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Abstract

Thyroid cancer is the most common endocrine malignancy in children and adoles-
cents. Although the basis of the thyroid cancer management in children is the same as
those of the adults, thyroid cancer may behave different in pediatric population than
adults. Unlike adults, children usually present with more advanced disease and the risk
of recurrence and metastases are higher. However, the prognosis and survival of
pediatric thyroid cancer is better than those of adults. This chapter will review the
frequency, epidemiology, and clinical behavior of pediatric thyroid cancer with
emphasis on the appropriate management in nuclear medicine.

Keywords: thyroid cancer, iodine scan, thyroid, thyroglobulin, ultrasound, children,
adolescents

1. Introduction

Thyroid cancer is the most common endocrine malignancy; in 2014, it affected >60,000 people
in North America [1]. Only approximately 2% of thyroid cancer has been reported to occur in
children and adolescents [2]. The most frequent type of thyroid cancer is the differentiated type,
mainly papillary (90-95%) and to alesser extent follicular (~5%) [3-5]. Conventionally, thyroid
cancers in both adult and pediatric patients are managed by total or near-total thyroidectomy,
withresection of the affected regional lymph nodes, followed by ablation of the thyroid remnant
and associated metastases using '*'I. The patients then receive subsequent treatment involv-
ing thyroid-stimulating hormone (TSH) suppression with levothyroxine [6, 7]. Accurate staging
(to avoid overtreatment) and the choice of surveillance methods are important in children. On
one hand, the risk of recurrence and regional lymph node involvement are higher in children.
On the other hand, because of the long lifespan of these patients and their susceptibility to

I NT E C H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,

open science | open minds and reproduction in any medium, provided the original work is properly cited.
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treatment side effects, the risk of long-term complications associated with therapy (e.g., high
doses of radioiodine) is higher than those of adults [8, 9]. In this chapter, the management of
thyroid cancer in children is discussed, with the focus on nuclear medicine therapies.

2. Epidemiology

In general, the risk of thyroid cancers has increased globally over the last decades [3, 10]. Unlike
many other cancers, thyroid cancer is rare in early childhood; the incidence increases during
adolescence and early adult life and will reach a plateau at age approximately 40 years with
little subsequent changes at older ages [11]. Thyroid cancer is the eighth most common cancer
diagnosed in patients aged 15-19 years, and is the second most common cancer among
adolescent girls [12, 13]. Many other cancers are rare in early childhood and are common in
older people; some (usually those with immature tumor cells such as retinoblastoma or
neuroblastoma) are more common in early childhood and are rare in adults [11]. Thyroid
nodules are more common in teenagers than in younger children [14]; however, the risk of
malignancy is greater when a nodule in diagnosed in children aged <10 years [15].

3. Risk factors

Age, sex, family history of thyroid disease, and radiation exposure are among the risk factors
affecting the frequency of thyroid cancers in children. Generally, differentiated thyroid cancer
(DTC) is more common in adolescent girls [2]. The sex distribution of thyroid carcinoma differs
between adults and children. In adults, thyroid cancer is four times more common in women
than in men. In the pediatric population, the incidence of thyroid cancer is only slightly higher
in younger girls before puberty as compared with boys (female-to-male ratio, 1.5:1). The risk
of thyroid cancer then increases rapidly and reaches a peak during puberty in teenage girls
(female-to-male ratio, 3:1 to 14:1) [16-18]. Although it has not yet been confirmed, sex hor-
mones may play a major role in the rapid increase in the incidence of thyroid cancer in female
individuals during puberty [19].

The higher frequency of thyroid cancers after radiotherapy involving the neck has been
confirmed in patients who were treated with external radiation for conditions such as tinea
capitis, chronic tonsillitis, acne, and thymus hyperplasia [20, 21], and in children years after
the Chernobyl incident [22, 23]. Analysis of the age of individuals at the time of radiation
exposure showed that younger children had the highest risk of thyroid carcinoma after the
Chernobyl incident [24].

4. Presentation

An asymptomatic neck mass (located in either the thyroid bed or elsewhere in the neck as an
enlarged lymph node) is usually the first clinical presentation of thyroid cancer in children [25].
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The possibility of malignancy increases if the mass is firm, nonmobile with associated lym-
phadenopathy, and/or there is vocal cord paralysis [25]. At presentation, the tumor size is often
greater in children than in adults [26, 27]. The frequency of regional lymph node involvement
is also higher in children relative to adults. More than half of the patients (60-90%) will have
regional lymph node involvement either at diagnosis or on follow-up [8, 25, 27].

Lung metastasis is the most common site of distant metastases [28, 29]. Presentation with lung
symptoms is very rare. Lung metastasis is more commonly seen in patients with extracapsular
invasion, bilateral tumors, and in patients aged <7 years at diagnosis [30, 31]. In our experience,
we found <20% of pulmonary metastases either at presentation or in follow-up studies [32];
all of them had a thyroglobulin (Tg) level of >10 ng/mL. In contrast to adults, pulmonary
metastases in children are usually miliary and rarely nodular [30, 31]. Metastases to the lungs
are functional in 95% of the cases. Metastases to the bone or central nervous system are very
rare [28, 29, 33]. Thyroid function tests are usually normal in pediatric patients with DTC at
presentation [25].

5. Management

The management of children with DTC should be undertaken by a medical team with
appropriate experience and skills. The treatment of thyroid cancer in adult patients has been
studied in detail by several investigators, and general guidelines exist. Pediatric oncologists
have attempted to extrapolate from these guidelines, but there are insufficient data to answer
many questions regarding children. Patients with thyroid cancer require the assistance of a
diversified group of healthcare providers during literally every step of their care, from the time
of diagnosis to the extended period of follow-up. The American Thyroid association (ATA)
2015 guidelines endeavor to summarize, in a practical way, the optimal management of
patients with thyroid cancer; they detail how the fabric of their care is carefully woven by a
group of providers with specialized skills, each of whom adds a unique component regarding
the patient’s overall care [34]. Without this broad multidisciplinary approach, gaps may occur
at every turn in management, which may pose serious obstacles in achieving the best long-
term results for the patients.

