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Abstract

Context: Distant metastases (DM) from childhood differentiated thyroid carcinoma
(DTC) are uncommon and published studies are limited.

Objective: This work aimed to describe the outcomes of patients with DM from childhood
DTC and to evaluate the molecular landscape of these tumors.

Methods: A retrospective study was conducted at a tertiary cancer center including
patients with pediatric DTC (diagnosed at age < 18 years from 1946 to 2019) and DM.
Results: We identified 148 patients; 144 (97%) had papillary thyroid carcinoma (PTC) and
104 (70%) were female. Median age at DTC diagnosis was 13.4 years (interquartile range
[IQR], 9.9-15.9 years). Evaluable individuals received a median of 2 (IQR, 1-3) radioactive
iodine (RAI) treatments at a median cumulative administered activity of 238.0 mCi (IQR,
147.5-351.0 mCi). The oncogenic driver was determined in 64 of 69 PTC samples: RET
fusion (38/64; 59%), NTRK1/3 fusions (18/64; 28%), and the BRAFV600E mutation (8/64;
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13%). At last evaluation, 93% had persistent disease. The median overall and disease-
specific survival after DTC diagnosis were 50.7 and 52.8 years, respectively. Eight (5%)
PTC patients died of disease after a median of 30.7 years (IQR, 20.6-37.6 years).

Conclusion: Childhood DTC with DM persists in most patients despite multiple courses of
RAI, but disease-specific death is uncommon, typically occurring decades after diagnosis.
Fusion genes are highly prevalent in PTC, and all identified molecular alterations have
appropriate targeted therapies. Future studies should focus on expanding genotype-
phenotype correlations, determining how to integrate molecularly targeted therapy into
treatment paradigms, and relying less on repeated courses of RAIl to achieve cure in

patients with DM from childhood DTC.

Key Words: pediatric thyroid cancer, stage I, somatic mutation, fusion gene, prognosis, lung metastasis

The most common endocrine malignancy, differentiated
thyroid carcinoma (DTC) is rarely diagnosed during child-
hood and accounts for about 4% of all pediatric cancers
(1). Approximately 90% of children with DTC have pap-
illary thyroid carcinoma (PTC) whereas less than 10% are
diagnosed with follicular thyroid carcinoma (FTC) (2, 3).
From 2012 to 2016, the age-adjusted incidence rates of
thyroid cancer in the United States ranged from 1.6 cases
per million per year in children ages 5 to 9 years to 34
cases per million per year in adolescents (ages 15-19 years),
the most commonly affected pediatric age group (4). Rates
of pediatric DTC have been increasing over the decades,
a phenomenon that cannot solely be explained by an in-
creased diagnosis of small or incidental tumors (1, 2, 4, 5).
At diagnosis, children present with more advanced dis-
ease compared with adults. Children with PTC have larger
primary tumor sizes with frequent extrathyroidal exten-
sion and are more often diagnosed with lymph node and
distant metastases (DM) (6-17). The lungs are the primary
site of DM, which are identified in up to approximately
25% of childhood DTC patients (7, 13, 15-34), depending
on the series. The risk of DM correlates with the presence
and extent of lymph node metastases (7, 9, 20, 34). Despite
more extensive disease at presentation, children have an ex-
tremely low disease-specific mortality regardless of the fact
that most patients with DM from pediatric DTC do not
reach remission (10, 13, 15, 16, 23, 25, 26, 30, 34-36).
The molecular pathogenesis of DTC, especially PTC, has
become better elucidated over the years. Point mutations
and fusion genes that activate the mitogen-activated pro-
tein kinase pathway play a major role in thyroid cancer
development and propagation (37, 38). In pediatric PTC,
chromosomal rearrangements involving the REarranged
during Transfection (RET) proto-oncogene and the neuro-
trophic tyrosine receptor kinase (NTRK) genes (NTRK1
and NTRK3) are the most common oncogenic drivers (14,
32,39-47). The BRAF V60OE point mutation is also preva-
lent in childhood PTC (32, 40-43, 45-50), but at a much

lower rate than adult PTC. These differences in molecular
pathogenesis most likely explain the differences in clinical
behavior observed between older and younger patients
with PTC. Knowledge regarding tumor genotype may in-
form the expected clinical course, response to radioactive
iodine (RAI), and potential for gene-targeted therapy for
progressive DM. However, there has been very limited re-
search in this area as relates to pediatric DTC.

The management of pediatric thyroid cancer with DM
is challenging, given the excellent prognosis and protracted
clinical course of childhood DTC, coupled with unique
concerns regarding the potential long-term sequelae of
overzealous treatment during childhood. To date, there
have been few large-scale studies with comprehensive clin-
ical data and extended follow-up periods in patients with
DM from childhood DTC, and none of these incorporated
testing for somatic molecular alterations. Therefore, data
on clinical outcomes and tumor genotype are lacking in
these patients. In the present study, we sought to describe
the clinical characteristics and long-term outcomes of pa-
tients with DM and a diagnosis of pediatric DTC. The
second aim was to evaluate the molecular genotype of pedi-
atric PTC in a large subset of study participants and to as-
sess possible relationships between mutational status and
clinical characteristics.

Materials and Methods

This study was performed at The University of Texas MD
Anderson Cancer Center, a tertiary referral center for thy-
roid cancer located in Houston, Texas. Using institutional
databases, we identified individuals diagnosed with pedi-
atric DTC from 1946 to 2019 and retrospectively reviewed
their medical records for eligibility. Patients were con-
sidered eligible for study inclusion if they had been diag-
nosed with DTC during childhood (defined as age 18 years
or younger) and were found to have DM at any time point
of their follow-up, including adulthood. Patients were
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excluded if they did not have at least one in-person clinic
visit or if there was insufficient clinical information to de-
termine DM status. Some individuals included in the pre-
sent study have been reported in prior published studies
and case reports (20, 21, 36, 51, 52). This study was ap-
proved by the MD Anderson Institutional Review Board.
A waiver of informed consent was requested and granted
by the institutional review board for the data collection
and retrospective review.

Data retrieval

Data regarding diagnosis, pathology, molecular test re-
sults, surgical treatment, administration of RAI, additional
therapies (surgery, systemic therapy, external beam radi-
ation therapy [EBRT], or other interventions), and clinical
follow-up (imaging, levels of thyrotropin, thyroglobulin
[Tg], and thyroglobulin antibodies [TgAbs]) were extracted
from the electronic or paper medical records. If medical re-
cords were incomplete, patients were contacted for written
consent, and additional records were obtained from out-
side institutions to supplement the MD Anderson data.

