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Abstract

To review our Pediatric Endocrinology Division’s experience
with differentiated thyroid carcinoma (DTC) we analyzed ret-
rospectively the records of patients with DTC that had been
seen between June 1988 and June 2008.

Results: Forty-five patients (median age 13.7 years, 36
female) were diagnosed (papillary: 40, follicular: 5) with DTC
presenting as a solitary nodule (n: 25), thyroid nodule with
cervical adenopathy (n: 9) and multinodular goiter (n: 11). All
underwent total thyroidectomy with resection of suspicious
cervical lymph nodes (CLN). DTC was multicentric in 59%
and revealed extrathyroidal extension in 44%. Initially, 44%
had CLN metastases and 24% distant metastases. All patients
underwent thyroid remnant ablation with *'I and suppressive
treatment. Median follow-up was 5.1 years with a disease-
free survival rate at 5 years of follow-up of 75%. Eleven
percent presented recurrences.

Conclusion: Pediatric DTC has an aggressive behavior at
presentation. Higher preoperative TSH levels were signifi-
cantly associated with a more advanced disease at diagnosis.
CLT was present concomitantly in a quarter of the patients
and further studies are needed to establish differences in these
patients’ outcome. Diagnostic approach, total thyroidectomy,
BIT treatment and thyrotropin suppression allowed a good
progression-free survival rate.
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Introduction

Differentiated thyroid carcinoma (DTC) is an uncommon
pediatric malignancy, accounting for 1% of pediatric cancers
in prepubertal children. The incidence of DTC rises to 7% in
adolescents aged 15-19 years old. Nevertheless DTC is the
most frequent endocrine cancer in childhood, with an increa-
sing overall incidence in recent decades (1-7).

Papillary DTC is the most common subtype, being mostly
sporadic with only 5% of cases inherited or familiarly asso-
ciated to known germline mutations as Familial Colonic
Polyposis, Cowden Disease and Werner Syndrome (8).

Previous neck and head radiation exposure, previous neopla-
sia and autoimmune thyroid disease are known risk factors.

Childhood onset DTC has a more aggressive presentation
at initial evaluation, but no overall increase in mortality, com-
pared to adults (3).

Up to now, the best treatment option for DTC has been
total thyroidectomy followed by postoperative administration
of radioactive iodine, based on the capacity of follicular thy-
roid cells to trap iodide (1-5).

Evidence-based guidelines for the management of thyroid
cancer published by the American Thyroid Association refer
primarily to adult populations and include limited references
to children (9). The purpose of this report is to present the
clinical diagnostic features, treatment and outcome of a large
cohort of pediatric patients with DTC followed up at a pediat-
ric endocrine tertiary care center during the last 20 years.

Materials and methods

We analyzed retrospectively the clinical charts and pathological
reports of patients with a diagnosis of DTC treated at the Division of
Endocrinology of our Institution between June 1988 and June 2008.
Cases of medullary DTC were excluded.

Demographic and clinical data registered at diagnosis include gender,
age, pubertal stage, predisposing risk factors, clinical findings, thyroid
function — performed by measurement of serum thyrotropin stimulat-
ing hormone (TSH) (normal values: 0.5-5 mUI/L), total thyroxine
(T4) (nv: 77-206 nmol/L), free thyroxine (fT4) (nv: 10-26 pmol/L) by
EQLIA (Roche), thyroglobulin (TG) by IFMA Delfia (Perkin-Elmer)
and antithyroidal antibodies against thyroperoxidase (TPOAb) and
antithyroidal antibodies against thyroglobulin (TGAb) by Immulite
DPC (Los Angeles, CA, USA). Diagnostic procedures as ultrasound
(US), thyroid *™Tc scan and fine needle aspiration biopsy (FNAB)
were also registered.

FNAB interpretation was performed by a cytopathologist with
experience in thyroid cytology. Cytological results were categorized
in four types: 1) malignant (positive for papillary thyroid carci-
noma), 2) indeterminate (follicular or Hiirthle cell neoplasia suspi-
cious for malignancy), 3) benign (chronic lymphocytic thyroiditis,
subacute thyroiditis, colloid cyst, normal follicular thyroid cells) and
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4) non-diagnostic or inadequate for diagnosis (insufficient or hemor-
rhagic sample) (10).

All patients underwent total thyroidectomy with cervical lymph-
adenectomy when enlarged lymph nodes were present, and postop-
erative ' therapy was administered for thyroid remnant ablation,
followed by thyrotropin-suppressive doses of L-thyroxine (LT4).