Generally, after a comprehensive analysis of patient history and physical examination, further
investigation using high-resolution ultrasound (US) is recommended for the diagnosis of solid
thyroid nodules, and to check for extrathyroid extension of the disease and regional neck
lymph node involvement (Figure 1). This is frequently followed by fine needle aspiration
(FNA) of the nodule, usually under the guidance of US [35, 36]. According to the pediatric-
specific ATA guidelines recommendations, the US characteristics and clinical context, rather
than size alone, should be used to determine if nodules warrant FNA [34]. Moreover, in
children it is recommended that all FNAs are performed under US guidance [34]. Evaluation
of regional lymph node involvement is important because children with evidence of palpable
cervical lymph node disease at diagnosis are more likely to have multifocal disease (89 vs.
16%), an increased risk of pulmonary metastasis (20 vs. 0%), and an increased risk of persistent
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(30 vs. 0%) and/or recurrent (53 vs. 0%) disease (Figures 2 and 3), as compared with children
without gross nodal disease [37, 38].

Figure 1. Ultrasound in a 10-year old boy with history of large posterior fossa brain tumour and panhypopituitarism,
on thyroid replacement treatment: the patient presented with bilateral vocal cord weakness and stridor. Thyroid gland
was enlarged with heterogeneous parenchyma and small foci of calcification (arrow in a). There were enlarged cervical
lymph nodes with lost central echogenic hilum and increased short-to-long axis ratio (S/L) >0.5 (b) which is suggestive
of malignant infiltration, one of them showed in (b) (arrow). Papillary thyroid cancer was proved on histopathology
with neck lymph nodes involvement.
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Figure 2. Fifteen-year old girl referred to the clinic for a neck mass. Axial enhanced CT image (a and b) shows a hetero-
geneous nodule in the left thyroid lobe (big arrow) with enhancing large cystic nodal lymph nodes (arrowheads) in the
left levels IIa, IIb, and IV in addition to level VI or Delphian nodes (small arrow). Papillary thyroid carcinoma with
lymph nodes involvement was proven on histopathology. CT scan was suggestive for lung metastases (c) with small
nodules in both lungs (arrows).
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Figure 3. Status postoperative (total thyroidectomy) in the same patient presented in Figure 2. Diagnostic whole-body
iodine scan after 2 mCi I-123 (a) demonstrated mild residual thyroid activity with a focus in the left submandibular
region that might represent lymph node metastatic lesion. There was suspicion of lung metastases on chest CT scan
(please see Figure 2c). The patient was treated with 145 mCi. On posttherapy scan (b) 7 and 10 days after a therapeutic
dose of radioiodine, bilateral chest activity with no definite focus was noted due to pulmonary metastatic.

According to the ATA guidelines for pediatrics, children with papillary thyroid cancer can be
divided into low, intermediate, or high risk, based on the clinical presentation, tumor size, and
evidence of regional invasion and metastasis [34]. Low-risk patients are those with a cancer
confined to the thyroid with no regional lymph nodes involvement or with incidental micro-
metastasis to a small number of central neck lymph nodes. If the patient has extensive central
lymph nodes involvement (level VI; pretracheal, paratracheal, prelaryngeal/Delphian lymph
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nodes), or minimal lymph nodes involvement in the rest of the neck, the patient is categorized
as intermediate risk. Locally invasive disease (in the thyroid) or extensive neck lymph nodes
involvement (other than region VI), or distant metastases will put the patient into the high-
risk group [34]. Similar to adults, the cornerstone of the therapy is based on surgery, radioio-
dine ablation/therapy, and thyroid hormone replacement/suppression therapy.

6. Surgery

Except under special conditions, it is recommended that more comprehensive thyroid surgery
is performed in pediatric patients; this is because of the higher incidence of bilateral and
multifocal disease (30 and 65%, respectively) [39-41]. Thyroid lobectomy alone may be
sufficient for small unifocal cancers (<1 cm), with no capsular invasion or lymph node
involvement, without a prior history of radiotherapy or a family history of thyroid cancer [34].
In comparison with lobectomy, total thyroidectomy has a lower risk of recurrent/persistent
disease and subsequent second surgical procedures [34, 40, 42, 43]. Central neck dissection is
recommended for patients with evidence of gross extrathyroidal invasion and/or locoregional
metastasis on preoperative staging or during surgery [34]. If there is no evidence of gross
extrathyroidal invasion and/or locoregional metastasis, prophylactic central neck dissection
may be routinely performed [34]. The decision is made based on tumor focality and size, and
the experience of the surgeon [34]. Prophylactic lateral neck dissection (levels III, IV, anterior
V, and II) is not recommended routinely, unless there is histopathological proof of lateral neck
lymph node involvement [34].

7. Radioactive iodine (**'I) ablation and therapy

Typically, there is remnant thyroid tissue after a total or near-total thyroidectomy, mainly
because of the presence of normal thyroid tissue around the nerves or Berry’s ligament.
Because multifocal papillary cancer is relatively common in children, most authors recom-
mend radioiodine ablation therapy in younger patients [25, 44]. Ablation therapy presumably
not only destroys normal residual thyroid tissue but also possible micrometastases [45].
Moreover, follow-up Tg measurement is easier after radioiodine ablation therapy [46, 47]. In
other words, if a patient receives radioiodine ablation therapy and the Tg level reaches an
undetectable level, a subsequent rise in Tg level is highly suspicious of recurrence. In contrast,
arise in Tg level in a patient who did not receive ablation therapy may be the result of tumor
recurrence or the regrowth of normal thyroid tissue [48, 49]. In the majority of cases, a single
radioiodine treatment is sufficient for ablation. However, in some cases more than one
treatment is required for complete ablation. It has not been proven in the pediatric population
if the response to the first ablation therapy has any prognostic value.

