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Thyroid cancer in children
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Background: Thyroid cancer is an uncommon
childhood malignancy usually related to radiation ex-
posure and/or genetic predisposition, such as MEN
syndromes. This review article will discuss the etiolo-
gy and genetic factors contributing to carcinoma of the
thyroid in children as well as the literature on appro-
priate surgical treatment of these patients.

Data resources; The surgical literature was re-
viewed in regard to the management of children with
thyroid cancer.

Results; Children most often present with a thy-
roid mass and diagnosis is made via fine needle aspi-
ration or surgical excision. Treatment consists prima-
rily of surgical resection though there is controversy
over the extent of excision necessary for proper onco-
logic treatment. An emerging consensus is developing
that outcome is improved with radioiodine treatment
after surgery.

Conclusions; Early aggressive treatment and fre-
quent long-term follow up is essential in the manage-
ment of these children with thyroid cancer, and most
patients can be successfully cured of their disease.
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Introduction
arcinoma of the thyroid gland is relatively unu-
C sual in children. Carcinoma of the thyroid can
be divided histologically into papillary, folli-
cular, medullary, and undifferentiated varieties; papil-
lary carcinoma is the most common form. Approxi-
mately 10% of all malignant thyroid tumors occur in
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children, representing only about 3% of all childhood
malignancies. Population studies in Wales and Los An-
geles found that the yearly incidence of thyroid carcino-
ma is between 1 and 2 cases per million individuals
younger than 20 years of age."”' The peak incidence of
thyroid cancer in children occurs between 10-18 years
of age, and females outnumber males 2 to 1 in children
above the age of 10. In children under the age of 10,
males tend to outnumber females.

With the decreasing use of radiation to treat benign
disease, the incidence of thyroid tumors in children has
decreased. Radiation as a cause of thyroid cancer was
again highlighted by the marked increase of such
tumors noted in the Republic of Belarus following the
1986 Chernobyl nuclear power plant catastrophe. "**’
About four years after the accident, the Belarus popula-
tion experienced a 62-fold increase in thyroid tumor.
The children affected by the Chernobyl incident were
noted to have a higher incidence of tumors arising in
younger children with an equal male to female ratio of
disease. The thyroid tumors noted were usually aggres-
sive papillary carcinomas with intraglandular tumor
spread, local soft tissue invasion, and nodal metastases
and were more frequently associated with thyroid auto-
immunity."”*’

Treatment for previous childhood malignancy in-
creases the incidence of thyroid carcinoma. In one
study, after treatment for childhood tumors, 9% of
secondary malignancies were thyroid cancers.'® The
most common first malignancy is Hodgkin§ lymphoma,
its treatment leads to subsequent development of thy-
roid nodules and thyroid cancer. Most thyroid neo-
plasms follow the previous use of radiation especially to
the neck. Not only radiation but also alkylating agents
predispose to thyroid cancer. The median interval from
radiation therapy to the recognition of thyroid disease is
about 13. 0 years,®’ illustrating the need for careful sur-
veillance of the children who have been successfully
treated for cancer. In these patients, disease was con-
fined to the neck and did not develop into progressive
or recurrent disease.'®’

The rearranged during transfection ( RET) gene
appears to be one of the genetic keys responsible for
thyroid cancer. The RET protooncogene is a receptor
tyrosine kinase molecule located on chromosome ten and
gene rearrangement is associated with papillary cancers.
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Table 1. Clinical aspects of differentiated thyroid cancer in children

Harness et al, Samme] and ~ Newman Astl et al,
192 Sharma, 1991 etal, 198 2004

No. of patients 89 59 329 32
Mean age 12.8 NA 15.2 NA
Percentage of females 81 66 76 86
Histology

Papillary 83 37 297 25

Follicular 6 19 32 4

Medullary 0 1 0 3

Other 0 0 0

Percentage for metastasis 88 50 74 46"
Surgical procedures

Total thyroidectomy 79 49 178 29

Subtotal thyroidectomy 5 * 55 2

Lobectomy or others 5 0 9% 0

Lymph node procedures 75 NA 255 11
Percentage for radiotherapy 82 71 43 87
Median follow-up (y) NA 11 11.3 NA
Percentage for cancer mortality 2.2 0.7 0

%, unsubgrouped children receiving total or near-total thyroidectomy ;
% %, Data on metastasis are available from 26 of the 32 patients; NA . data
not available.