Study definitions

Date of diagnosis was defined as the date of initial histo-
logic confirmation of DTC resulting from primary thyroid
surgery or core thyroid biopsy, excisional or core lymph
node biopsy, or biopsy of DM. For staging, we used the
eighth edition of the tumor node metastases classification
of the American Joint Committee on Cancer (AJCC) (53).
TNM stage was scored based on the maximal known dis-
ease extent during clinical follow-up. For example, if lateral
neck lymph node or DM were identified at any moment
after initial therapy, the node stage would be scored as N1b
or M1, respectively, with the assumption that this disease
was present (but unrecognized) at the time of diagnosis.
By definition, all patients included in this study were stage
group 1II, even though DM may not have been identified
within the first 4 months of diagnosis (as is used for AJCC
staging). This was done because, owing to the nature of
pediatric DTC and its indolent clinical course, exact staging
at diagnosis was not available or inaccurate in some cases
because of the delay in recognition of other sites of disease,
especially decades ago when sensitive diagnostic imaging
and tumor markers were unavailable. For TNM staging,
if surgical and pathological data were incomplete or un-
available, or if the patient received systemic therapy prior
to surgery, clinical data such as physical exam findings and
imaging studies were used to complete staging. If the path-
ology report at MD Anderson was incongruent with the
outside report, we used the MD Anderson interpretation

for histopathologic characterization. Patients with PTC
were categorized according to the American Thyroid
Association (ATA) pediatric risk level classification (low-,
intermediate-, or high-risk level) (11). ATA risk level was
determined only by the initial clinical and histopathologic
findings before RAL

The date of DM diagnosis was the date of first confirm-
ation of distant disease. If the date of the identification of
the DM preceded the histological confirmation of DTC, the
date of DTC diagnosis was considered to be the date of DM
diagnosis. DM were defined as the presence of at least one
of the following: i) RAI uptake consistent with iodine-avid
thyroid cancer metastases on the diagnostic and/or thera-
peutic whole-body scan outside the thyroid bed or cervical/
mediastinal lymph nodes; ii) pathologically proven thyroid
cancer tissue in the lung, bone, brain, or any other organ;
iii) enlarging, discrete pulmonary nodules of any number
consistent with metastatic disease, coupled with a detect-
able Tg or persistently detectable or rising TgAb; iv) mul-
tiple (> 10) noncalcified solid pulmonary nodules, in the
setting of a detectable Tg or persistently detectable or rising
TgAb, that were stable on imaging, located predominantly
in a lower lung distribution, and determined by the collab-
orating radiologist (S.Y.) to be consistent with pulmonary
metastases. When pulmonary nodules were predominantly
pleural based, they were not considered to be metastases. If
imaging or RAI scans were ambiguous regarding the diag-
nosis of DM, a radiologist (S.Y.) reviewed the chest com-
puted tomography images to classify the patient as having
DM or not.

Testing for the molecular oncogenic driver, when
obtained, was performed as part of routine patient care in
Clinical Laboratory Improvement Amendments—certified
laboratories. This analysis was performed across a variety
of testing platforms and included immunohistochemistry
(IHC; primarily for the BRAF V60OE mutation but in one
case was also conducted to look for an NTRK fusion gene)
as well as DNA and/or RNA sequencing. If a tumor tested
positive for a known oncogenic mutation or fusion gene,
this was considered to be a true positive result. A negative
result was considered as a true negative result only when the
tumor was “comprehensively” tested for all relevant onco-
genic drivers, defined for this study as testing for BRAF
and (N/K/H)RAS mutations and fusion genes involving the
RET, NTRK1, NTRK3, and anaplastic lymphoma kinase
(ALK) genes. When patients’ tumors tested negative and
were not “comprehensively” tested, we considered them as
not evaluated.

We scored disease status at last clinical evaluation as
shown in Table 1. These categories were adapted from
previously published dynamic staging definitions (54,
55). Evaluable patients were considered to have both
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tumor markers and at least one type of imaging avail-
able for review; if data were missing, the disease status of
these individuals was considered undeterminable. We did
not incorporate an “indeterminate” category because we
felt it highly unlikely that any durable detectable Tg or
nondeclining TgAb after long-term follow-up in a patient
with known structural DM would represent anything other
than persistent disease.

Deaths were classified as death from DTC, death from
a cause other than DTC, or death from an unknown
cause. Disease-specific survival and overall survival were
defined as the length of time in years from the date of
diagnosis to the date of death or the date of last con-
tact date with the patient (last written or verbal contact
with patient/parent[s] or a completed clinic visit). For
disease-specific survival, patients with an unknown cause
of death were excluded from the analysis. The length
of follow-up for disease status was defined as the time
between the date of diagnosis and the date of the last
known clinical evaluation. Follow-up to last known dis-
ease status and follow-up to last known vital status could
therefore differ.

Statistical analyses

Study data were collected and managed using REDCap
electronic data capture tools (56, 57) hosted at MD
Anderson. Descriptive statistics were used to describe diag-
nostic, pathological, treatment, and outcome variables.
Continuous variables are summarized with the median
and interquartile range (IQR), unless otherwise specified.
Mann-Whitney U tests were performed for continuous
variables. We considered differences to be statistically sig-
nificant at P less than .05 (2-sided). R software (version
3.6.1) and Microsoft Office Professional Plus Excel 2016
(Microsoft Corp) were used for statistical analyses.

Results
Study participants

From 1946 to 2019, a total of 602 patients with a new diag-
nosis or history of pediatric DTC (PTC = 568; FTC = 34)
were registered and seen at least once at MD Anderson. Of
these, 148 individuals (24.6%) had been diagnosed with
DM at some point during their follow-up. Demographic
and clinical characteristics are shown in Table 2. The ma-
jority of patients were female (n =104, 70.3%). Median
age at DTC diagnosis was 13.4 years (IQR, 9.9-15.9 years);
the youngest patient was 2.8 years at diagnosis. Median
age at DTC diagnosis did not significantly differ between
females and males (13.6 years with IQR 10.2-16.4 years vs
12.5 years with IQR 9.3-15.9 years, respectively, P = .197).
Regarding age of diagnosis, 39 patients (26.4%) were diag-
nosed before age 10 years, 55 patients (37.2%) were diag-
nosed from age 10 to 15 years, and 54 participants (36.5%)
were diagnosed at age 15 years or older. White (60.1%),
Hispanic/Latino (27.4%), Black (4.1%), and Asian (4.1%)
were the most prevalent races/ethnicities. Information
about clinical presentation was present for 139 of 148 pa-
tients. Most of these 139 patients (87.1%) presented with
only a palpable nodule or neck mass that led to the diag-
nosis of DTC.