Radioiodine can be provided in liquid and capsule forms. Although selection of the type of
administration depends on patient preference, the capsule form is usually preferred to ensure
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that the activity is fully delivered to the stomach. In some cases, an antiemetic medication is
also required before administration of the radioiodine. If it is not clear that the patient can
tolerate the capsule form, an empty gelatin capsule can be tried before the actual radioiodine
capsule. ' is also used for the treatment of known or suspected viable malignant disease in
patients with DTC to destroy or control the disease. The dose of radioiodine for therapy mainly
depends on the presence or absence of metastases, and the organs involved. The diagnostic
and therapeutic role of radioiodine must be individualized to each patient through collabora-
tion between the patient’s endocrinologist/referring physician and the nuclear medicine
physician [50]. Tumor radioiodine avidity and sensitivity to radioiodine can vary significantly
between children with DTC, and even in the same patient over time [50, 51]. The selected dose
of radioiodine for therapy depends on many factors including the presence or absence of
metastases, and intermediate-/high-risk or low-risk patients. There are formulas for the
estimation of relative pediatric doses [51]. In general, it is suggested that the *'I doses should
not exceed 200 mCi (7400 MBq) for each patient with a total cumulative dose limited to 1000
mCi (37,000 MBq). The absorbed dose to the red marrow should not exceed 200 cGy, and 48-
hour whole-body retention should not reach 120 mCi (4440 MBq) to minimize the risk of
secondary acute myelogenous leukemia (AML). The 48-hour whole-body retention of activity
should be limited to 80 mCi (2960 MBq) in the setting of pulmonary metastases, to minimize
the risk of pulmonary fibrosis [50, 51]. In certain cases, especially with pulmonary metastases,
formal dosimetry should be performed in children with avid pulmonary metastases [50, 51].
Dosimetry before I therapy can also be considered in small children and in patients with a
limited bone marrow reserve [34]. If there is a need to repeat the '*'I therapy, an interval of >12
months is suggested to minimize the risk of secondary AML [50].

In many European and Asian countries, the patient is admitted 2 or 3 days after radioiodine
ablation/therapy to minimize radiation exposure to the public. In North America, however,
many centers allow the patients to go home after a therapeutic dose of radioiodine [52]. In our
center, patients receiving therapeutic radioiodine doses of >30 mCi (1.1 GBq) up to and
including 200 mCi (7.4 GBq) can be managed on an outpatient basis, provided that the estimate
of radiation exposure to the general public falls within regulatory limits. According to our
institutional protocol, an adult family member who is considered to be the primary caregiver
is exempt from the 1 mSv public dose limit; however, dose exposure should not exceed 5 mSv
for the course of the treatment [53]. Our pediatric patients would prefer to be isolated in their
homes rather than be confined in the hospital when medical care is not required. To achieve
this, the patient and family must be willing to temporarily modify their lifestyles and comply
with the instructions provided (Table 1). Table 2 is an example of a questionnaire for an
outpatient therapy with "*'I in our institution. Exclusion criteria include patients requiring
medical care during the course of the constrained period, any socio-economical factor that
would inhibit compliance, and the inability of the primary caregiver or the patient to follow
the radiation safety instructions. In a recent study, despite poor compliance with the radiation
safety recommendations for patients treated with 100 mCi (3.7 GBq), caregivers received a low
measured radiation exposure [54]. In this study, excessive radiation exposure was only seen
when the caregivers stayed close to the patient for more than 5.8 hours during the first 3 days
after radioiodine treatment [54].
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Patients receiving therapeutic radioiodine doses of greater than 30 mCi (1.1 GBq) up to and including 200 mCi

(7.4 GBq) can be managed on an outpatient basis provided that the estimate of radiation exposure to the general public

fall within regulatory limits.

Procedure

The treating physician will conduct an assessment to determine suitability for outpatient treatment. The decision
will be based on the patient’s or family’s response to a questionnaire regarding family members, circumstances and

the assurance of compliance with the radiation safety instructions. See Table 2.

The treating physician will discuss the patient’s suitability for this protocol with the radiation safety officer (RSO)
or trained designate. In the case of noncompliance with the restrictions given, an estimate of the maximal dose to

an individual in the patient’s environment should be estimated and taken into account in the decision process.

The patient and family will be provided with appropriate written and oral information and instruction about the
requirements for treatment. The RSO will verify that the patient and family understand what is required of them

and that they are willing to comply with the requirements.

Approval for outpatient management of radioiodine therapy must be obtained from the RSO prior to scheduling

the therapy.

An effort should be made to reduce doses to family members to levels that are as low as reasonably achievable
(ALARA) with economic and social factors being taken into account. Dose reductions may require a detailed
assessment of family activities to determine where modification in lifestyle can best be made to reduce doses without
unnecessary restrictions. One example of a modification would be to have the patient spend the “isolation” period

with a compliant grandparent, away from other siblings or a pregnant parent.

A primary caregiver will be identified. Since this person will likely receive a higher radiation dose during the course
of the patient’s treatment, a dose calculation for this person will be made based on activity and occupancy factors

during constrained activity for 3 days.

On the day of treatment, the RSO (or trained designate) and treating physician will reassess the patient’s compliance
and give the written and oral precautions for radiation safety. The patient and/or parent will sign two copies of the

instructions. One copy will be given to the patient and the other will be retained for the departmental patient record.

The therapy dose will be administered and the patient will be discharged.

Table 1. The instructions to assess the patient for outpatient iodine therapy.

Patient Name:
MRN#

Referring Physician:

1.

2.

3.

Confirmation that the patient is not pregnant (>12 years). Date of negative pregnancy test:
Is the patient breast feeding? Yes No
List the age and relationship of all other household members.

Who will be the primary caregiver?

255
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4. Will there be any young children (<10 yrs) or pregnant women at home Yes No
when the patient returns after treatment?
5. How will the patient travel home? _ How long will it take?
Who will accompany the patient?
6. Is the patient scheduled for any other medical tests, procedures, travel or Yes No
vacation 4 weeks prior or 2 weeks after dosing?
7. What is the parent’s occupation and specific job duties?
8. Can the patient remain home for the recommended time? Yes/No
(Not applicable for patients receiving less than 30 mCi of I-131) N/A
9. Does the patient require any special medical care or living assistance? Yes No
10.  Will patient have use of private bathroom for the next 3 days? Yes No
11.  Is the patient incontinent or have any urinary bladder control problems? Yes No
12.  Will the patient have a private bedroom for the next 7 days? Yes No
Where is the location of bedroom and adjoining rooms? _____
13.  Can the patient maintain at least 10-foot distance from others? Yes No
14.  Is the patient capable of following the radiation safety instructions? Yes No

15.  Are there any other issues that would prevent the patient from being able to Yes No
Comply with the radiation safety instructions?
Explain:

Individual completing Questionnaire:
Date:

Title:

Table 2. A sample questionnaire for outpatient treatment with iodine 131.