Postoperative complications as hematoma, vocal cord paralysis
secondary to the lesion of the recurrent laryngeal nerve and hypocal-
cemia due to hypoparathyroidism were registered.

Anatomopathologycal data on removed tumor included histologic
type, size, presence of microscopic neoplastic foci in the thyroid
parenchyma outside the main nodule (multicentricity), vascular and/
or capsular infiltration, invasion of perithyroidal tissues, cervical
lymph node (CLN) metastases, and chronic lymphocytic thyroiditis
(CLT) coexistence.

Four to 6 weeks after surgery all the patients received an ablative
BT dose fixed according to the extent of the disease (100 mCi for
tumors limited to the thyroid gland, 150 mCi for tumors invading
the thyroid capsule, surrounding tissues and/or with CLN metastases,
and 200 mCi for distant metastases) and adjusted to body surface
area (3).

Follow-up consisted in periodic detailed clinical examinations,
measurement of TSH to check adequate suppression and serum TG
every 3—6 months. LT4 treatment was withdrawn every 6 months for
the first 2 years and then annually to perform diagnostic whole body
scan (WBS) with *'T (2-5mCi) and serum TG levels.

In assessing the outcome, the state of no evidence of disease
(NED) was defined as neither clinical nor imaging evidence of dis-
ease (no uptake on WBS and, when available, US) nor undetect-
able serum TG (baseline and stimulated) in the absence of TGAb.
Recurrence was considered when an elevated stimulated TG or a
positive B!T uptake was found in a patient known to be NED for at
least 6 months.

The extent of disease at initial treatment was determined by US,
chest radiography and/or chest tomography without contrast, patho-
logical report and WBS after '*'T ablative dose.

Number of doses of *'I needed to achieve NED state, '*'I compli-
cations, recurrences and follow-up were recorded.

Diagnosis of coexisting CLT was based on anatomopathological
findings. The patients with coexisting CLT were analyzed separately
and compared to the group of patients without CLT.

The retrospective study was approved by the Ethical Committee
of Ricardo Gutierrez Children’s Hospital, Buenos Aires.

Statistical methods

Demographic variables were analyzed with simple descriptive
statistics.

The disease-free survival rate at 3 and 5 years of follow-up was
evaluated with the Kaplan-Meier survival curve.

Differences between patient groups with and without CLT were
tested with y-test. Median preoperative TSH level in patients with
and without CLN metastases were compared with Mann-Whitney
non-parametric Test. Differences were considered statistically sig-
nificant with a probability of occurrence <0.05 (Infostat).

Results
Forty-five patients with DTC were diagnosed throughout the

study period. Demographics and clinical characteristics at
diagnosis are shown in Table 1 and Figure 1.

Of the 45 patients younger than 20 years with DTC, 80%
were girls and 84.4% were pubertal. Figure 1 shows gender
and age distribution of DTC patients at presentation. DTC
was more prevalent between 10 and 18 years, but present in
both genders since the age of 8 years. Only one girl presented
with DTC at 6.2 years of age. A female predominance was
found at all ages: 5:1 for 5-9 years, 3:1 for 10-14 years and
5.3:1 for patients >15 years.

Risk factors found were autoimmune thyroid disease in
12, previous neck radiation therapy in one patient due to a
non-Hodgkin’s lymphoma of the cavum (neck radiation dose
30 Gy) and previous non-thyroid neoplasia in four (two acute
lymphoblastic leukemia, one non-Hodgkin’s lymphoma and
one rhabdomyosarcoma). One patient with papillary DTC
had a family history of papillary DTC affecting her mother.
No patient had a family history of genetic syndromes predis-
posing for DTC.

DTC presented as a solitary thyroid nodule in 55.5% of the
patients, 20% had a thyroid nodule with enlarged CLN and
24.5% MNG.

Thyroid function evaluated at diagnosis in 35 patients
showed normal thyroid function in 88.6% of the patients,
hypothyroidism and subclinical hyperthyroidism (suppressed
TSH with normal peripheral thyroid hormones) in 5.7%.
Median TSH levels were 2.21 mUI/L (range 0.01-10.7).
The median preoperative TSH level was 1.70 mUI/L (range
0.01-6.52) in patients without CLN vs. 2.78 mUI/L (range
0.45-10.70) in patients with CLN metastases (p<0.05).

