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Thyroid Cancer in Children

The American Cancer Society esti-
mates that 67,200 new cases of thyroid
cancer were diagnosed in the United States
in 2013 (1). The median age at diagnosis
for all patients is 50 y, with less than 2% of
occurrences being in patients younger than
20 y (2). Thyroid cancer is 10-fold more
common in adolescents than in younger
children. Because the expected number of
adolescents (ages 15–19 y) in the United
States with new diagnoses of thyroid can-
cer in 2014 is approximately 570 (3), we
should anticipate about 625 new thyroid
cancer diagnoses in children and adoles-
cents combined, with about 90% being dif-
ferentiated thyroid cancer (DTC) (4). This
incidence compares with expected inciden-
ces of about 700 for neuroblastoma (3),
400 for osteosarcoma (5), and 350 for
rhabdomyosarcoma (6).
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There have been major advances in the
treatment results for most solid malignan-
cies of childhood although cure rates re-
main suboptimal, particularly for those
with advanced disease. DTC, however,
has been associated with high survival
rates in children for more than 30 y. Since
1975, the 5-y survival rates of adolescents
with thyroid cancer have ranged from
97.5% to 99.6% (7). Only 0.1% of thyroid
cancer deaths occur in patients younger
than 20 y. Despite high survival rates, pe-
diatric patients with DTC frequently pre-
sent with regional cervical lymph nodal
metastases and distant metastatic disease,
most commonly involving the lungs. Such

patients require an aggressive treatment
approach consisting of total thyroidectomy
and excision of all surgically accessible
local-regional metastatic deposits, followed
by administration of one or more courses of
131I therapy.
The Children’s Oncology Group has no

treatment studies for thyroid cancer (http://
www.childrensoncologygroup.org/index.php/
aboutus): considering the high survival
rate of pediatric patients with DTC and
the slow rate of DTC progression, which
would require long follow-up intervals to
assess the effect of therapeutic interven-
tions on outcomes, it is unlikely that such
studies will occur in the foreseeable future.
Thus, most thyroid cancer in children is
treated empirically. We therefore rely on
retrospective analyses, despite their inher-
ent limitations, to estimate the utility of
therapeutic approaches. In that regard,
the article of Mihailovic, Nikoletic, and
Srbovan (8), published in this edition of
the Journal of Nuclear Medicine, provides
further information about the probability of
recurrent disease and the effect of thera-
peutic interventions on the outcome of pe-
diatric DTC. On the basis of a 35-y clinical
experience of treating thyroid cancer at
a major oncology referral center in Serbia,
the authors conclude that younger age at
diagnosis, relatively conservative initial
surgical intervention without subsequent
131I therapy, and tumor multifocality are
strong prognostic factors for recurrence.
There have been substantial changes in

the management of DTC cases in the past
decade. The most commonly used staging
system for thyroid cancer is the TNM staging
system of the American Joint Committee on
Cancer/International Union against Cancer,
currently in the seventh edition. American
Joint Committee on Cancer guidelines clas-
sify younger patients (age , 45 y) as either
stage I (any T, any N, M0) or II (any T, any
N, M1), and stages III and IV are not appli-
cable to younger patients (9). Irrespective of
tumor size, multifocality, and the extent of
lymph node involvement, younger patients
are classified as having stage I disease in
the absence of distant metastases. The staging
system predicts survival but does not capture
information about the risk of recurrence,
which is significantly different in patients

with small intrathyroidal tumors without
nodal metastases from that in young patients
with large tumors and extensive lymph node
involvement, although both groups are classi-
fied as having stage I disease.
To account for the increased risk of

persistent and recurrent disease in patients
with large tumors, aggressive histologic
subtypes, and the presence of cervical lymph
nodal metastases, the American Thyroid
Association has developed a 3-level risk
stratification system that is used with staging
information to determine whether patients
would benefit from 131I therapy: recommen-
dations call for 131I treatment for patients
with distant metastases, gross extrathyroidal
invasion, and tumors larger than 4 cm and
for selected patients with 1- to 4-cm tumors
confined to the thyroid who have docu-
mented node metastases or other high-risk
features. The American Thyroid Association
guidelines recommend against 131I ablation
in patients with unifocal or multifocal
tumors smaller than 1 cm (microcarcino-
mas) without high-risk features (10). Rou-
tine use of 131I administration after total
thyroidectomy is no longer recommended
because this approach has been challenged
by evidence that remnant ablation does not
improve survival in low-risk patients (11–
16). In this context, it has become impor-
tant to determine which patients will ben-
efit from selective administration of 131I
postoperatively. In addition to histopathol-
ogy information provided in the surgical
pathology report, the diagnostic informa-
tion obtained during preablation scans with
123I or 131I can serve to identify patients
with unsuspected regional and distant me-
tastases and to define the target of 131I ther-
apy. When high-dose 131I therapy is neces-
sary for treatment of distant metastatic
disease, dosimetry calculations can be per-
formed on the basis of percentage whole-
body retention at 48 h, using the tracer
dose of 123I or 131I that was used for pre-
ablation imaging.
Controversy still surrounds the issue of

