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ABSTRACT

OBJECTIVE: To define clinical presentation, surgical complications, follow-up characteris-
tics, and survival of 23 children and adolescents with thyroid carcinoma. DESIGN: Retrospec-
tive analysis of data of 23 children and adolescents with thyroid carcinoma cared for in the
Theagenion Cancer Hospital, Thessaloniki. RESULTS: At the time of diagnosis cervical lymph
node metastases were present in 18 (78.2%), mediastinal in 2 (8.69%), and pulmonary in 3
patients (13%). Total thyroidectomy was performed in 21 patients, with lymph node dissection
in 18 and subtotal thyroidectomy in 2. No significant post-operative complications were observed.
Histological examination revealed differentiated thyroid carcinoma (DTC). Tumor was multi-
focal in 11 (47.8%) and bilateral in 7 subjects (63.6%). Thyroid capsule invasion, vascular
invasion, soft tissue involvement, and parathyroid gland invasion was observed in 12 out of 23
patients (52.1%). All patients received thyroxine suppressive therapy and 21 of them additional
therapy with radioactive iodine (**'I). During follow-up (5.5 years), 6 out of the 23 patients
presented new metastases in the cervical and mediastinal lymph nodes, lungs, and bones. At last
follow-up, 11 patients (47.8%) had residual disease but all were alive. CONCLUSIONS: Thyroid
carcinoma in children and adolescents can be quite aggressive. When a young patient presents
thyroid nodule or multinodular goiter or palpable lymph nodes, the existence of thyroid carci-
noma must be seriously considered.
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INTRODUCTION two decades of life. It is estimated that 10% of the
total cases of thyroid carcinoma occur within this
age range.' It is very rare before the age of 10, its
Address correspondence and requests for reprints to: 1n01('1€nce increasing with age.” (;hlldhOOd‘ thyroid
Kalliopi Pazaitou-Panayiotou, 2 Al. Simeonidis Str., carcinoma has a female predominance, with a fe-
54007 Thessaloniki, Greece male to male ratio of 2.5-6 to 1.0.> Several studies
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tients differs from that in adults with respect to its
presentation and outcome. Although pediatric pa-
tients with thyroid carcinoma tend to present with
disease at a more advanced stage than adults, namely
a higher incidence of lymph nodes and pulmonary
metastases, the prognosis is better for them.*’
Guidelines with regards to optimal management of
DTC in children and adolescents are based prima-
rily on the experience of a few specialists of tertiary
care academic Institutions.” Hence the description
of additional cohorts of pediatric DTC patients is of
intrinsic value. In this communication, we present
our data on 23 children and adolescents with thy-
roid carcinoma. The study is retrospective and in-
cludes mode of presentation, clinical course, and
long-term outcome of therapy. It is important to
underline that this study refers to a genetically rela-
tively homogeneous population. All patients were
born in Northern Greece and the exposure of the
presented cases to environmental iodine loads was
most probably similar. Data were analyzed in an
anonymized fashion. No medullary thyroid carcino-
ma cases are included in this study.

SUBJECTS AND METHODS

Twenty-three children and adolescents (15 fe-
males and 8 males) aged 8 to 20 (mean 15.9+3.3)
years were treated for differentiated thyroid carci-
noma (DTC) in the Theagenion Cancer Hospital
from 1987 to 2004. The main presenting symptoms
were a solitary thyroid nodule in 12 and multinodu-
lar goiter in 7. Palpable cervical lymph nodes were
present in 14 of them, and a palpable lateral cervi-
cal mass with normal thyroid in 4 patients. No pa-
tient had received head or neck external radiation
therapy. One patient had a family history of papil-
lary thyroid carcinoma. Fine needle aspiration bi-

Table 1. Histologic type of the thyroid carcinoma in relation to age.

opsy (FNAB) was performed in 4 patients and led
to the diagnosis of thyroid carcinoma. In 2 patients
the diagnosis was established after biopsy of an en-
larged lymph node, and in 17 the diagnosis was es-
tablished by histology after thyroidectomy.

Total thyroidectomy was performed in 21, with
unilateral cervical lymph node dissection in 18 pa-
tients, and lymph node dissection of the upper me-
diastinum in 2 of them. Subtotal thyroidectomy was
performed in 2 patients carrying a small cold node
(0.5 and 0.9cm in diameter, respectively). After sur-
gery one patient presented transient hypoparathy-
roidism, but no patient presented recurrent laryn-
geal nerve damage. Postoperatively, ablation ther-
apy with 80-100 mCi of radioactive "' was given in
21/23 patients in order to eradicate any remaining
normal or malignant thyroid tissue. Ablation thera-
py was not given in the 2 patients with subtotal thy-
roidectomy. Thyroid hormone therapy was applied
in all patients.