8. Radioiodine side effects

The side effects of the radioiodine treatment are similar to those of adult patients and include:
radiation thyroiditis (usually in patients with a large thyroid remnant) given sufficient ' to
deliver about 500 Gy (50,000 cGy) [55]; acute and/or chronic parotiditis or submandibular
gland sialadenitis (in up to one-third of patients, usually when a large amount of "*'I activity
was administered to a patient with a small thyroid remnant) [56]; conjunctivitis and nasola-
crimal drainage system obstruction [57, 58], radiation sickness (with a high dose); acute tumor
edema or hemorrhage; transient vocal cord or facial nerve palsy [59]; transient amenorrhea or
menstrual irregularities [60]; and reduced sperm counts (usually transient) [61]. Infertility is
rare but may occur after an accumulated high dose of radiation [62]. The majority of these
complications are transient and do not require any specific treatment. However, there are two
important side effects that are life threatening, namely, secondary leukemia and pulmonary
tibrosis [63]; both relate to the cumulative dose of radioiodine. Unfortunately, there is no
definite cutoff regarding the safe dose of ®'I that can be used to avoid these important
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complications; the usefulness of the therapy should be assessed prior to each administration,
especially where multiple treatments in a single patient are needed, or in patients with
pulmonary metastases.

9. Follow-up (surveillance)

Recurrence of DTC in children may be seen years after the initial therapy. Thus, long-term
follow-up including periodic physical examinations and evaluation involving Tg measure-
ment and neck US are necessary [1]. In recommendation 16 of the ATA 2105 guidelines,
postoperative staging is usually performed within 12 weeks after surgery to identify the
patients who will benefit from further treatment. In our center, we evaluate the patients 6
weeks after the surgery. Although low-risk patients may be followed up with only TSH-
suppressed Tg, for intermediate- and high-risk patients TSH-stimulated Tg evaluation and a
diagnostic whole-body iodine scan are typically recommended to determine if there is
evidence of persistent and/or recurrent disease [34]. We suggest to evaluate the low-risk
patients with Tg measurement and neck US [32]. The measurement of Tg, either “on T4” (basal
Tg level) or “off T4” (stimulated Tg level), is the cornerstone of postoperative surveillance
programs [2]. Tg is only produced by thyroid cells (normal thyroid cells and differentiated
thyroid carcinomas). Consequently, the level of Tg should be undetectable if all thyroid tissues
have been destroyed by surgery and radioiodine ablation therapy. However, Tg measurement
is not reliable when there is anti-Tg antibody (TgAb) present in the serum. Tg and TgAb levels
should be simultaneously measured using the same laboratory and assay technique [47].
Recommendation 23 of the ATA 2015 guidelines stresses that Tg is a sensitive tumor marker
in the evaluation, treatment, and long-term follow-up of pediatric DTC, even in children not
previously treated with 'l [47]. The trend in serial Tg and/or TgAb levels is probably more
representative of disease status than any single measurement [47]. US is a noninvasive and
sensitive method for the evaluation of locoregional lymph node involvement [32]. US is
superior in sensitivity to a diagnostic whole-body iodine scan for the detection of involved
neck lymph nodes, and it does not require levothyroxine withdrawal. However, the accurate
interpretation of US scans in DTC can be complicated by the high frequency of large inflam-
matory neck lymph nodes in children [4]. According to the ATA guidelines, neck US should
be performed at 26 months after the initial surgery, and then at 6- to 12-month intervals for
intermediate- and high-risk patients, and at annual intervals for low-risk patients [47]. Follow-
up beyond 5 years should be individualized based on the risk of recurrence [47].

A whole-body scan using '*I or **'I allows localization of local recurrences or distant metasta-
ses, and helps in the decision concerning subsequent radioiodine therapy [5]. Our institutional
Protocol for ®'I-whole-body scan is summarized in Table 3. Routine evaluation using a
diagnostic whole-body iodine scan is not recommended. '*I is preferred to **'I for diagnostic
imaging. A whole-body iodine scan may be useful in children with known iodine-avid
metastases (based on a prior post-therapy scan) at 1-2 years after therapy to evaluate the
response to previous "'l treatment [47]. According to the ATA guidelines, a repeat radioiodine
scan is not recommended unless recurrent disease is suspected clinically, based on physical
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examination, US, or rising LT4 levels. In our experience, a radioiodine scan was useful when
the Tg level was >10 ng/mL (for the evaluation of lung metastasis), when the results of Tg
measurement and ultrasound was incongruent, or when anti-TgAb was positive (Tg can be
falsely increased or reduced in the presence of a high anti-TgAb level) [34].

Indications
Follow-up imaging of patients post-thyroidectomy for thyroid cancer.

Follow-up imaging of patients receiving "*'I therapy for ablation post-thyroidectomy.

Contraindications

Patient who had a recent (24-48 hours) nuclear medicine scan performed.

The patient must not have had intravenous iodinated contrast agents for at least 1 month. Check with the nuclear
medicine (NM) physician.

No recent administration of potassium perchlorate.

Patient preparation

* If the patient is taking thyroid medication, check with the referring physician if the patient can stop taking it for a

minimum of 3 weeks prior to this procedure. Note this information on the requisition.
— Synthroid should be stopped for 4-6 weeks

— Cytomel 2 weeks

- PTU 4 days

— Tapazole 1 week

Methimazole 1 week

* Stop cough syrup, multivitamins for 48 hours before the test.

* Ensure other blood work has been done prior to radiopharmaceutical administration. Patients must have a minimum
TSH level of 30-40 mIU/L, and all females who have commenced menstruating must have a documented negative

bHCG prior to dosing.