Such rearrangement can place RET adjacent to various
ubiquitously expressed genes. The fusion genes are
termed RET/PTC, and they exhibit increased expres-
sion of the tyrosine kinase activity of the molecule.
These genetic rearrangements involving RET are espe-
cially frequent in radiation induced thyroid tumors.
Following the Chernobyl accident, 62% of children
from Belarus with thyroid cancer were found to exhibit
RET fusion genes.'”' In some studies, the particular
RET fusion gene combination has been correlated with
particular histologic subtypes. For example, inversion
of chromosome 10, PTC1, is more often associated
with papillary carcinoma that tends to be more slow
growing with clearer differentiation while PTC3 is more
often associated with follicular carcinoma which tends
to grow more quickly, more aggressively, and with
less differentiation.'™

Clinical examination

Clinically, thyroid carcinoma usually presents as a thy-
roid mass, an enlarged cervical lymph node, or with
both of these findings. Physical exam findings concern-
ing for malignancy include firm nodule and nodule that
are fixed to surrounding structures. Table 1 lists clini-
cal characteristics of differentiated thyroid carcinoma
from various clinical series.'*"*’ The pathologic diagno-
sis can either be established using thin-needle aspiration
cytology or by frozen-section though there is some con-
troversy over the accuracy of frozen-sections in evalua-
ting follicular lesions. As shown in Table 1, most of
these patients will have papillary thyroid carcinoma.
Prior to surgery, most children should have a thyroid

scan, to determine if the thyroid mass contains function-
ing thyroid tissue. Ultrasound can also be helpful to de-
termine if a lesion is cystic and/or serve as a guide dur-
ing the surgical.”™’

The lung is the most common site for metastases,
aside from lymph nodes, with an incidence of about
6% at diagnosis."*"*' In such cases, there is nearly al-
ways significant cervical lymph node metastases. Ra-
dioiodine scanning is required in these patients since the
sensitivity of plain chest X-ray films to demonstrate
pulmonary metastases is only about 60% .’ Though,
radioiodine scanning has its limitations as well. If there
is a significant residual thyroid gland remaining in the
neck, radioiodine scanning may be falsely negative.
For this reason, aggressive thyroid resection in children
with differentiated thyroid cancer is recommended.

Surgical treatment

Since there are no prospective clinical trials to compare
surgical management of thyroid cancer in children, there
is some controversy over the best surgical management
of these patients. The prognosis of these patients tends
to be good regardless of the surgical technique em-
ployed.'"’ Aggressive resection including total thyroid-
ectomy, with lymph node dissection if the regional
nodes are involved, has shown to increase local control
of the tumor. ****"**) Radioiodine ablative therapy is
most effective after total thyroidectomy since there is
less thyroid tissue to absorb radionuclide. Also, if total
thyroidectomy is performed, serum thyroglobulin levels
may be used to monitor for tumor recurrence.

On the other hand, differentiated thyroid carcino-
ma in children is a relatively indolent disease and sur-
vival is apparently not related to the extent of gland re-
moval so total thyroidectomy is not necessarily re-
quired."***) With total thyroidectomy, there is an in-
creased incidence of major surgical complications, in-
cluding injury to the recurrent laryngeal nerve and hy-
poparathryoidism. The reported incidence of recurrent
laryngeal nerve injury is 0-24%"’ and the reported fre-
quency of permanent hypocalcemia is 6% -27% .'>"*"
Such complications are reported to occur less common-
ly in the more recent clinical series."’

Currently, a consensus is immerging that aggres-
sive resection for differentiated thyroid cancer in chil-
dren is the best surgically management. ™ This treat-
ment probably best consists of a near total thyroidecto-
my and modified neck dissection to remove gross dis-
ease if necessary. After surgical resection, I'*" remnant
ablation and long- term suppressive thyroxin therapy are
used to treat residual disease and prevent recurrence. In
these patients it is especially important to remove as
much of the thyroid gland as possible to allow subsequent
scanning and retreatment with radioiodine as necessitated
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by tumor recurrence. Residual tumor may be treated with
radioiodine so even tumors involving the recurrent
laryngeal nerve need not be aggressively resected. The
nerve may be spared and residual tumor treated.

