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This chapter reviews thyroid cancer in children.
It concentrates on differentiated thyroid cancer
that arises from thyroid follicle cells, especially
papillary thyroid cancer. The other major differ-
entiated thyroid cancer, follicular cell carcinoma,
is also discussed but other thyroid cancers are
only briefly mentioned. Medullary carcinoma of
the thyroid is discussed in Chap. 31, Multiple
Endocrine Neoplasia Type 2.

Discussions of thyroid cancer in children are
often dominated by extrapolations of data from
adults because thyroid cancer is so much more
common in adults than children. But thyroid
cancer in children is not the same as thyroid
cancer in adults. There are different etiologies,
risk factors, clinical presentations, and natural
histories. The unique aspects of thyroid cancer in
children have been recognized and in 2015 the
American Thyroid Association published specific
recommendations regarding the evaluation and
management of thyroid cancer in children
18 years of age and younger [1]. This chapter
will review some of those recommendations.

As for many surgical conditions, the lack of
controlled trials for patients with thyroid cancer
has led to treatment recommendations that are
largely based on upon the consensus of experts
[1, 2]. As a general rule, treatment of thyroid

cancer typically consists of initial operation to
remove gross disease in the neck and then
radioactive iodine (I-131) is given to patients
who have residual disease or to patients who are
at a significant risk for recurrent disease [3, 4].
Unlike many other childhood cancers,
chemotherapy and external beam radiation are
generally not effective against thyroid cancer.

Incidence

Thyroid cancer is an example of a common
clinical scenario in pediatric surgery—it is not a
rare problem in children, but the absolute number
of children affected is small when compared to
the number of adults. A report examining more
than 30 years of data from the Surveillance,
Epidemiology, and End Results (SEER) registry
identified 1753 patients younger than 20 years
old with thyroid carcinoma and calculated the
annual incidence in this age group to be 0.5 cases
per 100,000 people [5]. Over the duration of the
study, the incidence of thyroid cancer in children
steadily increased by 1.1% per year. This
increasing incidence in children is consistent
with the findings that the overall incidence of
thyroid carcinoma has more than doubled from
1975 to 2001 [6].

The relatively low incidence of the thyroid
cancer in children can be considered from dif-
ferent perspectives. First, when looking at all
patients with thyroid cancer, children are a defi-
nite minority, with patients under 20 years of age
accounting for less than 2% of patients with a new
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diagnosis of differentiated thyroid cancer [1, 4].
However, from the perspective of malignancy in
the young, thyroid cancer is an important
problem.

Among young people the risk of thyroid
cancer is directly related to increasing age.
Thyroid cancers make up less than 1% of
malignant tumors in children younger than
10 years of age but they are much more common
in adolescents. In children aged 15–19 years
thyroid cancer accounts for 7.5% of all cancers
making it the 8th most common malignancy in
that age group (and the second most common in
girls) and in young adults 20–24 years old thy-
roid cancer accounts for 10.5% of all cancers
making it the third most common cancer in that
age group [5, 7].

These incidence figures translate to between
300 and 400 young people with new diagnoses
of thyroid cancer each year in the United States.
When compared to the roughly 500 new cases of
Wilms tumor each year it is apparent that thyroid
cancer is a relatively common pediatric tumor
requiring surgery [4]. However, the relative fre-
quency that patients with thyroid cancer are seen
at any individual pediatric center varies widely
depending upon referral patterns and the number
of adolescents cared for by that center.

Epidemiology

As with adults, pediatric patients diagnosed with
thyroid carcinoma are more likely to be female
than male [8, 9]. This female gender predomi-
nance is more marked with increasing age. Chil-
dren younger than 10 years of age with thyroid
cancer are only slightly more likely to be female
with a gender distribution of 1.2–1.6 girls: 1 boy,
while for children aged 10–14 years the ratio is
3.3 girls: 1 boy, and for those aged 15–19 years
old the gender distribution is 5.2 girls: 1 boy [10].
Although the data is not as robust in children
there are differences in the racial distribution of
thyroid carcinoma in adults indicating a higher
frequency of diagnosis in Non-Hispanic whites
relative to African-Americans [11, 12].

Etiology

Although the cause of most thyroid cancers is
unknown, there is an increased risk of thyroid
cancer with radiation exposure and in some
genetic syndromes.