Only 13 of 142 (9.2%) patients with available infor-
mation (all PTC) had a history of EBRT with exposure
to the neck prior to their cancer diagnosis (Supplemental
Table 1 [58]). For 7 cases, EBRT was part of their cancer
therapy (acute myeloid leukemia [n = 2], alveolar rhabdo-
myosarcoma, B-cell acute lymphocytic leukemia, Hodgkin
lymphoma [n = 2], neuroblastoma, and retinoblastoma).
An eighth patient diagnosed with Hodgkin lymphoma
before PTC diagnosis was not treated with EBRT. In
6 cases, patients received EBRT for benign conditions.
A preexisting thyroid diagnosis was reported in 16 of 138

Table 1. Categories of disease status at last known clinical evaluation of patients with childhood differentiated thyroid

carcinoma and distant metastases

Category Imaging Thyroglobulin Thyroglobulin antibodies
No evidence of disease Negative Below LLN®? Below ULN
Persistent disease
Biochemical disease Negative Above LLN*? Any level
Negative Below LLN Positive (stable or rising)
Structural disease Positive Above LLN* Any level
Positive Any level Positive (stable or rising)
Unable to determine Known Unknown Unknown
Unknown Known Known

LLN and ULN were determined by the laboratory-provided normal reference ranges for the particular assay used.

Abbreviations: LLN, lower limit of normal; ULN, upper limit of normal.
“Using the athyrotic range for athyrotic patients, if available.
“Includes both suppressed and stimulated thyroglobulin.
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(11.6%) evaluable patients (hypothyroidism/Hashimoto
disease [n = 8], hyperthyroidism/Graves disease [n =4],
and goiter not otherwise specified [n = 4]). Eleven of 133
(8.3%) evaluable patients were reported to have family
members with thyroid cancer; none of these reported
DTC in a first-degree relative and 7 patients had a second-
degree family member with thyroid cancer. One patient was
known to have familial Brugada syndrome at diagnosis but
none of the other patients had a known familial syndrome
at diagnosis.

Treatment

Diagnostic surgery.

Definitive thyroid surgery was preceded by another diag-
nostic surgical procedure in 39 cases (26.4%, fine-needle
aspirations not included). For 32 of 39 patients, the first
histologic confirmation of DTC was after a lymph node
biopsy; 4 of 39 patients had a lung biopsy; 2 of 39 under-
went a Sistrunk procedure with removal of an ectopic
PTC; and 1 patient with widespread DM had the diag-
nosis confirmed after adrenalectomy. The median number
of days between diagnostic surgery and initial thyroid sur-
gery was 19 days (IQR, 10-32 days; range, 3-449 days)
(Table 3).

Initial surgical treatment.

The majority of patients (n = 114/148, 77.0%) had their
initial thyroid surgery outside MD Anderson, and 144 of
147 (98.0%) had a total thyroidectomy, including a com-
pletion thyroidectomy after lobectomy in 11 patients.
Details regarding the initial thyroid surgery were unknown
in one case. Three patients (2.0%) with PTC did not have
a total thyroidectomy after diagnosis. In one patient, only
a neck dissection was performed since the intended total
thyroidectomy could not be accomplished because of the
invasiveness of the primary disease. In another patient, the
intent of surgery was a total thyroidectomy, but the path-
ology report revealed no normal thyroid tissue and a re-
sidual thyroid lobe was appreciated during RAI therapys it
was assumed that the tumor had completely replaced the
bulk of the thyroid gland. In a third patient who was ini-
tially treated in 1946, only a nodulectomy was performed.
Some extent of lymph node resection was performed in 119
of 137 (86.9%) of the study participants at the initial thy-
roid surgery (Table 3).

Radioactive iodine.

In the 146 of 148 (98.6%) patients treated with RAI, the
first therapeutic RAI was administered after a median
of 2.6 months from surgery (IQR, 1.6-4.5 months). The

Table 2. Characteristics of patients with childhood differentiated thyroid carcinoma and distant metastases

Characteristic All patients PTC FTC
n =148 n =144 n=4
Sex, No. (%)
Female 104 (70.3) 100 (69.4) 4 (100)
Male 44 (29.7) 44 (30.6) 0
Race/Ethnicity, No. (%)
White 89 (60.1) 85 (59.0) 4 (100)
Hispanic or Latino 41 (27.7) 41 (28.5) 0
Black 6 (4.1) 6(4.2) 0
Asian 6 (4.1) 6 (4.2) 0
Half Black, half White 2(1.4) 2(1.4) 0
Other 4(2.7) 4 (2.8)° 0
Age at DTC diagnosis, y 13.4 (9.9-15.9) 13.4 (9.8-15.9) 14.3 (12.2-16.8)
Range 2.8-18.9 2.8-18.9 12.2-18.5
Clinical presentation at diagnosis, No. (%)
Palpable thyroid nodule or neck mass 121 (87.1) 118 (87.4) 3(75.0)
Incidental finding by imaging 6 (4.3) 6 (4.4) 0
Compressive symptoms 3(2.2) 3(2.2) 0
Nodule/neck mass with compressive symptoms 8 (5.8) 8(5.9) 0
Other 1(0.7) 0 1(25.0)
Unknown 9 9 0

Age at diagnosis is shown as median (interquartile range).

Abbreviations: DTC, differentiated thyroid carcinoma; FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma.
“Pacific Islander (n = 1), half Asian/half White (n = 1), half Hispanic/half Black (n = 1), and half Hispanic/half White (n = 1).

’In one patient, the DTC diagnosis was made after evaluation of overt hyperthyroidism and diagnosis of a functioning thyroid nodule.
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median number of therapeutic RAI administrations was 2
(IQR, 1-3; range, 1-9). In evaluable patients, the median
administered activity per therapeutic session was 143.8
mCi (IQR, 98.0-157.3 mCi; range, 26.4-532.0 mCi). The
median cumulative administered RAI activity of 139 pa-
tients with all dosing data known was 238.0 mCi (IQR,
147.5-351.0 mCi; range 29.1-1538.7 mCi).

