemical response) with 1-131 compared to a wait-
and-see approach (incomplete biochemical response)
(Appendix A [Q16]) butno literature was found (Appendix
B). In addition, the expert panel performed a literature
search on the difference in outcome between patients
with recurrent disease/progressive thyroid cancer treated
with additional I-131/surgery/other vs a wait-and-see
approach (Appendix A [Q17], B). However, again, no
studies were found.

Based on these searches and expert opinion, the
expert panel agreed to recommend that in children with
persistent but not rising Tg on LT4, primarily neck US is
recommended, and if negative, [-123 scanning may be
considered (under TSH stimulation, Recommendation
16B). If no residual or recurrent disease is found, serum
Tg on LT4 and serum TgAbs must be followed every 3-6
months (wait-and-see). In case of consistent rising Tg on
LT4 or TgAbs, neck US is recommended, and a I-123 scan
and/or FDG PET/CT may be considered to locate the origin
of persistent/recurrent disease. The expert panel agreed
to not define an exact value for high or rising Tg, as this
is dependent on the assay and the course over time. The
definition of consistent rising Tg on LT4 is debatable; the
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levels of Tg as well as the doubling time should be taken
into account and weighted in the individual patient.
Considering the excellent outcome of childhood DTC and
the risk for adverse late effects of I-131, empiric treatment
may only be considered after the abovementioned
diagnostic modalities have failed to identify a source of
rising Tg on LT4 or rising TgAbs.

When a source for the consistent rising Tg on LT4
or TgAbs is found, surgical or I-131 therapy is indicated,
dependent on the risk-benefit ratio of both treatment
options, bearing in mind the patient’s medical history and
previous I-131 exposure. Also, in case of small lymph nodes
metastases and a history of repeated I-131 treatments, a
wait-and-see strategy can also be advocated. No evidence is
available to support that earlier treatment of small lymph
node metastases will result in better outcome.

The expert panel suggests that prospective studies
are needed to evaluate the outcome of a wait-and-see
approach of children with measurable but not rising
Tg during follow-up. Also, studies are needed to assess
the best approach for children with recurrent disease
or progressive thyroid cancer with regard to treatment
possibilities (additional I-131 vs surgery vs wait-and-see
approach).

Suggestion 25A:

We suggest to perform neck US in children with
consistently rising Tg on LT4 or TgAbs. In these cases,
additional 1-123 and/or FDG PET scanning may be
considered. Surgery or I-131 therapy is indicated
depending on the size, tumor load, and degree of
progression (4W).

Suggestion 25B:

We suggest that empiric I-131 iodine treatment be
only recommended if the abovementioned diagnostic
modalities have failed to identify a source of rising Tg

on LT4 or rising TgAbs (4W).

D6. Pulmonary metastases

Distant metastases in pediatric DTC patients are mainly
found in the lung. Overall, these can be detected in up to
20% of DTC patients and are observed particularly in those
with extensive regional lymph node metastases (150). In the
vast majority of cases, these lesions are micrometastases,
and being well-differentiated and iodine avid, respond to
1-131 therapy (i.e. 85% of patients) (151).

However, most patients are not cured of their disease,
but even in these patients, after treatment, metastatic
stability is observed over time and the disease-specific
mortality rate is low (<2%) (151, 152, 153).

In patients with previous positive post-therapeutic
1-131 whole-body scan (WBS), an I[-123 diagnostic
(DxWBS) may be of value in the case of detectable Tg
levels suggestive of persistent or recurrent disease to
identify iodine avid disease amenable to further I-131
therapy. However, pulmonary metastases may not be
visualized on 1-123 DxWBS (154).

In this setting, considering that structural and
biochemical response to first I-131 may be observed up
to 15-18 months after therapy (103), long intervals of at
least 12 months are suggested before retreatment, even in
the rare case of disease progression. Although complete
remission may be achieved after therapy, repeated 1-131
administrations should always be evaluated with caution
and proposed after adequate interval.

In any a pulmonary function test is
recommended before retreating patients with diffuse lung
metastases. In children with a previous history of drugs