Risk of Thyroid Cancer After Radiation
Exposure

Radiation exposure is the best-known environ-
mental risk factor for developing thyroid cancer.
The majority of thyroid cancers that develop after
radiation exposure are papillary carcinomas [13].
The magnitude of the risk of thyroid malignancy
after radiation exposure is related to the age of
the patient at the time of the exposure, the radi-
ation dose, and associated conditions and
treatments.

The sensitivity of the thyroid gland to irradi-
ation is higher in younger patients [13–15] and
the increased risk is especially marked with
radiation doses at or above 20–29 Gy [16].

Radiation exposure can be classified as either
low- or high dose. Low-dose exposures include
[1] therapeutic irradiation for benign conditions
such as hemangiomas, enlarged tonsils, or thy-
mic hyperplasia and [2] living in the vicinity of
nuclear accidents such as Chernobyl or in areas
impacted by atomic bombs. High-dose exposure
occurs with radiation treatment for malignancy.
The risk of malignancy is higher with higher
radiation doses.

Although the cumulative incidence of thyroid
malignancy following medical treatment is low,
the incidence of thyroid cancer was found to be
higher than expected in cohort analyses of sur-
vivors of other childhood cancer [17]. The
increased risk of thyroid cancer in individuals
who have had radiation exposure to their thyroid
during childhood has led to recommendations for
long-term thyroid ultrasound surveillance of
these patients to detect thyroid nodules [18].

The age-dependent sensitivity of the thyroid
to the carcinogenic effects of radiation has also
been noted with exposure to I-131. In adults

40 D.J. Ledbetter



treated with I-131 there seems to be a minimally
increased risk of future thyroid cancer, whereas
children and even adolescents seem to have an
increased risk. The risk is even more substantial
if the child was younger than 10 years at the time
exposure [19]. The clinical relevance of this
increased risk was demonstrated by the epidemic
of papillary thyroid cancer among children
exposed to I-131 after the Chernobyl nuclear
reactor accident in 1986 [20]. Even though
radiation-related papillary thyroid cancers look
more aggressive histologically and have higher
recurrence rates, the overall patient survival with
these tumors is similar to tumors not associated
with radiation exposure [21].

Risk of Thyroid Cancer in Syndromes

Thyroid cancers are associated with several
genetic syndromes including multiple endocrine
neoplasia, familial adenomatous polyposis,
PTEN hamartoma tumor syndromes, the Carney
complex, DICER1 syndrome, and familial non
medullary thyroid carcinoma (FNMTC).

Multiple endocrine neoplasia (MEN) type IIA,
MEN IIB, and familial medullary thyroid cancer,
are autosomal dominant syndromes caused by
mutations in the RET proto-oncogene. These
syndromes are associated with a very high risk of
medullary carcinoma of the thyroid. These syn-
dromes and medullary thyroid carcinoma are
discussed in more detail is in Chap. 31.

The autosomal dominant syndrome of familial
adenomatous polyposis (FAP) is caused by
mutations in the adenomatous polyposis coli
(APC) gene. The subset of patients with FAP
who have extraintestinal manifestations of their
APC mutation are often labeled as having
Gardner syndrome. Patients with FAP/Gardner
syndrome are at increased risk of developing
thyroid cancer at a relatively young age. The
thyroid cancer is usually papillary carcinoma and
the mean age at diagnosis is 33 years. Because of
their relatively high risk of developing thyroid
cancer it is recommended that patients with
FAP/Gardner syndrome have regular ultrasound
screening for thyroid nodules [22].

Mutations in the protein tyrosine phosphatase
and tensin (PTEN) gene are associatedwith a group
of rare conditions known as PTEN hamartoma
tumor syndromes. The best-described PTEN
hamartoma tumor syndrome is Cowden syndrome,
which is an autosomal dominant syndrome of
macrocephaly, multiple hamartomas, and charac-
teristic skin abnormalities such as trichilemmomas.
Patients with Cowden syndrome have an increased
risk of differentiated thyroid cancer that can present
in childhood. This risk has led to ultrasound
screening for thyroid abnormalities [23–25].

The Carney complex is an autosomal domi-
nant syndrome of abnormal skin pigmentation
(lentigenes and blue nevi) and an increased risk
of endocrine and nonendocrine tumors. The most
common endocrine tumor in Carney complex is
primary pigmented nodular adrenocortical dis-
ease (PPNAD), which can cause Cushing’s syn-
drome. Patients with the Carney complex also
have an increased risk of thyroid adenomas and
carcinomas [26].