Two patients with PTC (1.4%) did not receive RAL
One recently diagnosed patient, whose tumor harbored an
NTRKI1 fusion gene, had variable RAI uptake in the pul-
monary metastases on a diagnostic scan; systemic therapy
was started, and RAI had not yet been administered. The
second patient with a RET fusion gene—positive tumor did

not receive RAI because thyroidectomy could not be ac-
complished; her disease was treated systemically.

Additional treatment.

Additional surgeries besides the initial diagnostic and
therapeutic surgeries took place in 84 (56.8%) patients.
EBRT was given to 14 (9.5%) PTC patients (unknown in
1 patient). This approach was used as adjuvant therapy
in 5 patients who were treated between 1946 and 1960.
Nine PTC patients had palliative radiation therapy for
metastatic disease between 1976 and 2013. Cytotoxic or
targeted therapy was given to 23 of 143 (16.2%) PTC pa-
tients with DM (unknown in 1 PTC patient). None of the

Table 3. Treatment of patients with childhood differentiated thyroid carcinoma and distant metastases

Treatment All patients PTC FTC
n =148 n=144 n=4
Initial thyroid surgery, No. (%)
Total/subtotal thyroidectomy 133 (90.5) 131 (91.0) 2 (50.0)
Thyroid lobectomy 11 (7.5) 9 (6.3) 2 (50.0
Followed by completion thyroidectomy 11 9 2
Other 3 (2.0)° 3(2.1)° 0
Unknown 1 1 0
Initial lymph node resection, No. (%)
Yes 119 (86.9) 118 (88.1) 1(33.3)
Only central compartment 13 13 -
Only lateral neck (unilateral/bilateral) 29 28 1
Both central and lateral neck 64 64 -
Unspecified lymph node resection 13° 13° -
No 18 (13.1) 16 (11.9) 2 (66.7)
Unknown 11 10 1
RAL No. (%)
Yes 146 (98.6) 142 (98.6) 4(100)
No 2 (1.4) 2(1.4) 0
Time from DTC diagnosis to first RAL, mo 2.7 (1.6-4.5)° 2.7 (1.6-4.4) 3.2 (1.4-18.1)
Range 0.4-474.0 0.4-474.0 1.0-57.9
No. of RAI administrations per patient 2 (1-3)° 2 (1-3)¢ 1(1-1.3)
Range 1-9 1-9 1-2
Activity of RAI per administration per patient, mCi 143.8 (97.4-158.0)° 143.6 (97.0-157.0) 150.0 (114.8-175.9)
Range 26.4-532.0 26.4-532.0 104.5-190.0
Total cumulative activity per patient, mCi 238.0 (147.5-351.0)% 241.4 (147.9—352.1)” 143.4 (119.9-206.3)
Range 29.1-1538.7 29.1-1538.7 104.5-340.0

Numbers are shown as median (interquartile range).

Abbreviations: DTC, differentiated thyroid carcinoma; FTC, follicular thyroid carcinoma; mCi, megacurie; PTC, papillary thyroid carcinoma; RAI, radioactive

iodine.

“In one patient, the intended total thyroidectomy could not be accomplished because of the invasiveness of the disease. In another patient, the intent of the sur-

gery was a total thyroidectomy, but the pathology report revealed no normal thyroid tissue. In a third patient initially treated in 1946, only a nodulectomy was

performed.

"In one case, only a Delphian node was removed. For the other 12 cases, an unspecified selective lymph node excision was performed.

‘n = 146 because RAI was not administered in 2 cases (see text).
én = 142, because RAI was not administered in 2 cases (see text).

“Eleven of 307 doses were excluded from analysis because of missing data regarding the administered activity.

/Eleven of 302 doses were excluded from analysis because of missing data regarding the administered activity.

#n = 139, because 7 patients had at least 1 missing administered activity of RAI and RAI was not administered in 2 cases.

bn = 135, because 7 patients had at least 1 missing administered activity of RAI and RAI was not administered in 2 cases.
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FTC patients were treated with systemic therapies (outside
of RAI) or EBRT.

Pathology

Pathology characteristics are shown in Table 4 and
Supplementary Table 2 (58). PTC was diagnosed in 144
(97.3%) patients and FTC in 4 patients (2.7%). The most
common subtypes of PTC were the conventional (n =37,
25.7%) and follicular variants (n =27, 18.8%). All 4 pa-
tients with FTC (100%) had tumors that were encapsu-
lated and angioinvasive, including 1 patient with an insular
variant. The median tumor size for 115 evaluable PTC
patients was 3.5 cm (IQR, 2.3-5.5 ¢cm) and 3.0 cm (IQR,
2.5-3.5) for the 4 FTC patients. In terms of TNM staging,
PTC tumors were mostly staged as T3 (n = 56, 38.9%) and
126 (87.5%) PTC patients had stage N1b disease. All 4
(100%) FTC tumors were staged as T2 and 1 (25.0%) had
N1b disease. In 3 (2.1%) PTC patients and 3 (75.0%) FTC
patients, no metastases in lymph nodes were diagnosed.
Most PTC patients (76.3%) had multifocal disease and all
FTC cases were unifocal. ATA Pediatric Risk level was de-
terminable in 126 of 144 (87.5%) PTC patients: A total
of 109/126 (86.5%) were high risk, 13 of 126 (10.3%)

were intermediate risk, and 4 of 126 (3.2%) patients were
low risk.

Distant metastases

The median time from initial DTC diagnosis to DM diag-
nosis was 2.6 months (IQR, 0.6-18.5 months) for all pa-
tients; PTC patients had a median time to DM diagnosis
of 2.6 months (IQR, 0.5-15.6 months) whereas FTC pa-
tients were diagnosed with DM after a median time of
81.5 months (IQR, 38.7-140.3 months). The median age
at diagnosis of DM from DTC was 14.0 years (IQR, 11.1-
17.2 years; range, 3.1-69.4 years); PTC patients had a me-
dian age at diagnosis of DM from DTC of 14.0 years (IQR,
11.0-17.1 years; range, 3.1-69.4 years) whereas FTC pa-
tients were diagnosed with DM at a median age of 22.1 years
(IQR, 15.4-29.6 years; range, 12.6-34.8 years). The diag-
nosis of DM was made in 127 of 148 patients (85.8%) be-
fore age 19 years. Twenty-six of 148 patients (17.6 %) were
diagnosed with DM at younger than 10 years, 56 patients
(37.8%) between 10 and 15 years, and 66 patients (44.6%)
were diagnosed with DM at age 15 years or older. For 22
(15%) DTC patients, DM were identified before the histo-
logical confirmation of DTC. In these patients, DM were