* The patient should be NPO for approximately 2 hours before and 1 hour after receiving the dose by mouth to enhance
the absorption of the 'L

* The patient should be encouraged to drink plenty of fluids for the next 24 hours to facilitate soft tissue clearance and

to flush saliva from the mouth.

Radiopharmaceutical: *'Nal

Dose: Based on BSA (body surface area) with a maximum dose of 4 mCi (148 MBq)

Dose administration
* This product is given orally in either capsule or liquid forms.

* Please inform the responsible NM Physician of the patient’s arrival prior to dose administration.
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* Please make sure to go over the radiation safety guidelines with the patient and parents to ensure compliance. The
guidelines should be followed for 2 days if it is a diagnostic ' TBS (i.e., patient can return to school, etc. the day
following whole-body scan). If the patient is getting a therapeutic *'I dose, guidelines will be followed for 7 days.
Ensure patient/parents are given the instruction sheet to take with them after dose administration and explain how

to page the technologist on call if required.

* Pre- and Postdose counting must be done for all patients having an uptake and scan. Please refer to the '*'I Thyroid

Uptake-Probe Method protocol

* For liquid ', administer the dose directly into the patient’s mouth. Have a small cup of water handy to use for rinsing
the residual dose from the syringe into the patient’s mouth —several rinses with the water may be necessary to ensure

total dose delivery.
* Patients who are able to swallow a capsule should do so with at least one cup of water.

* Instruct the patient to remain NPO for one more hour and to return for imaging in 48 hours.

Acquisition

Images are done 48 hours following diagnostic dose administration.

* Images post-"*'I therapy for ablation is performed 7-10 days postadministration.

* Using the high-energy collimator, first acquire an anterior and posterior whole-body pass with the head straight.

* Imaging should be done with a scan speed of 15 min/m using a 256 x 1024 matrix.

e Statics will also need to be done of the RLAT and LLAT skull using a 256 matrix and acquisition time of 10 min/view.
* A 10-minute anterior chest view may also be required but check with the NM physician.

* Patients receiving a diagnostic "*'I dose (4 mCi or less) will need to have an uptake performed at 48 hours as well.

* Have all images and uptake value checked by the NM physician. In most instances, the NM physician will want to

speak to the patient before he leaves the department.

Table 3. Institutional protocol for ®'I-whole-body scans. Please note that there are some variations among different
institutes for the protocol including the radiation safety precaution.

10. Prognosis

Despite the occurrence of extensive disease at clinical presentation, a higher risk of locoregional
lymph node involvement, and a higher risk of recurrence, children are much less likely to die
from thyroid cancer (<2% long-term cause-specific mortality) than are adults [64], and the
overall prognosis is better in pediatric DTC [7, 26]. In a study by Minsk et al., the 5- and 10-
year survival rates were 99.3 and 98.5%, respectively [65]. Usually, the prognosis is worse in
patients aged <10 years [66]. The prevalence of sodium-iodide transporter expression in
pediatric DTC metastases is greater than in adults [67, 68]. This is probably one of the reasons
for better prognosis and a superior response to radioiodine therapy in children relative to
adults, although the risk of lymph node involvement is higher in pediatric DTC [67, 68].
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11. Conclusion

Although the basis of thyroid cancer management in pediatric population is similar to that of
adults, because of longer lifespan and susceptibility of children, the risk of therapy side effects
may be higher in comparison to that of adults. Therefore, any treatment in these age groups

should be individualized considering the risk and benefit of the therapy in that patient.

Acknowledgements

The authors would like to thank Dr. Amer Shammas, Dr. Martin Charron, and Susan McQuat-
tie for sharing the institutional protocol.

Author details

Eman Marie, Mahnaz Kousha and Reza Vali’

*Address all correspondence to: reza.vali@sickkids.ca

Division of Nuclear Medicine, Diagnostic Imaging Department, The Hospital for Sick

Children, University of Toronto, Toronto, Canada

References

[1]

[2]

[4]

The Survival, Epidemiology, and End Result Program: SEER stats fact sheet: thyroid
cancer. National Cancer Institute (2014). http://seer.cancer.gov/statfacts/html/
thyro.html

Hogan AR, Zhuge Y, Perez EA, Koniaris LG, Lew ]I, Sola JE (2009) Pediatric thyroid
carcinoma: incidence and outcomes in 1753 patients. The Journal of Surgical Research
156 (1):167-172. d0i:10.1016/j.jss.2009.03.098

Davies L, Welch HG (2006) Increasing incidence of thyroid cancer in the United States,
1973-2002. JAMA: The Journal of the American Medical Association 295 (18):2164-2167.
d0i:10.1001/jama.295.18.2164

Hundahl SA, Fleming ID, Fremgen AM, Menck HR (1998) A National Cancer Data Base
report on 53,856 cases of thyroid carcinoma treated in the U.S., 1985-1995 [see com-
metns]. Cancer 83 (12):2638-2648



[6]

[7]

[8]

[18]

Thyroid Cancer in Children and Adolescents
http://dx.doi.org/10.5772/64190

Harach HR, Williams ED (1995) Childhood thyroid cancer in England and Wales.
British Journal of Cancer 72 (3):777-783

Jones MK (2002) Management of papillary and follicular thyroid cancer. Journal of the
Royal Society of Medicine 95 (7):325-326

Mazzaferri EL, Massoll N (2002) Management of papillary and follicular (differentiat-
ed) thyroid cancer: new paradigms using recombinant human thyrotropin. Endocrine-
Related Cancer 9 (4):227-247

Parisi MT, Mankoff D (2007) Differentiated pediatric thyroid cancer: correlates with
adult disease, controversies in treatment. Seminars in Nuclear Medicine 37 (5):340-356.
doi:10.1053/j.semnuclmed.2007.05.001

VaismanF, Corbo R, Vaisman M (2011) Thyroid carcinoma in children and adolescents-
systematic review of the literature. Journal of Thyroid Research (2011):845362. doi:
10.4061/2011/845362.