DICER1 syndrome is a rare, autosomal
dominant syndrome that increases the affected
individuals’ risk of developing a variety of
unusual benign and malignant tumors at a young
age. The most common tumor that develops in
DICER1 syndrome is pleuropulmonary blas-
toma, which usually presents before 6 years of
age [27]. Patients with DICER1 are also at risk
for including ovarian sex cord stromal tumors,
cystic nephroma, multinodular goiter, and dif-
ferentiated thyroid cancer [28]. Most patients
with DICER1 do not develop tumors.

A child with a sibling or a parent with a dif-
ferentiated thyroid cancer has an increased risk of
developing a differentiated thyroid cancer. These
patients with familial non-medullary thyroid
cancer (FNMTC) may account for up to 5% of all
patients with differentiated thyroid cancers [29].
There is probably more than one genetic pathway
to explain the increased risk of differentiated
thyroid cancer within certain families and it is an
area of ongoing investigation [30]. Although
controversial, patients with FNMTC seem to be
more likely to present with multifocal, bilateral,
disease and to present with lymph node
involvement at diagnosis [31].
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Pathology

The pathologic classification and histologic defi-
nition of types of thyroid cancers is from the
World Health Organization (WHO) and is the
same in children and adults [32]. The over-
whelming majority of thyroid tumors in children
are differentiated thyroid cancers that arise from
thyroid follicular cells. In the SEER registry
report mentioned previously, more than 90% of
the 1753 children and adolescents had differen-
tiated thyroid cancers and most of those were
papillary thyroid cancer (Table 4.1) [5]. Other
series from around the world suggest that papil-
lary thyroid cancer accounts is even more
prevalent that the SEER report suggests with 90–
95% of childhood thyroid cancer [33–35]. The
other major differentiated thyroid cancer, follic-
ular cancer, accounts for most of the rest of thy-
roid cancers [5]. Other thyroid cancers including
medullary thyroid cancer and poorly differenti-
ated or anaplastic thyroid cancer are rare.

Papillary Thyroid Cancer

Pathologic features of papillary thyroid cancer
include psammoma bodies and nuclear ground
glass appearance, longitudinal grooves, and
inclusions [32]. Histologic subtypes of papillary
thyroid cancer seen in children include classic,
solid, follicular, and diffuse sclerosing variants.
The diffuse sclerosing variant is important to
consider because it is more common in children,
especially younger children, than in adults and it
has a unique clinical presentation of enlargement
of an entire thyroid lobe or the entire gland rather

than as a nodule within the gland [36]. The rel-
ative prevalence of this variant has led to the
recommendation that children presenting with
diffusely enlarged thyroid glands or lobes have
ultrasound imaging to evaluate for findings of
malignancy [1].

Papillary thyroid cancer is often multifocal
(30–60%) and bilateral (30%) and neck lymph
node metastases are present in at least 30–60% of
children at diagnosis [37–40]. Pulmonary
metastases are also common (10–25%) in chil-
dren at diagnosis, usually when neck lymph
nodes metastases are present [41, 42]. Overall, at
the time of diagnosis, children with papillary
thyroid cancer are more likely than adults to have
tumor extending beyond the capsule of the thy-
roid, regional lymph node metastases, and pul-
monary metastases, even when controlled for
tumor size and histology [37–39, 41, 42]. But
despite having more advanced disease at the time
they present, children with papillary thyroid
cancer have an excellent prognosis.

Follicular Thyroid Cancer

Follicular thyroid cancer is relatively rare [5] and
it is usually seen in adolescents rather than
younger children. Unlike papillary cancer there is
less of a female preponderance [41] and its
incidence seems to be decreasing rather than
increasing [43]. The risk factors for developing
follicular thyroid cancer are different than the risk
factors for developing papillary thyroid cancer
with iodine deficiency related to follicular thy-
roid cancer but not papillary cancer [44, 45] and
radiation exposure related to papillary thyroid
cancer but not follicular cancer [37]. Follicular
thyroid cancers are common thyroid tumors in
the PTEN syndromes so patients with follicular
thyroid cancers should be closely evaluated for
PTEN syndromes [25].