Most of the patients were preoperatively evaluated by
#mTc thyroid scan and 39 underwent conventional cervical
US performed by different operators at different centers. All
nodules were cold on thyroid scan. Nodule characteristics
on US were described as solid in 32 patients (82%), soli-
tary in 27 (69.2%), heterogeneous in 11 (28.2%), multiple in
10 (25.6%), hypoechogenic in nine (23%), solid-cystic (pre-
dominantly solid) in five (12.8%), with irregular margins in
five (12.8%), with pathological CLN in five (12.8%), with

Table 1 Demographic and clinical characteristics of 45 patients
with DTC at diagnosis.

n %o
Gender 9/ 36/9
Age (years, median-range) 13.7 (6.2-19.6)
Pubertal 38/45 84.4
Previous history
Autoimmune thyroid disease 12 26.6
Neck radiotherapy 1
Other neoplasia 4
Presentation
Solitary nodule 25 55.5
Nodule+cervical lymph nodes 9 20
Multinodular goiter 11 24.5
TSH (mU/L, median) (n:35) 2.21
Normal thyroid function 31
Hypothyroidism 2
Subclinical hyperthyroidism 2
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Figure 1 Gender and age distribution of DTC patients at presentation.

intranodular microcalcifications in three (7.7%) and as diffuse
goiter in two (5.1%).

Thirty-nine patients underwent preoperative FNAB and
in 37 enough material was obtained for diagnosis. Cytologic
results were positive for malignancy in 15, indeterminate in
14 (11 follicular neoplasia and three suspicious) and negative
or benign in eight (false negatives).

All patients underwent total thyroidectomy with resection
of suspicious CLN.

Complications due to surgical treatment occurred in 17
patients: two transient unilateral vocal cord paralysis, seven
transient hypoparathyroidism and seven definitive hypopara-
thyroidism requiring long-term replacement with calcium and
calcitriol. In the last 5 years only one patient of 14 presented
definitive hypoparathyroidism.

Pathological features of the histologic specimens of thy-
roidectomy are shown in Table 2. Anatomopathological
study after surgery revealed 89% papillary thyroid carci-
noma. Tumor size was >2 cm in 64.4% of patients. One
patient with CLT who was followed up in our Institution
presented with a thyroid nodule smaller than 1 cm. DTC
extended within the thyroid gland in 60% and to extrathy-
roidal surrounding adipose or muscle tissue in 44% of
patients.

Table 2 Pathological features of DTC in 45 patients.

Histologic type Whole group  Papillary  Follicular
n 45 40 (89%) 5
Tumoral size (cm)
<1 1 1 -
1-1.9 13 13 -
2-39 17 15 2
>4 12 9 3
Not registered 2 2 -
Multicentricity 27 (60%) 26 1
Extrathyroidal invasion 20 (44.4%) 15 5
CLN metastases 20 (44.4%) 19 1
Distant metastases 11
Mediastinum 5 (11.1%) 4 1
Lungs 6 (13.3%) 6 -

CLT 12 (26.6%) 12 -

12to 14
Years

14t016 16t018 181020

Metastases in CLN were found at diagnosis in 44.4% of
patients, in distant lymph nodes (mediastinal) in 11.1%, and
in lungs in 13.3%.

Histological analysis revealed CLT in 12 patients (Table 3).

The absolute radioiodine dose ranged from 100 mCi to
650 mCi and the median number of radioiodine doses received
to achieve NED state was 2.3 (range 1-6).

BIT treatment was generally well tolerated. Short-term
adverse effects (nausea and vomiting, neck pain and temporary
loss of taste) were not documented, whereas one patient pre-
sented chronic sialadenitis and xerostomia. Myelosuppression
was not observed.

Median follow-up was 5 years (range 0.16—13.10 years).

Five patients, four pubertal, presented recurrences of
DTC. In all, histologic type was papillary with a median time
elapsed since initial treatment (thyroidectomy) of 3.3 years
(range 3-5). In three patients the recurrence occurred in CLN,
one in mediastinum and one in lungs.

None of the patients died. Statistical analysis performed
with Kaplan-Meier survival curve showed a probability for
a disease-free survival rate of 80% at 3 years and 75% at
5 years of follow-up.

Table 3 Characteristics of DTC associated to CLT.