Siegel R, Ma ], Zou Z, Jemal A (2014) Cancer statistics, 2014. CA: A Cancer Journal for
Clinicians 64 (1):9-29. do0i:10.3322/caac.21208

Williams D (2015) Thyroid growth and cancer. European Thyroid Journal 4 (3):164-173.
doi:10.1159/000437263

Siegel DA, King J, Tai E, Buchanan N, Ajani UA, Li ] (2014) Cancer incidence rates and
trends among children and adolescents in the United States, 2001-2009. Pediatrics 134
(4):945-955. doi:10.1542/peds.2013-3926

Ward E, DeSantis C, Robbins A, Kohler B, Jemal A (2014) Childhood and adolescent
cancer statistics, 2014. CA: A Cancer Journal for Clinicians 64 (2):83-103. d0i:10.3322/
caac.21219

Josefson J, Zimmerman D (2008) Thyroid nodules and cancers in children. Pediatric
Endocrinology Reviews: PER 6 (1):14-23

Yip FW, Reeve TS, Poole AG, Delbridge L (1994) Thyroid nodules in childhood and
adolescence. The Australian and New Zealand Journal of Surgery 64 (10):676-678

dos Santos Silva I, Swerdlow AJ (1993) Thyroid cancer epidemiology in England and
Wales: time trends and geographical distribution. British Journal of Cancer 67 (2):330-
340

Farahati ], Bucsky P, Parlowsky T, Mader U, Reiners C (1997) Characteristics of
differentiated thyroid carcinoma in children and adolescents with respect to age,
gender, and histology. Cancer 80 (11):2156-2162

Henderson BE, Ross RK, Pike MC, Casagrande JT (1982) Endogenous hormones as a
major factor in human cancer. Cancer Research 42 (8):3232-3239

261



262 Thyroid Cancer - Advances in Diagnosis and Therapy

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Rapkin L, Pashankar FD (2012) Management of thyroid carcinoma in children and
young adults. Journal of Pediatric Hematology/Oncology 34 (Suppl 2):539-46. doi:
10.1097/MPH.0b013e31824e37a6

Catelinois O, Verger P, Colonna M, Rogel A, Hemon D, Tirmarche M (2004) Projecting
the time trend of thyroid cancers: its impact on assessment of radiation-induced cancer
risks. Health Physics 87 (6):606-614

Ron E, Lubin JH, Shore RE, Mabuchi K, Modan B, Pottern LM, Schneider AB, Tucker
MA, Boice JD, Jr. (1995) Thyroid cancer after exposure to external radiation: a pooled
analysis of seven studies. Radiation Research 141 (3):259-277

Mahoney MC, Lawvere S, Falkner KL, Averkin YI, Ostapenko VA, Michalek AM,
Moysich KB, McCarthy PL (2004) Thyroid cancer incidence trends in Belarus: examin-
ing the impact of Chernobyl. International Journal of Epidemiology 33 (5):1025-1033.
doi:10.1093/ije/dyh201

Parfitt T (2004) Chernobyl’slegacy. 20 years after the power station exploded, new cases
of thyroid cancer are still rising, say experts. Lancet 363 (9420):1534

Williams D (2002) Cancer after nuclear fallout: lessons from the Chernobyl accident.
Nature Reviews Cancer 2 (7):543-549. d0i:10.1038/nrc845

Jarzab B, Handkiewicz-Junak D, Wloch J (2005) Juvenile differentiated thyroid carci-
noma and the role of radioiodine in its treatment: a qualitative review. Endocrine-
Related Cancer 12 (4):773-803. doi:10.1677/erc.1.00880

Mazzaferri EL, Kloos RT (2001) Clinical review 128: Current approaches to primary
therapy for papillary and follicular thyroid cancer. The Journal of Clinical Endocrinol-
ogy and Metabolism 86 (4):1447-1463. doi:10.1210/jcem.86.4.7407

Zimmerman D, Hay ID, Gough IR, Goellner JR, Ryan ]JJ, Grant CS, McConahey WM
(1988) Papillary thyroid carcinoma in children and adults: long-term follow-up of 1039
patients conservatively treated at one institution during three decades. Surgery 104 (6):
1157-1166

Newman KD, Black T, Heller G, Azizkhan RG, Holcomb GW, 3rd, Sklar C, Vlamis V,
Haase GM, La Quaglia MP (1998) Differentiated thyroid cancer: determinants of
disease progression in patients <21 years of age at diagnosis: a report from the Surgical
Discipline Committee of the Children’s Cancer Group. Annals of Surgery 227 (4):533—
541

Schlumberger M, De Vathaire F, Travagli JP, Vassal G, Lemerle ], Parmentier C, Tubiana
M (1987) Differentiated thyroid carcinoma in childhood: long term follow-up of 72
patients. The Journal of Clinical Endocrinology and Metabolism 65 (6):1088-1094. doi:
10.1210/jcem-65-6-1088



[30]

[31]

[32]

[35]

[38]

Thyroid Cancer in Children and Adolescents
http://dx.doi.org/10.5772/64190

Luster M, Lassmann M, Freudenberg LS, Reiners C (2007) Thyroid cancer in childhood:
management strategy, including dosimetry and long-term results. Hormones 6 (4):269—
278

Mitsutake N, Knauf JA, Mitsutake S, Mesa C, Jr., Zhang L, Fagin JA (2005) Conditional
BRAFV600E expression induces DNA synthesis, apoptosis, dedifferentiation, and
chromosomal instability in thyroid PCCL3 cells. Cancer Research 65 (6):2465-2473. doi:
10.1158/0008-5472.CAN-04-3314

Vali R, Rachmiel M, Hamilton J, El Zein M, Wasserman J, Costantini DL, Charron M,
Daneman A (2015) The role of ultrasound in the follow-up of children with differenti-
ated thyroid cancer. Pediatric Radiology 45 (7):1039-1045. doi:10.1007/
s00247-014-3261-0

Hay ID (1987) Brain metastases from papillary thyroid carcinoma. Archives of Internal
Medicine 147 (3):607, 611