Follicular neoplasms are typically encapsu-
lated. The cytological features of follicular thy-
roid cancers and benign follicular adenomas are
identical and it is only possible to make the
diagnosis of malignancy when there is tumor
invasion through the capsule or into blood

Table 4.1 Histologic types of thyroid cancers in chil-
dren from SEER registry report

83% papillary

60% papillary

23% follicular variant of papillary

10% follicular thyroid cancer

5% medullary

2% other

From Ref. [5], with permission
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vessels. This explains why FNA can only iden-
tify a follicular tumor and not a follicular
malignancy. Histologic subtypes of follicular
thyroid cancer include Hürthle cell, clear cell,
and insular variants. These less differentiated
variants are all rare in children [46] and tend to
be associated with more aggressive disease and a
worse prognosis in adults [47].

The clinical presentation and behavior of fol-
licular thyroid cancer are distinct from the more
common papillary thyroid cancer with fewer
neck lymph metastases but rather a propensity
for hematogenous spread and lung metastases.
Follicular and papillary thyroid cancers have the
same excellent prognosis [5].

Other Thyroid Cancers

Other, non-differentiated thyroid cancers in
children include medullary and anaplastic thyroid
cancer and lymphomas. Medullary thyroid can-
cer derives from parafollicular C cells that pro-
duce calcitonin rather than follicular cells that
produce thyroid hormones. This tumor is
reviewed in Chap. 31.

Anaplastic thyroid cancer accounts for <2% of
thyroid cancers of all ages. It is mainly a disease
of the elderly with the large majority of afflicted
patients more than 60 years of age. Anaplastic
thyroid cancer is very rare in children. Histo-
logically, it is undifferentiated and similar to
non-Hodgkin lymphoma, medullary thyroid car-
cinoma, the insular variant of follicular thyroid
carcinoma, and poorly differentiated carcinoma
that has metastasized to the thyroid. Modern
immunohistochemistry techniques should make
diagnostic confusion less likely. Anaplastic thy-
roid cancer is also functionally primitive and it
does not concentrate iodine so radioactive iodine
is not useful for treatment. Anaplastic thyroid
cancer grows rapidly, invades locally, and often
presents with symptoms such as dysphagia and
hoarseness. More than 40% of patients have
distant metastatic disease when they present. It is
a deadly disease with more than 80% of patients
dead within a year of diagnosis and most are
dead within 6 months [48].

Lymphoma of the thyroid is rare in adults and
children. It usually presents as a relatively
rapidly enlarging neck mass in a patient with a
history of Hashimoto’s thyroiditis. Pathologi-
cally, lymphomas of the thyroid are usually large
B-cell lymphomas, but other types of lymphoma
are possible. The diagnosis of lymphoma can be
made by fine-needle aspiration biopsy by an
experienced pathologist. Surgery is limited to the
biopsy and treatment consists of chemotherapy
and radiation depending upon the type of lym-
phoma [49].

Clinical Presentations of Thyroid
Cancer

Thyroid cancer usually presents as a thyroid
nodule or an enlarged thyroid gland that may be
noticed by the patient or the patient’s family or is
found on routine physical exam. Thyroid nodules
may not be visible or palpable and only be dis-
covered on imaging studies done for screening
purposes or for other reasons. Significant thyroid
nodules are usually evaluated by fine needle
aspiration (FNA) that allows for risk stratification
that defines a risk of malignancy. For more on
the evaluation of thyroid nodules see Chap. 3.

Thyroid cancer may also be discovered in the
surgical specimen after resection of part or all the
thyroid gland done for diagnosis of a thyroid
nodule or for a benign disease. Finally, thyroid
cancer can present with a neck lymph node
metastasis or even distant metastatic disease. As
noted previously, children and especially
younger children are more likely than adults to
present with advanced disease [37, 41, 50].

Evaluation

The preoperative evaluation (or staging) of a
patient with thyroid cancer usually begins during
the evaluation of a patient’s thyroid nodule (see
Chap. 3). A full history and physical examina-
tion should be done with directed questioning
about symptoms of hoarseness, voice change,
dysphagia, neck pain, and the onset and rapidity
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of growth of any neck mass. Any history of
radiation exposure and family history of thyroid
cancer or any malignancy should be noted. A full
physical exam should be done with special
attention to the thyroid gland and neck lymph
nodes. If not already done, thyroid function tests
should be obtained.