CLT Present Absent p-Value
n 12 33
Age, years 14.8 13.7
Range (8-19.6) (6.2-19)
Thyroid function
Normal 9 32
Hypothyroidism 2 -
Subclinical 1 1
hyperthyroidism
TPOAb/TGAb 11 -
Histologyc type
Papillary 12 28
Follicular - 5
Multicentricity 8 17
CLN metastases 7 (58.3%) 13 (39.3%) NS
Distant metastases 1(8.3%) 10 (33.3%) NS
NED at 3 years follow-up  87.5% (n:7) 69.5% (n:23) NS
Recurrences 1 4 NS
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Differences between patient groups with and without CLT
tested with x-test showed no significant differences between
groups.

Discussion

DTC constitutes 3%—5% of all pediatric cancers and the third
most frequent solid cancer in childhood. It accounts for 1% of
cancers in prepubertal children with increasing incidence in
adolescents (1-7, 11-16).

According to the Surveillance, Epidemiology and End
Results (SEER) database (16), there is a predominance of
boys among children below 6 years of age and a predomi-
nance of girls in older patients. The mean age of our studied
group was 13.7 years with an overall female:male ratio of 4:1.
We found a female predominance at all ages.

Children with prior history of head and neck radiation, leu-
kemia or lymphoma or iodine deficiency are at increased risk
for DTC (17, 18). Thyroid cancer is the most common second
malignancy in children with a history of Hodgkin and non-
Hodgkin’s lymphomas, and the third most frequent malignancy
in leukemia survivors. Children treated for cancer before age
10 years have the highest risk for thyroid cancer. In addition,
the incidence of DTC increases linearly with radiation doses
up to 30 Gy and declines at higher doses, probably due to
the cytotoxic effects of high doses of radiation (17). Four of
our patients had DTC as second malignancy (11 years after
rhabdomyosarcoma, 7 years after acute lymphoblastic leuke-
mia in two patients and 10 years after being treated for a non-
Hodgkin’s lymphoma of the cavum with 30 Gy neck radiation
therapy).

All our patients presented with a thyroid nodule at diagno-
sis. Recent prevalence estimations suggest that 20% of thy-
roid nodules in children are malignant, as compared with 5%
in adults (19, 20).

Thyroid function was normal in 88% of our patients, with
a median TSH level of 2.21 mUI/L. Consistent with other
authors’ findings we found hypothyroidism in 5.7%, and sub-
clinical hyperthyroidism in 5.7% (1). These last observations
underscore the need to continue with the evaluation of a per-
sistent thyroid nodule in spite of the finding of thyroid dys-
function in order to rule out malignancy. In agreement with
other authors we found that higher preoperative TSH levels
were significantly associated with a more advanced disease
at diagnosis, according to the pathogenic role of chronic TSH
stimulation (21, 22).

Most thyroid nodules (benign and malignant) express less
NIS (sodium iodide symporter) than normal surrounding tis-
sues, resulting in less *Tc uptake and showing a decreased
uptake on thyroid scan. Nevertheless, if TSH is suppressed,
a radionuclide scan may identify a hyperfunctioning nodule.
All our patients had “cold” nodules in *™Tc scan, even those
with subclinical hyperthyroidism.

US is useful in confirming the presence of a nodule, and
it can determine if it is solitary or multiple, and define echo-
structure, limits and characteristics of the surrounding thy-
roid gland and neck. Various sonographic characteristics of

a thyroid nodule have been associated with a higher like-
lihood of malignancy. These include solid predominance,
nodule hypoechogenicity, absent translucent halo, intran-
odular microcalcifications, irregular infiltrative margins,
increased intranodular vascularity and the presence of path-
ological CLN. However, US characteristics alone cannot
reliably distinguish between benign and malignant lesions
(23-27). Due to the fact that our study was retrospective and
the patients were studied in different diagnostic centers with
different operators, it was difficult to compare the reported
results.

FNAB is considered a valuable tool to evaluate if a thyroid
nodule is malignant, orient diagnosis and guide treatment.
However, FNAB cannot determine if a follicular lesion is
malignant or not, because this distinction is based on vascular
and/or capsular infiltration. Data for children are limited, but
the sensitivity and specificity of FNAB report similar results
as for adults (12, 28-30). FNAB was performed before sur-
gery in 39 patients and it was useful in predicting diagnosis in
74.3% of them. Unsatisfactory sampling was low in spite of
the lack of US guidance and cytopathologist assistance during
the procedure. This may be attributed to nodule size at diag-
nosis. The 29 patients with positive (malignant) or indetermi-
nate FNAB results underwent surgery. In eight patients with
negative FNAB results, surgery was decided based on tumor
size, nodule persistence and/or growth, and risk factors. This
20.5% of false negative results may be high in comparison
with other authors (29).