Prevention of surgical complications

and recurrence

The most serious complications of thyroid resection are
recurrent laryngeal nerve injury and permanent hypo-
parathryoidism. The risk of these complications increa-
ses with the extent of the surgical procedure and youn-
ger age of the patient."”®’ To prevent damage to the recur-
rent laryngeal nerve, intraoperative nerve stimulation has
been used to identify the nerve intraoperatively. A recent
report demonstrated the usefulness of this technique in
children. ™ To reduce the likelihood of hypoparathy-
roidism, the inferior thyroid artery should be ligated
near the thyroid capsule.'”’ Autotransplantation of one
or more parathyroid glands is a way to preserve para-
thyroid function. The parathyroid gland can be trans-
planted into the sternocleidomastoid muscle or into the
nondominant forearm.'®*’ If parathyroid gland perfu-
sion is compromised during the dissection, then one
should immediately autotransplant the gland into the
nearby sternocleidomastoid muscle.

Long-term follow up in these patients is critical,
considering the recurrence rate of thyroid cancer is
about 30% after 20 years. """ In a retrospective
study of 329 children treated for differentiated thyroid
cancer, there was multivariate analysis of the factors
predicting early disease recurrence.!""’ The only disease
or treatment features significantly predictive of early re-
currence were a lower age at diagnosis and the presence
of residual neck disease after surgery. Factors not af-
fecting progression-free survival included size of
tumor, local extension of tumor, lymph node involve-
ment, metastases, extent of thyroid surgery, use of I'*
radiotherapy in the initial management, or the anteced-
ent exposure to radiation."’ The overall progression-
free survival of patients with differentiated thyroid
cancer in this series was 67% at 10 years and 60% at
20 years after diagnosis.

Follow up for these patients includes an I whole
body scan and chest CT scan performed approximately
six weeks after the thyroid resection to detect residual
tumor remaining in the neck and in the lungs." Re-
maining thyroid tissue and any metastatic disease
should be treated with radioiodine which can be repeat-
ed as needed.” Yearly diagnostic radioiodine scans and
thyroglobulin level should be conducted to monitor for
recurrence. Elevated thyroglobulin values should raise
the suspicion for recurrent disease though the diagnostic
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accuracy of thyroglobulin is limited in children having
residual thyroid tissue and in those who are taking thy-
roid hormone supplementation.'®’ To increase the sen-
sitivity of thyroglobulin measurements for residual or
recurrent thyroid cancer, the thyroid stimulating hor-
mone (TSH) can be raised by inducing a short period
of iatrogenic hypothyroidism or by the administration of
recombinant human TSH."*

Thyroid medullary carcinoma

While most thyroid carcinomas in children are papillary
or follicular, approximately 5% are medullary carcino-
mas that arise from the parafollicular C-cells. Medul-
lary thyroid carcinoma (MTC) may occur sporadically
in patients having multiple endocrine neoplasia (MEN)
type 2A or 2B or in the familial medullary thyroid car-
cinoma ( FMTC) syndrome. The RET protooncogene
is important in the development of medullary thyroid
carcinoma. Various mutations in RET have been shown
to be responsible for the multiple endocrine neoplasia
type 2 syndromes, MEN 2A, MEN 2B, and FMTC.
These RET mutations affect the development of neural
crest derived tissues. Moreover, as many as 40% of
sporadic non-familial medullary thyroid carcinomas
possess RET mutations.”*’

Medullary thyroid carcinoma is usually first detected
after spread to lymph nodes or distant metastases.
Surgical resection is the only effective treatment of this
tumor. Therefore early detection is essential to a suc-
cessful treatment. Current management of MTC in chil-
dren from families having the MEN 2 syndrome relies
on the presymptomatic detection of the RET protoonco-
gene mutation responsible for the disease, followed by
prophylactic total thyroidectomy by about the age of 5
years, before the cancer spreads beyond the thyroid
gland."”™ MTC is usually the first tumor to develop in
MEN patients.'”’ Those children who have a prophy-
lactic thyroidecomy owing to the presence of a RET
mutation, 80% will already have foci of medullary car-
cinoma within the thyroid gland."’ Because of the in-
creased virulence of medullary thyroid cancer especially
in children with MEN 2B, prophylactic thyroidectomy
may be recommended in infancy.

Although thyroid cancer in children is relatively
uncommon, it is vital that physicians caring for chil-
dren remain aware of its diagnosis and treatment. Radi-
ation exposure, use of alkylating agents, and genetic
syndromes such as MEN and FMTC can dramatically
increase the risk of thyroid cancer. Aggressive surgical
treatment is gaining favor, although specific tumor fac-
tors are not to be underestimated. Although the course
is indolent, disease recurrence is fairly common, and
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long-term follow up is an essential part of the success-
ful treatment. Further studies, specifically randomized
prospective trials, are needed to prove the best surgical
intervention for these patients.
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