Critical for preoperative staging is a
high-quality ultrasound of the thyroid gland and
the entire neck with the goal of identifying cer-
vical lymph node metastases that would dictate
the performance of a neck dissection at the time
of thyroid resection. If there is bulky lym-
phadenopathy or if there are any concerns about
local invasion of the trachea, esophagus, or
recurrent laryngeal nerve then more detailed
imaging of the neck should be done with either a
CT scan with contrast or MRI [1]. The potential
disadvantage of a CT scan with (iodinated)
contrast is that the iodine load given could delay
postoperative staging and treatment with
radioactive iodine. When abnormal lymph nodes
are seen on imaging then FNA should be done to
confirm the presence of metastases.

Nuclear medicine thyroid scans are not usu-
ally indicated preoperatively, except in the early
evaluation of an undiagnosed thyroid nodule in a
patient with a low TSH. If there is cervical lymph
node metastases then a chest X-ray or a chest CT
scan could be considered, although any lung
metastases would probably be identified on the
postoperative radioactive iodine scan.

Treatment

Children with thyroid cancer have been treated
by a variety of methods over the last 50 years
with very high survival rates, even though
recurrent disease and persistent is relatively
common. The goal of current treatment is to
maintain the very low disease-specific mortality
that has been has been obtained in the past while
minimizing the complications and morbidity
associated with treatment. The treatment of
children with thyroid cancer is best done by an
experienced, multidisciplinary team of medical
and surgical specialists working in an

environment with all the resources and personnel
to care for children [1]. The team approach is
essential in all phases of treatment because the
evaluation, surgical treatment, medical treatment,
and long-term follow-up are closely linked and
interdependent.

In brief, the treatment of children with thyroid
cancer begins surgery to remove all gross disease
in the neck—usually total thyroidectomy [51]
and compartmental excision of any involved
cervical lymph nodes. Postoperative staging fol-
lows surgical resection. Patients found to have
persistent local disease or distant metastatic dis-
ease and patients who are thought to be at high
risk for recurrent disease are treated with
radioactive iodine for [3, 4]. The goal of the
combination of surgical resection and radioactive
iodine is to eliminate all disease that can be
detected by diagnostic whole-body radioactive
iodine scanning and serum thyroglobulin.

Surgical Treatment

The operations done for treatment of thyroid
cancer should be done by a surgeon experienced
in thyroid surgery [1], although how these sur-
geons should be identified is a matter of ongoing
debate. The initial operation for a known thyroid
cancer is usually a total or near-total thyroidec-
tomy (near-total thyroidectomy defined as pre-
serving 1–2% of the thyroid gland that is
adjacent to the recurrent laryngeal nerve or blood
supply to the superior parathyroid gland). Total
thyroidectomy is now favored over the previ-
ously commonly done thyroid lobectomy
because of the high risk for bilateral disease
(noted previously in Section “Papillary Thyroid
Cancer”) and the higher risk of local recurrence
and later surgical procedures when less than a
total thyroidectomy is performed [40, 52, 53].
Total thyroidectomy also makes postoperative
follow-up with diagnostic radioactive iodine
scans and serum thyroglobulin easier and more
reliable. Unilateral thyroid lobectomy is some-
times favored for very small tumors, especially
when there is no evidence of disease outside the
thyroid gland and future radioactive iodine
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imaging and treatment is not likely. The ana-
tomic principles of total thyroidectomy are dis-
cussed in detail in Chap. 1.

The most serious complications after total
thyroidectomy include hypoparathyroidism and
recurrent laryngeal nerve injury. Postoperative
hypoparathyroidism with resulting hypocalcemia
is caused by resection or devascularization of the
parathyroid glands [54]. If devascularization is
recognized then the parathyroid gland can be
autotransplanted into the sternocleidomastoid
muscle [55]. Transient hypocalcemia requiring
postoperative treatment with calcitriol (the active
form of vitamin D) and calcium is a relatively
common problem after total thyroidectomy that
can prolong hospitalization while the serum cal-
cium levels stabilize. There are different strate-
gies to deal with this problem including
intraoperative monitoring of the parathyroid
hormone (PTH) [56] and initiating early, pro-
phylactic treatment of all patients with calcitriol
and calcium [57]. Efforts to prevent recurrent
laryngeal nerve injury have been concentrated on
methods of nerve monitoring which although
technically possible have not been found to
reliably decrease the risk of nerve injury [58].