Francis GL, Waguespack SG, Bauer AJ, Angelos P, Benvenga S, Cerutti JM, Dinauer
CA, Hamilton J, Hay ID, Luster M, Parisi MT, Rachmiel M, Thompson GB, Yamashita
S, American Thyroid Association Guidelines Task F (2015) Management guidelines for
children with thyroid nodules and differentiated thyroid cancer. Thyroid: Official
Journal of the American Thyroid Association 25 (7):716-759. d0i:10.1089/thy.2014.0460

Corrias A, Einaudi S, Chiorboli E, Weber G, Crino A, Andreo M, Cesaretti G, de Sanctis
L, Messina MF, Segni M, Cicchetti M, Vigone M, Pasquino AM, Spera S, de Luca F,
Mussa GC, Bona G (2001) Accuracy of fine needle aspiration biopsy of thyroid nodules
in detecting malignancy in childhood: comparison with conventional clinical, labora-
tory, and imaging approaches. The Journal of Clinical Endocrinology and Metabolism
86 (10):4644-4648. doi:10.1210/jcem.86.10.7950

Ogilvie B, Piatigorsky EJ, Clark OH (2006) Current status of fine needle aspiration for
thyroid nodules. Advances in Surgery 40:223-238

Borson-Chazot F, Causeret S, Lifante JC, Augros M, Berger N, Peix JL (2004) Predictive
factors for recurrence from a series of 74 children and adolescents with differentiated
thyroid cancer. World Journal of Surgery 28 (11):1088-1092. doi:10.1007/
s00268-004-7630-y

Wada N, Sugino K, Mimura T, Nagahama M, Kitagawa W, Shibuya H, Ohkuwa K,
Nakayama H, Hirakawa S, Yukawa N, Rino Y, Masuda M, Ito K (2009) Treatment
strategy of papillary thyroid carcinoma in children and adolescents: clinical signifi-
cance of the initial nodal manifestation. Annals of Surgical Oncology 16 (12):3442-3449.
do0i:10.1245/s10434-009-0673-4

Grigsby PW, Gal-or A, Michalski JM, Doherty GM (2002) Childhood and adolescent
thyroid carcinoma. Cancer 95 (4):724-729. do0i:10.1002/cncr.10725

Handkiewicz-Junak D, Wloch ], Roskosz ], Krajewska ], Kropinska A, Pomorski L,
Kukulska A, Prokurat A, Wygoda Z, Jarzab B (2007) Total thyroidectomy and adjuvant

263



264  Thyroid Cancer - Advances in Diagnosis and Therapy

[41]

[42]

[43]

[45]

[47]

[48]

radioiodine treatment independently decrease locoregional recurrence risk in child-
hood and adolescent differentiated thyroid cancer. Journal of Nuclear Medicine:
Official Publication, Society of Nuclear Medicine 48 (6):879-888. d0i:10.2967/jnumed.
106.035535

Welch Dinauer CA, Tuttle RM, Robie DK, McClellan DR, Svec RL, Adair C, Francis GL
(1998) Clinical features associated with metastasis and recurrence of differentiated

thyroid cancer in children, adolescents and young adults. Clinical Endocrinology 49
(5):619-628

Hay ID, Gonzalez-Losada T, Reinalda MS, Honetschlager JA, Richards ML, Thompson
GB (2010) Long-term outcome in 215 children and adolescents with papillary thyroid
cancer treated during 1940 through 2008. World Journal of Surgery 34 (6):1192-1202.
doi:10.1007/s00268-009-0364-0

Machens A, Lorenz K, Nguyen Thanh P, Brauckhoff M, Dralle H (2010) Papillary
thyroid cancer in children and adolescents does not differ in growth pattern and
metastatic behavior. The Journal of Pediatrics 157 (4):648-652. doi:10.1016/j.jpeds.
2010.04.026

American Thyroid Association Guidelines Taskforce on Thyroid N, Differentiated
Thyroid C, Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel S§],
Mazzaferri EL, Mclver B, Pacini F, Schlumberger M, Sherman SI, Steward DL, Tuttle
RM (2009) Revised American Thyroid Association management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid: Official Journal of the
American Thyroid Association 19 (11):1167-1214. doi:10.1089/thy.2009.0110

Pacini F, Elisei R, Capezzone M, Miccoli P, Molinaro E, Basolo F, Agate L, Bottici V,
Raffaelli M, Pinchera A (2001) Contralateral papillary thyroid cancer is frequent at
completion thyroidectomy with no difference in low- and high-risk patients. Thyroid:
Official Journal of the American Thyroid Association 11 (9):877-881. doi:
10.1089/105072501316973145

Miccoli P, Antonelli A, Spinelli C, Ferdeghini M, Fallahi P, Baschieri L (1998) Comple-
tion total thyroidectomy in children with thyroid cancer secondary to the Chernobyl
accident. Archives of Surgery 133 (1):89-93

Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmussen U, Henry JF,
LiVosli VA, Niccoli-Sire P, John R, Ruf ], Smyth PP, Spencer CA, Stockigt JR, Guidelines
Committee NAoCB (2003) Laboratory medicine practice guidelines. Laboratory
support for the diagnosis and monitoring of thyroid disease. Thyroid: Official Journal
of the American Thyroid Association 13 (1):3-126. doi:10.1089/105072503321086962

Durante C, Montesano T, Torlontano M, Attard M, Monzani F, Tumino S, Costante G,
Meringolo D, Bruno R, Trulli F, Massa M, Maniglia A, D’ Apollo R, Giacomelli L, Ronga
G, Filetti S, Group PTCS (2013) Papillary thyroid cancer: time course of recurrences



[49]

[53]

[54]

[55]

[56]

[57]

[58]

Thyroid Cancer in Children and Adolescents
http://dx.doi.org/10.5772/64190

during postsurgery surveillance. The Journal of Clinical Endocrinology and Metabo-
lism 98 (2):636-642. d0i:10.1210/jc.2012-3401