Table 4. Pathology characteristics of patients with childhood differentiated thyroid carcinoma and distant metastases

Characteristic All patients PTC FTC
n=148 n=144 n=4
Primary tumor size, cm 3.5 (2.3-5.5)° 3.5 (2.3—5.5)[7 3.0 (2.5-3.9)
Tumor stage, No. (%)
T1,Tla, or T1b 21 (14.2) 21 (14.6) 0
T2 40 (27.0) 36 (25.0) 4(100)
T3,T3a, or T3b 56 (37.8) 56 (38.9) 0
T4a or T4b 16 (10.8) 16 (11.1) 0
Tx 15 (10.1) 15 (10.4) 0
Node stage, No. (%)
NO 6 (4.1) 3(2.1) 3(75.0)
N1 5(3.4) 5(3.5) 0
Nila 7 (4.7) 7 (4.9) 0
Ni1b 127 (85.8) 126 (87.5) 1(25.0)
Nx 3(2.0) 3(2.1) 0
Focality, No. (%)
Unifocal 22 (23.7) 18 (20.2) 4 (100)
Multifocal, unilateral 17 (18.3) 17 (19.1) 0
Multifocal, bilateral 54 (58.1) 54 (60.7) 0
Unable to determine/unknown 55 55 0

Primary tumor size is show as median (interquartile range). Tumor and node stages represent maximal scores during follow-up. Patients were scored according to

the eighth edition of the American Joint Committee on Cancer staging system. Pathological staging was leading. If surgical and pathological data were incomplete,

clinical data were used to complete staging. Diffusely infiltrating tumors were scored as multifocal and bilateral.

Abbreviations: DTC, differentiated thyroid carcinoma; FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma.

“Total of 119 cases.
Total of 115 cases.

‘Includes 2 patients with ectopic PTC.
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identified at a median of 0.4 months (IQR, 0.2-1.2 months)
before initial thyroid surgery.

All 144 PTC patients were diagnosed with DM to the
lung, including 129 of the 144 patients (89.6%) with lung
metastases exclusively. Other sites of DM in PTC patients
included bone (n = 135 9.0%), brain (n = 8; 5.6%), liver
(n = 3;2.1%), and adrenal and renal metastases in a single
patient (0.7%) (Supplementary Table 3 [58]). Two of the
4 FTC patients solely had lung metastases and the other
two had bone metastases alone.

The majority (76.4%) of patients were diagnosed with
DM within 2 years after their cancer diagnosis. After
4 months, 1, 5, 10, and 20 years from DTC diagnosis, the
proportion of patients diagnosed with DM was 60.1%,
68.2%, 90.5%, 95.3% and 96.6%, respectively. Details re-
garding the patients diagnosed with DM beyond 10 years
after diagnosis (n = 10, 6.8%) are shown in Supplementary
Table 4 (58). Almost all patients with a delayed diagnosis
of DM were diagnosed in an earlier era when less sensitive
diagnostic testing was available, and the delay did not ap-
parently lead to worse outcomes as 5 of these 7 patients
were alive at last contact, with their follow-up ranging
from 19.2 to 66.1 years.

Mutational analysis

The tumors from most patients (95/148; 64.2%; PTC = 94;
FTC = 1) underwent any testing to identify the oncogenic
driver, and of these, 64 specimens (all PTC) were found
to have a mutation or fusion gene (Table 5). Fusion genes
were identified in 87.5% (56/64), whereas 8/64 (12.5%)
tumors had the BRAF V600E mutation. Fusions involved
RET in 38 of 64 (59.4%) cases (the most common partner
being NCOA4) followed by NTRK1 (11/64; 17.2%) and
NTRK3 (7/64; 10.9%). One tumor with a BRAF V600E
mutation also had a second point mutation (p.E17K)
in the v-akt murine thymoma viral oncogene homolog 1
(AKT1) gene. A RET fusion gene was identified in 3 of
13 tumors (not tested [n = 8], not comprehensively tested
[n = 2]) from patients who had received EBRT before their
DTC diagnosis. Of the 64 patients with a true positive re-
sult, the tissue tested included the primary tumor (n = 17),
lymph node metastasis (n = 29), either primary tumor or
lymph node (n = 12; exact site unknown), or distant me-
tastasis (n = 6). The methodology that identified the onco-
genic drivers was RNA sequencing in 46 cases, solely DNA
sequencing in 16 cases, and BRAF V600E IHC in 2 cases
(Supplementary Table 5 [58]).

Of the 31 tumors (PTC=30) that tested negatively
for oncogenic drivers, only 5 PTC cases were comprehen-
sively tested (ie, tested for BRAF/RAS mutations and RET,
NTRK1/3, and ALK fusion genes). All 31 of these tumors

were tested for the BRAF V600OE mutation and were found
to be BRAF wild type. Of the 95 tumors with any testing
performed, 62 samples (65.3%; all PTC) were tested for
(N/K/H)RAS mutations and all were found to be negative
(53 samples with another oncogenic driver identified, 5 tu-
mors that were comprehensively tested with no molecular
alterations identified, and 4 specimens not comprehensively
tested in which RAS was wild type and no other oncogenic
driver was identified).

Supplementary Table 5 (58) shows the disease charac-
teristics of the various oncogenic drivers. The youngest pa-
tient to have a tumor with an identified oncogenic driver
(NTRKS3 fusion gene) was diagnosed with PTC and widely
metastatic DM at age 4 years. The smallest median tumor
size (2.9 cm) was found in patients with a BRAF mutation
(RET fusion 4.1 cm; NTRK1 fusion 5.2 cm; and NTRK3
fusion 4.5 cm). The median time to diagnosis of DM was
also longest in patients with a somatic BRAF mutation
(11.4 months vs 3.1 months, 1.6 months, and 1.2 months
in patients whose tumors harbored a RET, NTRK1, or
NTRKS3 fusion gene, respectively). Given the small num-
bers of patients, we did not test whether these characteris-
tics differed statistically.