Surgery for follicular neoplasms usually con-
sists of an initial thyroid lobectomy. Frozen
section may be useful to look for unexpected
papillary thyroid cancer but will not be able to
differentiate a benign from a malignant follicular
tumor. When the follicular neoplasm is benign
then no further surgery is needed. When the
follicular tumor is malignant then careful con-
sultation with pathology, endocrinology, oncol-
ogy, and nuclear medicine experts is needed to
decide if completion thyroidectomy is needed or
if lobectomy will be sufficient resection. Smaller
tumors that have minimal evidence of invasion
may potentially be treated by lobectomy alone
while larger tumors and those that are more
invasive histologically are probably best treated
by completion thyroidectomy. The usual lack of
neck lymph metastases means that neck lymph
node dissections are typically not part of surgical
treatment of follicular cancer.

The frequent spread of papillary thyroid can-
cer to neck lymph nodes and the treatment goal

of removing gross disease lead to the frequent
performance of lymph node resections [40].
These procedures can be therapeutic, prophy-
lactic, unilateral, or bilateral. It is optimal that
any lymph node resection be done at the time of
the thyroid operation, which is why preoperative
assessment of the neck lymph nodes is so
important.

When lymph nodes are removed it should be
done as “compartment dissection” rather than as
“berry-picking”, the removal of only obvious,
enlarged lymph node [59]. The definition and
reporting terminology of neck dissections for
thyroid cancer have been standardized [60, 61].
The central neck or anterior compartment is
immediately adjacent to the thyroid gland and is
designated level VI. Level I is also central but
higher in the neck in the submental area (level
IA) and submandibular area (level IB). Levels in
the lateral neck are II through V. Levels IIA and
IIB are the upper jugular group with IIA being
anterior (medial) and IIB being posterior (lateral
to the spinal accessory nerve). Level III is the
middle jugular area from the hyoid bone superi-
orly to the cricoid cartilage inferiorly. Level IV is
the lower jugular area from the cricoid cartilage
to the clavicle and Level V is the posterior tri-
angle area (Fig. 4.1).

Papillary thyroid cancer most commonly
metastasizes to the central area, level VI, on the
same side as the tumor. When there is preoper-
ative evidence of abnormal lymph nodes in the
central neck (or in the lateral neck) then central
neck dissection is recommended [1, 60]. Unfor-
tunately, neck ultrasound is less reliable at
identifying abnormal lymph nodes in the central
neck than in the lateral neck [62]. Also, it is not
clear if ultrasound size criteria of the tumor or the
lymph node that have been used for adults to
identify patients at high risk for metastatic dis-
ease are applicable to children [63]. Central neck
lymph node dissections increase the risk of
recurrent laryngeal nerve injury and permanent
hypoparathyroidism so there is considerable
debate on when and how (unilateral or bilateral)
they should be performed [64, 65].

Lateral neck dissections are those compart-
mental lymph node resections beyond the central
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compartment (level VI). Lateral neck dissections
are recommended when there is preoperative
evidence of lymph node metastases in those
compartments to decrease the chance of persis-
tent and recurrent disease [37, 40]. The dissec-
tion can be tailored based on the preoperative
staging but often involves levels III, IV, V, and II
[66].

Although thyroid surgery in adults is
increasingly being done on an outpatient basis,
most children, especially younger children and
those undergoing a total thyroidectomy with or
without neck dissection are admitted after their
operation. They are observed for potential
bleeding, airway compromise, recurrent laryn-
geal nerve injury, and hypocalcemia due to
hypoparathyroidism. Operative complications are
directly related to younger ages and the extent of
the operation with recurrent laryngeal nerve
injury reported in 3.8% of children 6 years and
under, in 1.1% of children 7–12 years, and in 0.6
of patients 13–17 years of age [67]. TSH usually
stimulates differentiated thyroid cancer so after
surgery thyroid hormone replacement is given to
suppress TSH with the target TSH level being
lower in patients at higher risk [1].

Postoperative Staging

After the initial operation postop evaluation
(staging) is done to identify patients who would
benefit from postoperative radioactive iodine
treatment and to help define the intensity of
follow-up care needed. This staging is dependent
upon the surgical pathology, a postoperative
diagnostic whole-body radioactive iodine scan,
and serum thyroglobulin level [1]. Staging is best
done within 12 weeks of surgery.