stunning by the diagnostic scan dose (de-
fined as a reduction of 131I uptake seen on
posttherapy scans as compared with pre-
ablation scans and interpreted as potentially
causing a decreased effect of the subse-
quent therapy dose when administered after
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a 131I preablation scan), as more recent
investigations examining the issue have
found little or no evidence of stunning
(17–21). The contemporary view is that
the importance of stunning was overem-
phasized, that stunning appears not to be
a problem at doses of less than 74 MBq (2
mCi) of 131I when 131I therapy is adminis-
tered within 72 h of the diagnostic 131I
dose, and that stunning may be related to
a true cytocidal effect of the high 131I di-
agnostic doses (185–370 MBq [5–10 mCi])
used in the past (22–24). In this context,
preablation imaging can be used to evaluate
the presence of regional and distant metas-
tases as part of staging and risk stratification
and to inform decisions about the indication
for 131I therapy and the prescribed 131I ac-
tivity for treatment.
Assessing outcomes of 131I therapy in

patients with documented iodine-avid re-
gional and distant metastatic disease is
particularly relevant. The current study by
Mihailovic et al. examines the outcome of
53 patients aged 7–20 y with thyroid can-
cer who were treated at a large referral
center in Serbia. Although the extent of
surgery varied among hospitals, the ap-
proach to 131I treatment was uniform. Thy-
roxin was withheld for 4 wk, resulting in
thyroid-stimulating hormone elevation of
at least 30 mU/L (written communication,
Jasna Mihailovic, February 9, 2014). A
diagnostic study preceded the treatment
(written communication, Jasna Mihailovic,
February 9, 2014). Therapy doses for post-
pubertal children ranged from 3,700 to
7,400 MBq (100–200 mCi) of 131I. Post-
therapy 131I scintigraphy was performed at
72 h. Follow-up was frequent and compre-
hensive. Thyroglobulin and thyroid-stimu-
lating hormone levels were monitored every
3 mo in the first year after 131I treatment,
then every 6 mo for 5 y, and then yearly.
Follow-up diagnostic 131I whole-body stud-
ies (148 MBq [4 mCi]) were performed ap-
proximately 1 y after the first 131I ablation.
Ablation was considered successful if there
was no abnormal uptake of 131I and if thy-
roglobulin levels were undetectable during
the thyroid hormone withdrawal period.
The few patients who were not initially

treated with 131I each had recurrent dis-
ease. Because all reported patients had re-
ceived 131I therapy at some point during
the course of treatment, it is unclear how
many patients in the country did not have
131I treatment for thyroid cancer. Thus,
there may have been a selection bias to-
ward patients with presumably higher-risk
disease, although the study reports on DTC

management between 1977 and 2012,
which includes a period in which routine
rather than selective 131I ablation was com-
monly used.
Of the 51 patients, 29 received only

a single dose of 131I and experienced
a long-term remission and likely cure, but
the remaining 22 patients required repeated
courses of 131I therapy. During long-term
follow-up, 11 patients (22%) experienced
recurrent disease, with a median time to
recurrence of 52 mo; however, in 2 patients
the recurrences were late. Even in those
patients with relapse, outcomes were fa-
vorable, as nearly all experienced complete
remission. In up to 30 y of observation, no
effects on subsequent fertility and preg-
nancy and no secondary malignancies were
observed. The authors conclude that, in ad-
dition to age and tumor multifocality, the
type of initial treatment (completeness of
surgical resection and whether postopera-
tive 131I therapy was received) is predictive
for recurrence risk: the group of patients
treated with total thyroidectomy and post-
operative 131I had a lower risk for recurrent
disease than did the other groups.
The results must be understood in the

context of the high incidence of regional and
distant metastases in the cohort of patients
presented in the report by Mihailovic et al.:
69% of patients had lymph node metastases,
and 14% had distant pulmonary metastatic
disease at presentation (8). Detecting resid-
ual iodine-avid lymph node metastatic dis-
ease after surgery and the presence of distant
pulmonary metastases will clearly direct
management toward postoperative 131I ad-
ministration as opposed to management
without 131I ablation. In this context, using
preablation scans allows recommended stag-
ing and risk stratification of thyroid cancer
cases before management decisions. The
advantages include the delivery of appropri-
ately higher activities at the first 131I therapy
for patients with high-risk disease, when the
iodine-concentrating ability of the tumor is
presumably highest, and reduction or omis-
sion of activity prescribed for radioablation
for thyroid remnants. In fact, it is specifi-
cally those patients in whom ablation is
omitted who may benefit from a postopera-
tive diagnostic scan to exclude the presence
of regional and distant metastases.
Imaging technology has significantly

evolved over the past 10 y, and the image
quality of current SPECT/CT systems is
substantially superior to that of earlier g
cameras, permitting high-quality diagnos-
tic imaging with tracer doses of 131I: this
progress has been achieved by improving

the spatial and contrast resolution of mod-
ern SPECT/CT cameras and applying scat-
ter rejection, iterative reconstruction, and
CT-based attenuation correction algorithms
for SPECT. The additional radiation expo-
sure from the tracer radioiodine dose (ap-
proximately 4 mSv for 37 MBq [1 mCi] of
131I) and CT component of the study (1–4
mSv with each acquisition) (25) is very
low compared with the effective absorbed
radiation dose from 131I therapy (400–600
mSv for 3,700–5,550 MBq [100–150 mCi]
of 131I). In this context, all information
available from clinical or surgical pathology
and diagnostic imaging should be used in
deciding the risks and benefits of selective
use of 131I therapy. The study by Mihailovic
et al. (8) provides evidence about the effect
of 131I therapy on pediatric DTC outcomes,
and the selection of patients who will most
benefit from this treatment remains an im-
portant task for all physicians prescribing
131I therapy.
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