Outcome

For all 148 patients, the median time from diagnosis to last
known vital status was 11.8 years (IQR, 7.2-18.3 years;
range, 0.8-66.6 years). Sixteen patients (10.8%) died during
follow-up, including 8 (5.4%) patients who died of PTC
directly and 2 patients (1.4%) who died of complications
of therapy: one at age 10 years of respiratory failure caused
by RAI-induced pulmonary fibrosis and the other at age
70 years due to massive hemorrhage as a side effect from an
antiangiogenic tyrosine kinase inhibitor. Three deaths were
not DTC related, and the cause of death was unknown
for 3 patients. None of the FTC patients died. The me-
dian overall survival after DTC diagnosis was 50.7 years,
whereas the median disease-specific survival (excluding
the three subjects 3 patients for whom the cause of death
was unknown) was 52.8 years (Fig. 1). The 5-; 10-, 15-,
20-, 25-, and 30-year overall survival rates were 98.5%,
97.7%, 96.1%, 93.5%, 90.6%, and 86.8%, respectively.
For disease-specific deaths, these rates were 99.2%, 99.2%,
99.2%, 96.3%, 93.0%, and 93.0%, respectively. Overall
and disease-specific survival did not differ by sex or age
group (< 10, 10-15, and > 15 years) at DTC or DM diag-
nosis (Supplementary Figure 1 [58]). For the 132 sur-
vivors, the median follow-up to last known vital status was
11.1 years (IQR, 7.0-16.1 years; range, 0.8-65.3 years).
The patients who died of PTC (Supplementary Table
6 [58]) were diagnosed between 1956 and 2004. Median
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Table 5. Somatic molecular analysis in patients with childhood papillary thyroid carcinoma and distant metastases

Molecular analysis n=144
Not tested, No. (%) 50 (34.7)
Tested with oncogenic driver identified, No. (%) 64 (45.8)
RET fusion gene 38
NCOA4/RET 21
CCDC6/RET 11
TRIM24/RET 2
ERCI1/RET 2
: o
PRKARIA/RET 1 RET fusion gene 59%
EML4/RET 1
NTRKT1 fusion gene 1
TPR/NTRK1 4
TPM3/NTRK1 3
IRF2BP2/NTRK1 2
TFG/NTRK1 1 NTRK1 fusion gene 17%
SOSTM1/NTRK1 1
NTRKS fusion gene / NRTK3 fusion gene 11%
ETV6/NTRK3 N
SOSTM1/NTRK3 2 BRAF mutation 13%
BRAF V600E mutation 8¢
Tested without oncogenic driver identified, No. (%) 30 (20.8)
Not comprehensively tested” 25
Comprehensively tested” N

Abbreviations: BRAF, v-Raf murine sarcoma viral oncogene homolog B; NTRK, neurotrophic tyrosine kinase receptor; RET, rearranged during transfection.

“In one patient, a BRAF V600E and a v-akt murine thymoma viral oncogene homolog 1 (AKT1) mutation were found.

"Twenty of 25 patients were tested only for the BRAF V60OE mutation and were negative.

“Tested for BRAF and RAS mutations and RET, NTRK1/3, and ALK fusions.

follow-up from diagnosis to death from PTC was
30.7 years (IQR, 20.6-37.6 years; range, 4.5-52.8 years)
at a median age of 44.5 years (IQR, 36.1-49.9 years;
range, 20.6-68.2 years). The youngest patient to die was
age 20.6 years and time from diagnosis to death was
only 4.5 years; his was an extraordinary case of RAI-
avid disease in a patient who had been heavily treated
for stage IV neuroblastoma. All PTC patients who died
of their disease had pulmonary and extrapulmonary
DM at the time of death. Patients who died of PTC re-
ceived a median cumulative administered RAI activity
of 473.5 mCi (IQR, 250.0-805.5 mCi) compared with a
median of 226.7 mCi (range, 141.8-331.0 mCi) in pa-
tients who were alive at last contact (reported on the 7
and 125 patients with a known cumulative RAI activity,
respectively) (Supplementary Table 7 [58]). Molecular
testing was conducted in tumors from only 2 of 8 pa-
tients who died of DTC, but testing was not comprehen-
sive as defined by this study and no oncogenic driver
was identified. Palliative EBRT was administered to 6
of 8 patients, and 5 of 8 of these patients were treated
with systemic therapy.

Median follow-up from diagnosis of DTC to last clin-
ical evaluation was 10.5 years (IQR, 6.3-16.2 years; range,

0.8-66.1 years). We were unable to score disease status in
22 of 148 (14.9%) patients because insufficient data were
available. At last clinical evaluation, 117 of 126 (92.9%)
had persistent disease, of whom 110 had structural evi-
dence of disease and 7 had biochemical evidence of disease.
Only 9 of 126 evaluable patients (7.1%) had no evidence
of disease as strictly defined by the study (Supplementary
Table 8 [58]). These 9 patients were diagnosed from 1986
to 2014 at a median age of 15.5 years and, of the 8 patients
with complete records, the median cumulative adminis-
tered activity of RAI was 125.2 mCi (range, 66.5-175.6
mCi; Supplementary Table 7 [58]). Only spread of DTC to
the lungs was identified in these patients. Median follow-up
to last known vital status was 15.5 years for these 9 pa-
tients having no evidence of disease.

Discussion

Childhood DTC resulting in DM is rare, and previous
studies on this topic have been limited by small numbers
of patients, inconsistent testing for molecular alterations,
short follow-up periods in many pediatric series, and/or a
lack of detailed clinical data (especially when derived from
large cancer registries). To our knowledge, this single-center
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Figure 1. Kaplan-Meier survival curves of patients diagnosed with dis-
tant metastases from childhood differentiated thyroid carcinoma. A,
Overall survival (OS; n = 148). Sixteen patients died during follow-up.
The median OS was 50.7 years.The 5-, 10-, 15-, 20-, 25-, and 30-year OS
rates were 98.5%, 97.7%, 96.1%, 93.5%, 90.6%, and 86.8%, respectively.
B, Disease-specific survival (DSS; n = 145). Eight patients died of pap-
illary thyroid carcinoma (PTC); no follicular thyroid carcinoma-related
deaths occurred. The median DSS was 52.8 years. The 5-, 10-, 15-, 20-,
25-, and 30-year DSS rates were 99.2%, 99.2%, 99.2%, 96.3%, 93.0%,
and 93.0%, respectively. Patients with an unknown cause of death
(n = 3) were excluded from the DSS analysis.

study, which focused on the clinical course and the muta-
tional landscape of DTC in 148 patients diagnosed with
DM from childhood DTC at any time point, is the largest
of its kind with extended follow-up as long as 6 decades in
some cases.