Pathologic staging for children is a modifica-
tion of the adult method by the American Thy-
roid Association that is designed to better risk
stratify patients [1]. There are three risk groups—
Low, Intermediate, and High [1]. The Low risk
group has either no neck lymph node metastases
or only microscopic metastases to a small num-
ber of central (level VI) lymph nodes. Low-risk
patients have a low risk of distant metastases but
some risk of recurrent or persistent disease in the
neck lymph nodes. Intermediate risk patients
have extensive central neck lymph node metas-
tases or minimal lateral compartment neck lymph
node metastases. They are also at a low risk for
distant metastases but have an increased risk

II I

III

VIV

IV

II I

III

VIV

IV

Midline

Mandible

Hyoid bone

Cricoid
cartilage

Clavicle

Sternocleidomastoid
muscle

Fig. 4.1 Neck lymph
node levels (see text for
descriptions)
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(compared to Low risk patients) of recurrent or
persistent disease in the neck lymph nodes.
High-risk patients have locally invasive disease,
extensive metastases to lateral compartment
lymph nodes, or distant metastases. They have
the highest risk of recurrent or persistent regional
or distant disease [1].

The staging for Low-risk patients consists of
serum thyroglobulin levels while they are
euthyroid; i.e., when their TSH is suppressed by
their thyroid hormone replacement. Thyroglob-
ulin is a glycoprotein made by follicular cells and
follicular cell malignancies and its presence
correlates well with the presence and magnitude
of metastatic disease in patients who have had
their normal thyroid removed [68]. This value
can then be followed in the future to observe
trends. If the thyroglobulin is initially low and
increases over time then it would indicate
recurrent disease.

Staging for patients who are Intermediate and
High Risk consists of serum thyroglobulin levels
when their TSH levels are elevated (the TSH will
tend to stimulate any persistent disease) and
diagnostic whole-body radioactive iodine
(RAI) scans, although some Intermediate risk
patients may not need diagnostic scanning [1].
Diagnostic radioactive iodine scans are done
with either I-123, which is ideal but more
expensive, or I-131, which is the same isotope,
used for treatment.

Postoperative Radioactive Iodine
Treatment

Radioactive iodine treatment is given to treat
known residual or metastatic disease and to
prevent recurrent disease [69]. Enthusiasm for its
routine use has been tempered by the observation
that when children with differentiated thyroid
cancer are followed for a very long time that
those treated with radioactive iodine have an
increase in all-cause mortality compared to those
not treated with radioactive iodine. This
increased mortality is mainly due to an increased
risk second malignancy in those treated with
radiation [52, 70].

Radioactive iodine may be given for diag-
nostic scans (see above) or may be given for
treatment. Treatment is with I-131. Radioactive
iodine is effective because iodine is markedly
concentrated in cells of differentiated thyroid
cancers as well as normal thyroid tissue. This
concentration of iodine is most pronounced when
TSH (thyroid stimulating hormone or thy-
rotropin) is present at relatively high levels. This
requires that the patient either be hypothyroid,
raising endogenous TSH levels, or receive
recombinant human TSH (rhTSH). In addition,
the patient must be in a state of relative iodine
deficiency with no recent iodinated contrast and
often a low iodine diet [4].

The dosing of radioactive iodine in children
requires either an empiric determination based on
the patient’s size or a more specific determination
with calculation of the theoretical maximum dose
that will avoid bone marrow toxicity. This
specific calculation is known as dosimetry [4].
Radioactive iodine toxicities are mainly to tissues
incorporating iodine and consist of—sialadenitis
(salivary gland inflammation), xerostomia (dry
mouth), dental caries, stomatitis (inflammation of
the mouth), dry eyes, and nasolacriminal duct
obstruction [71]. Decreased spermatogenesis has
been observed in post pubertal males, so sperm
banking should be offered.

Outcomes/Complications

Even though children present with more
advanced disease than adults they have a better
survival. Even with advanced local disease or
metastatic disease children with differentiated
thyroid cancer have an excellent survival. In the
SEER data base study of 1753 children with
thyroid cancer those with papillary thyroid can-
cer had survivals of 98, 97, and 91% at 5, 15, and
30 years [5]. In the same study the survival with
follicular thyroid cancer was 96, 95, and 92% at
5, 15, and 30 years [5]. Many series report nearly
100% disease specific survival over 10 and 20
and more years [37, 41, 52]. Even with tumor
recurrence and lung metastases prognosis is
good.
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Recurrences are relatively common and the
most important risk factor for disease free sur-
vival is the extent of the original operation [40,
52]. Recurrence in the neck can be treated with
surgical resection of gross disease if technically
possible. Radioactive iodine treatment is given
when operation is not deemed to be effective or
safe. Pulmonary metastases are treated with
radioactive iodine and even though it is persistent
the disease may not progress.
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