Removal of all thyroid tissue (total thyroidectomy) is a
crucial element in the initial management due to the high
probability of multicentricity of DTC in children; it reduces
the mass of thyroid tissue and facilitates postoperative treat-
ment with radioactive iodine and permits accurate long-term
surveillance for disease recurrence with the measurement of
serum thyroglobulin (2, 8, 11, 13, 14). All the patients in our
cohort underwent total thyroidectomy. The extent of CLN dis-
section is controversial as postoperative morbidity increases
with more aggressive CLN resection. Resection criteria for
CLN removal in our studied group was enlargement of CLN.

When performed by an experienced head and neck sur-
geon total thyroidectomy minimizes the risk of postsurgical
complications and the need for re-intervention in the case
of persistence of neck disease. Thyroidectomy was per-
formed by different surgery teams over the study period and
the global incidence of hypoparathyroidism all through the
study was 15.6%. Although this incidence may be high, it
is in agreement with some investigators (30-35). In the last
5 years it decreased to 7%, probably due to greater surgeon
experience.

As referred in the current literature, the most frequent histo-
logical type of DTC in our children was papillary carcinoma,
being multifocal in 60% and with extracapsular invasion in
44.4% (1-3, 36). The small number of patients with follicular
carcinomas prevents any statistical comparison between the
two different types.

Previous studies have suggested that pediatric DTC has a
more aggressive behavior at diagnosis than in adults (1-4,
13, 33, 35, 36); however, prognosis seems more favorable.
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At diagnosis CLN involvement is present in 40%—-80% of
patients and in 10%—-20% distant metastases are documented
(1, 2, 30, 31, 33, 34, 36). Our data support these suggestions
of a more extensive disease at diagnosis.

Postoperative radioiodine completes the initial treatment
of DTC. Primary goals of this therapy are remnant abla-
tion and adjuvant therapy to destroy suspected disease and
decrease recurrences. '3'I administration increases the sensi-
tivity of subsequent WBS and allows the utilization of serum
TG as a marker of recurrence or persistence of disease (11,
37, 38). However, there is no agreement in the activity of '
that should be administered in children. Following previous
guidelines (39), our patients received fixed doses of '*'1.

In accordance with Lazar et al. (3) we detected recurrences
in five patients (80% pubertal) with papillary DTC with a
median time since thyroidectomy of 3.3 years. Disease-free
survival rate at 5 years of follow-up was 75%, similar to that
reported by other authors (1-5, 35).

Also, we were unable to address the issue of disease char-
acteristics in prepuberty because of the small group of prepu-
bertal patients.

Since the first report of Dailay et al. in 1955, the associa-
tion of CLT and DTC, mostly papillary, has been documented
in variable proportions (1%-30% of cases) due to ethnic,
geographic, gender differences and probably mostly due to
differences in histologic interpretation of CLT (40-42). The
observation of a better prognosis of DTC in the presence of
CLT led to the hypothesis of CLT as a protective immune
reaction to control cancer cell proliferation (40, 41), but the
detection of thyroid neoplasms at diagnosis of CLT does not
support this protective role (19). The prevalence of CLT in our
series (26.6%) is similar to other series (31). Nevertheless,
probably due to the small group of patients, no statistical dif-
ferences were found between patients with and without CLT.

Conclusions

Our data show that pediatric DTC has an aggressive beha-
vior at presentation, with CLN metastases in 44% and distant
metastases in 24% of cases.

Higher preoperative TSH levels were significantly associ-
ated with a more advanced disease at diagnosis highlighting
its important pathogenic role.

CLT was present concomitantly in a quarter of the patients
and further studies are needed to establish a difference in
these patients’ outcome.

Total thyroidectomy, thyroid remnant ablation with '*'I and
suppressive treatment with L-T4 allowed a good progression-
free survival rate.

Clinical decision-making by the same team of endocrinolo-
gists having uniform criteria in a large cohort of patients below
20 years of age with DTC who were treated and followed up
at a single institution has allowed us to gather data on this dis-
ease evolution in childhood and adolescence. Nevertheless, to
promote knowledge about the behavior of DTC in childhood
and adolescence larger multicentric long-term prospective
studies are needed.
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