Han JM, Kim WB, Yim JH, Kim WG, Kim TY, Ryu JS, Gong G, Sung TY, Yoon JH, Hong
SJ, Kim EY, Shong YK (2012) Long-term clinical outcome of differentiated thyroid
cancer patients with undetectable stimulated thyroglobulin level one year after initial
treatment. Thyroid: Official Journal of the American Thyroid Association 22 (8):784—
790. doi:10.1089/thy.2011.0322

Maxon HR, 3rd, Smith HS (1990) Radioiodine-131 in the diagnosis and treatment of
metastatic well differentiated thyroid cancer. Endocrinology and Metabolism Clinics
of North America 19 (3):685-718

Robbins J (1994) Treatment of thyroid cancer in childhood. National Institutes of
Health, Bethesda, MD

Willegaignon J, Sapienza M, Ono C, Watanabe T, Guimaraes MI, Gutterres R, Marechal
MH, Buchpiguel C (2011) Outpatient radioiodine therapy for thyroid cancer: a safe
nuclear medicine procedure. Clinical Nuclear Medicine 36 (6):440-445. doi:10.1097/
RLU.0b013e3182184fa0

Caldwell CB, Ehrlich LE (1999) Outpatient treatment of thyroid cancer using high doses
of iodine 131. Canadian Association of Radiologists Journal 50 (5):331-336

Gabriel S, Farman-Ara B, Bourrelly M, Carpentier O, Sebag F, Palazzo FF, De Micco C,
Mancini J, Henry JF, Mundler O, Taieb D (2011) Radiation doses to cohabitants of
patients undergoing radioiodine ablation for thyroid cancer: poor compliance with

radiation protection guidelines but low radiation exposure. Nuclear Medicine Com-
munications 32 (9):829-833. d0i:10.1097/MNM.(0b013e328347f1c2

Randolph GW, Daniels GH (2002) Radioactive iodine lobe ablation as an alternative to
completion thyroidectomy for follicular carcinoma of the thyroid. Thyroid: Official
Journal of the American Thyroid Association 12  (11):989-996. doi:
10.1089/105072502320908321

Alexander C, Bader ]B, Schaefer A, Finke C, Kirsch CM (1998) Intermediate and long-
term side effects of high-dose radioiodine therapy for thyroid carcinoma. Journal of
Nuclear Medicine: Official Publication, Society of Nuclear Medicine 39 (9):1551-1554

Kloos RT, Duvuuri V, Jhiang SM, Cahill KV, Foster JA, Burns JA (2002) Nasolacrimal
drainage system obstruction from radioactive iodine therapy for thyroid carcinoma.
The Journal of Clinical Endocrinology and Metabolism 87 (12):5817-5820. doi:10.1210/
j€.2002-020210

Burns JA, Morgenstern KE, Cahill KV, Foster JA, Jhiang SM, Kloos RT (2004) Nasola-
crimal obstruction secondary to I(131) therapy. Ophthalmic Plastic and Reconstructive
Surgery 20 (2):126-129

265



266  Thyroid Cancer - Advances in Diagnosis and Therapy

[59]

[60]

[61]

[62]

[64]

[65]

[66]

[68]

Levenson D, Gulec S, Sonenberg M, Lai E, Goldsmith SJ, Larson SM (1994) Peripheral
facial nerve palsy after high-dose radioiodine therapy in patients with papillary thyroid
carcinoma. Annals of Internal Medicine 120 (7):576-578

Vini L, Hyer S, Al-Saadi A, Pratt B, Harmer C (2002) Prognosis for fertility and ovarian
function after treatment with radioiodine for thyroid cancer. Postgraduate Medical
Journal 78 (916):92-93

Handelsman D], Turtle JR (1983) Testicular damage after radioactive iodine (I-131)
therapy for thyroid cancer. Clinical Endocrinology 18 (5):465-472

Raymond JP, Izembart M, Marliac V, Dagousset F, Merceron RE, Vulpillat M, Vallee G
(1989) Temporary ovarian failure in thyroid cancer patients after thyroid remnant
ablation with radioactive iodine. The Journal of Clinical Endocrinology and Metabo-
lism 69 (1):186-190. d0i:10.1210/jcem-69-1-186

van Santen HM, Aronson DC, Vulsma T, Tummers RF, Geenen MM, de Vijlder JJ, van
den Bos C (2004) Frequent adverse events after treatment for childhood-onset differ-

entiated thyroid carcinoma: a single institute experience. European Journal of Cancer
40 (11):1743-1751. doi:10.1016/j.ejca.2004.03.006

Pawelczak M, David R, Franklin B, Kessler M, Lam L, Shah B (2010) Outcomes of
children and adolescents with well-differentiated thyroid carcinoma and pulmonary
metastases following (1)(3)(1)I treatment: a systematic review. Thyroid: Official Journal
of the American Thyroid Association 20 (10):1095-1101. doi:10.1089/thy.2009.0446

Demidchik YE, Demidchik EP, Reiners C, Biko J, Mine M, Saenko VA, Yamashita S
(2006) Comprehensive clinical assessment of 740 cases of surgically treated thyroid
cancer in children of Belarus. Annals of Surgery 243 (4):525-532. d0i:10.1097/01.sla.
0000205977.74806.0b

Lazar L, Lebenthal Y, Steinmetz A, Yackobovitch-Gavan M, Phillip M (2009) Differen-
tiated thyroid carcinoma in pediatric patients: comparison of presentation and course
between pre-pubertal children and adolescents. The Journal of Pediatrics 154 (5):708—
714. doi:10.1016/j.jpeds.2008.11.059

Faggiano A, Coulot ], Bellon N, Talbot M, Caillou B, Ricard M, Bidart JM, Schlumberger
M (2004) Age-dependent variation of follicular size and expression of iodine trans-
porters in human thyroid tissue. Journal of Nuclear Medicine: Official Publication,
Society of Nuclear Medicine 45 (2):232-237

Patel A, Jhiang S, Dogra S, Terrell R, Powers PA, Fenton C, Dinauer CA, Tuttle RM,
Francis GL (2002) Differentiated thyroid carcinoma that express sodium-iodide

symporter have a lower risk of recurrence for children and adolescents. Pediatric
Research 52 (5):737-744. d0i:10.1203/00006450-200211000-00021