The prevalence of DM from childhood DTC diagnosed
at any time during follow-up has been reported to be as
low as 5% (59) and as high as 42% (18), depending on the
population studied and the treating center. In the present
study, DM were identified in 24.6% of the individuals diag-
nosed with DTC of pediatric onset, and more than two-
thirds of these patients had their DM recognized within the
first year after diagnosis. In some cases, the DM will not be
recognized until years into clinical follow-up, especially in
patients diagnosed at a time when less sensitive diagnostic
testing was available. We believe our study overestimates
the true prevalence of DM in pediatric thyroid cancer pa-
tients, which is likely to be lower in the larger cohort of

all children diagnosed with DTC. This overestimation is
most certainly due to a referral bias, in addition to not
knowing the exact denominator of all patients ever seen
at our institution with a history of DTC diagnosis before
age 19 years. Furthermore, we included patients with DM
diagnosed during adulthood, which in turn will artificially
elevate the proportion of patients who are likely to have
more advanced disease (leading to their referral to a ter-
tiary cancer center). Similar to other series, pulmonary me-
tastases were nearly universal, especially in PTC where all
patients in our study had lung metastases, and the identifi-
cation of extrapulmonary sites of disease (most commonly
bone followed by brain; 11.5% in our series and 10.4% of
PTC cases) was less common (6, 17, 23, 24, 28, 31, 59-62).

FTC represents a minority of DTC cases during child-
hood and has been reported even less frequently to be
associated with DM, occurring in only 2 of 20 cases in a
large Japanese series (63). In our study, only 4 FTC pa-
tients (2.7 % of the entire DM group; 11.8% of all the pedi-
atric FTC patients known in our center) were confirmed to
have DM, and the sites of DM were equally split between
the lungs and the skeleton. As would be anticipated, and
similar to the study by Enomoto et al (63) and others (6),
our 4 cases of FTC were unifocal tumors with evidence
for vascular invasion in all cases and a low prevalence of
cervical lymph node disease. Although death due to pedi-
atric FTC has been reported (23, 29, 59), we had no deaths
from FTC in our series. Therefore, if deaths from FTC do
occur, they appear to be extraordinarily rare. Given the
small number of FTC cases, comparisons with PTC could
not be made but it was noted that the latency period from
FTC diagnosis to DM diagnosis was longer in the FTC
patients, which underscores the importance of long-term
follow-up of children with FTC, especially in the presence
of angioinvasive tumors.

The present study was not designed to compare the
clinical characteristics of patients with stage II DTC
(DM+) with those of stage I (DM-) disease, but similar
to prior studies (7, 14, 21, 23, 25, 28, 34, 64), patients
with DM had larger tumors and a very high rate of
lymph node metastases to the lateral neck. The vast ma-
jority (86.5%) of evaluable patients were considered to
be ATA high risk at diagnosis. Patients with DM treated
at our center were more likely to be female, in keeping
with the known female predilection in DTC (4). Most of
the distantly metastatic tumors comprised conventional
PTC followed by the follicular and diffuse sclerosing
variants of PTC.

Outcomes from pediatric DTC are consistently reported
to be excellent, even when DM is present at diagnosis (3,
10, 13, 30, 34, 35). However, most patients are not cured of
their disease and, similar to other recently published studies
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(14-16, 23, 25, 26, 34), we identified a high prevalence of
persistent disease (93%) in this population. In addition to a
referral bias, this high rate of persistent disease may reflect the
strict definitions used for the study and the better diagnostic
studies available in the modern era of DTC care such as more
sensitive Tg assays and computed tomography. There is also
less reliance on diagnostic and posttreatment RAI scans for
the identification of pulmonary metastatic disease, recog-
nizing that RAI nonavid disease does indeed occur in children
(18, 19, 34, 52). The DTC was indolent in the vast majority
of cases with a notable long-term survival that exceeds any
other distantly metastatic pediatric solid tumor.

Death from pediatric DTC was uncommon; the median
overall survival was 50.7 years and the median disease-
specific survival was 52.8 years after diagnosis. Survival
did not differ based on the age at DTC or DM diagnosis
and sex of the patient. When death from disease occurred,
it was attributed to PTC in all cases after a median of
3 decades after initial diagnosis. In our series, 5.5% of
evaluable patients with DM from pediatric-onset DTC
died of disease. This is consistent with some studies (6, 15,
25), higher than many others (14, 17, 19, 24, 26, 28, 29,
61), and lower than some series in which death from child-
hood DTC occurred in 8% to 22% of cases with DM (10,
13, 18,27, 32-34). An interesting observation in our study
was that those who died of their disease all developed
extrapulmonary metastatic disease. Most of the patients
in the present study who died of PTC were diagnosed in
an earlier era when less sensitive clinical tools were avail-
able for disease monitoring, when higher cumulative RAI
activities were given (thus theoretically increasing the risk
of secondary tumor mutations and more aggressive dis-
ease), and before there were advances in the understanding
of the molecular alterations that drive PTC and the avail-
ability of molecularly targeted therapy. Moving forward, it
is likely that the death rate will be lower as knowledge re-
garding pediatric DTC expands and treatment approaches
evolve. Notably, 2 patients died of complications related
to therapy, 1 of hemorrhage due to a tyrosine kinase in-
hibitor prescribed for progressive disease and the other
of pulmonary fibrosis caused by overaggressive therapy
with RAIL In the Chernobyl pediatric cohort, pulmonary
fibrosis was identified in 7.2% of 69 patients and resulted
in the death of 1 (1.5% of the 69 patients) (65). Therefore,
in children with diffuse pulmonary disease that is RAI
avid, additional careful consideration must be given to
RAI dosing and frequency and monitoring for pulmonary
complications of treatment.

Our study is one of the first to report the underlying
oncogenic driver in a large number of patients with DM
from childhood DTC. Not unexpectedly, the most fre-
quently found oncogenic driver was a fusion gene (RET

fusion genes being predominant, representing 59% of PTC
samples with a known driver). NTRK fusion genes were
also common (28% of known drivers; NTRK1 > NTRK3)
but the BRAF V60OE mutation was surprisingly seen in ap-
proximately 13% of these tumors. As understood for PTC
in general (37, 45), oncogenic mutations are usually mu-
tually exclusive. We found the same to hold true in this
study since only 1 tumor in a patient with an aggressive
presentation of metastatic PTC had 2 concurrent somatic
mutations (BRAF V60OE and AKT1). Of 69 PTC samples
considered to be evaluable for molecular alteration status,
the oncogenic driver was identified in 93% of cases. In an-
other recent study with comprehensive molecular testing
(32), all 10 patients with DM were found to have a mo-
lecular alteration, suggesting that the molecular driver can
be identified in almost all cases of pediatric stage II PTC
after comprehensive testing. Importantly, this has treatment
implications because the most commonly identified fusion
genes and point mutations all have commercially available,
molecularly targeted therapies that can be used for systemic
therapy if clinically indicated.

The medical literature is sparse as relates to the mo-
lecular profiles of DM tumors and most prior studies
have been limited by the lack of comprehensive molecular
testing, especially for fusion genes involving NTRK. In
line with previous studies (25, 32), RET fusion genes
were the most commonly found oncogenic drivers in pa-
tients with DM from childhood DTC. A RAS mutation
was not found in any of our cases, and we are aware of
only 2 reported cases of a RAS mutation (1 NRAS and 1
HRAS) in young patients with DM (25, 32). ALK fusion
genes were also not identified in our patient population.
Although fusion genes involving ALK have been de-
scribed in pediatric PTC (45), unequivocal cases of ALK
fusion gene—positive DM childhood PTC have not yet
been published. Therefore, it can be concluded that point
mutations in the RAS gene and ALK fusion genes are rare
in this population. Furthermore, there have been cases of
DM tumors with MET (32) and AGK-BRAF fusion genes
(50, 66). In the 5 PTC patients comprehensively tested for
somatic molecular alterations with negative results, we
did not identify a fusion gene involving BRAF (n = 4) or
MET (n = 3). In 3 of these cases, the tumor was tested in
a laboratory (using DNA and RNA sequencing) in which
we have seen false-negative results, in one the testing was
primarily conducted via analysis of cell-free DNA (liquid
biopsy), and the fifth case had DNA-based testing alone.
Therefore, we cannot rule out a false-negative result in
these cases. In the setting of an uninformative test result
when systemic therapy is warranted and knowledge of the
oncogenic driver paramount, repeat testing in a different
laboratory using RNA-based next-generation sequencing
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should be considered, understanding that this approach
provides optimal screening for fusion genes involving
genes such as NTRK1 and NTRK3 (67).

Our sample size was too small to statistically analyze
genotype-phenotype correlations. However, it appears that
patients with BRAF-mutated tumors had smaller tumor
sizes and were diagnosed with DM later than patients with
other identified oncogenic drivers. It is hypothesized that,
owing to the increased risk of RAl-refractory disease in
BRAF-mutated PTC (68, 69), it takes longer to recognize
DM in these cases because of the poor sensitivity of RAI
scans. There were no obvious differences in the clinical
characteristics between RET and NTRK fusion genes.

This study was not designed to evaluate the prevalence
of RAl-refractory disease since the images of diagnostic
and posttherapy RAI scans were not available in all cases
and for all episodes of therapy. Although the criteria for
RAl-refractory disease have been defined in adults (68),
this has not been studied in children. Some of the adult
criteria, such as lack of RAI uptake in known structural
disease, would certainly be applicable to pediatric DTC but
others such as the 600 mCi threshold is not translatable to
children, understanding that the cumulative mCi activity
that defines RAI refractory disease in an 8-year-old would
be quite different from an 18-year-old. Given the high rate
of persistent disease in our study, despite a median of 2
RAI treatments and a median cumulative activity of 248.9
mCi, it would appear that RAlI-refractory disease is more
common than previously recognized. However, unlike
older patients with DTC, RAl-refractory disease in chil-
dren, even if fluorodeoxyglucose avid, can remain indolent
for decades (70) and can be associated with declining Tg
levels despite no further RAI therapy (71). Understanding
that the long-term prognosis in patients with DM from
DTC diagnosed during childhood is excellent and recog-
nizing the high rates of persistent disease despite aggressive
RAI therapy, one could strongly argue that repeated RAI
therapy is unlikely to benefit these patients and may re-
sult in more harm than good over the course of their lives.
Ultimately, further studies of the genotype-phenotype cor-
relations in pediatric DTC and a better understanding of
what distinguishes those cured of their disease from those
with persistent disease will help to inform decisions re-
garding RAI during childhood.

Strengths and limitations

The main strengths of the present study are the size of the
cohort, the length of follow-up, and the large group of pa-
tients whose tumors were tested molecularly. We were able
to describe the clinical outcomes of 148 patients with DM

from childhood DTC through decades of follow-up in many
cases. We also identified the oncogenic drivers in the largest
number of childhood DTC patients with DM. Limitations
of the study are as would be expected for a retrospective
study, wherein data were not prospectively collected or docu-
mented in a systematic fashion. We also had several patients
in whom we could not determine disease status because of
incomplete staging and, in exceptional cases, structural dis-
ease may have been overcalled (for example, an abnormal
cervical ultrasound without confirmatory biopsy; persistent
but stable lung nodules that may or may not be active sites of
cancer); in these cases the Tg or TgAb was still abnormal and
therefore, at a minimum, would still be categorized as per-
sistent disease. Furthermore, our patient population is likely
to be sicker with more advanced disease compared with other
academic centers because of our practice in a comprehensive
cancer center with known expertise in thyroid cancer man-
agement. Thus, our reported outcomes may be worse.

In conclusion, at a tertiary cancer center, DM occurs in
up to 25% of pediatric DTC cases. These cases are more en-
riched for PTC compared with the expected distribution in
DTC as a whole, and the lungs are universally affected in
PTC. Although most cases are diagnosed within 1 year after
DTC diagnosis, the recognition of DM can be delayed by
years, especially in FTC, which highlights the importance of
long-term follow-up in children with DTC. Fortunately, des-
pite a high prevalence of persistent biochemical and struc-
tural disease, the prognosis remains excellent, with death
from DTC occurring in few patients and typically decades
after diagnosis. Given the excellent long-term survival out-
comes and high proportion of persistent disease as seen in
our study and others, it behooves us to reconsider the aggres-
siveness of treatment at a young age when the patient may
be more at risk for the life-long sequelae of surgical therapy
and RAI. Gene rearrangements causing RET and NTRK1/3
fusion genes occurred in 88% of PTC cases with a known
oncogenic driver, and all identified alterations currently have
targeted systemic therapies available. Future studies should
focus on expanding the genotype-phenotype correlations in
stage II pediatric DTC, determining the best way to integrate
molecularly targeted therapy into treatment paradigms, and
relying less on repeated courses of RAI to achieve cure in pa-
tients with DM from childhood DTC.
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