A whole body scan (WBS) was performed 4-7
days after ablation therapy. TSH and thyroglobulin
(Tg) measurement in the hypothyroid condition was
carried out in all patients by IRMA methods
(Brahms and Schering, respectively).

RESULTS

Histology revealed papillary thyroid carcinoma
(PTC) in 21/23 patients (91.3%), with pure papil-
lary type in 13 (61.9%) and papillary TC-follicular
variant in 8 (38.1%). In the remaining 2 patients
follicular carcinoma and insular carcinoma, respec-
tively were detected (Table 1). Tumor size ranged
from 0.23 to 5 cm (maximum diameter); 9 children
had tumors measuring <1.5 cm. Multiple tumor foci
of the papillary type were detected in 11 patients

Histology Age of patients (yrs)
<10 11-15 16-20 Total
n (%) n (%) n (%) n %
Papillary 2 (100) 4 (80) 15 (93.7) 21 (91.3)
Follicular 1 (6.3) 1 (4.3
Insular 1 (20) 1 (4.3
Total (8.7%) (21.7%) (69.6%) (100%)
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(47.8%), with bilateral location in 7 of them (63.6%).
Thyroid capsule invasion, vascular invasion, soft tis-
sue involvement, and parathyroid gland invasion
were observed in 12/23 (52.1%). Multiple cervical
lymph node metastases were observed in 18 patients
(78.2%), with unilateral involvement in 12 (66.6%)
and bilateral in 6 patients (33.3%). Moreover, me-
diastinal lymph node metastases were present in 2
patients (8.69%) (Table 2).

Postoperatively, on discontinuing L-thyroxine for
ablation therapy with radioactive iodine, serum Tg
levels ranged from 0.1 to 4237 ng/ml, and TSH from
52.8 t0140 wU/ml (normal range 0.3-4 pU/ml). At
the time of diagnosis of thyroid cancer, pulmonary
metastases were present in 3 patients, diagnosed by
the WBS, carried out 4-7 days after ablation thera-
py. One of them had mediastinal metastasis as well
(Table 2). Tg levels of these patients are presented
in Figure 1. None of the patients received either
external beam radiotherapy or chemotherapy for
disease control.

In 2 patients, subtotal thyroidectomy was per-
formed because of a small cold nodule. Pathology
revealed a papillary microcarcinoma 0.5 and 0.9 cm
in diameter, respectively with no signs of infiltra-
tion or extension beyond the nodule capsule. High
resolution ultrasonography of the remaining thyroid
lobe showed a normal thyroid with no nodular dis-
ease. No further surgery was recommended.” In
these 2 patients no ablation therapy was given. Tg

Table 2. Tumor local invasion and distant metastases at the time of
diagnosis in children and adolescents with thyroid carcinoma.

Local invasion/Metastases Patients Incidence

n (%)
Nodule capsule invasion 8 34.7
Perinodular parenchyma invasion 6 26
Thyroid capsule invasion 4 17.3
Vascular invasion 3 13
Muscle invasion 2 8.6
Fat tissue invasion 3 13
Cervical lymph node metastasis 18 782
Pulmonary metastasis 3 13
Mediastinal metastasis 2 8.6

Parathyroid metastasis 1 43
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Figure 1. Tg levels (ng/ml) during follow-up in four patients
(P1, P2, P3, P4) who had distant metastases at the time of diag-
nosis of the thyroid carcinoma. P1 had mediastinal metastasis,
P2 had simultaneously lung and mediastinal metastases, P3 and
P4 had lung metastasis.

The square symbols indicate time of *'I administration during
follow-up.

on thyroxine in these two patients was undetectable,
and in hypothyroid condition was 5ng/ml and re-
mained stable during the follow-up period of 10 yrs
and 17 yrs, respectively.

Classification of the disease in all patients ac-
cording to the TNM system® is shown in Table 3.

FOLLOW-UP DATA

The mean duration of follow-up was 5.5 years
(range 1.3 to 17 years). The patients were followed

Table 3. Classification of the disease in 23 patients according to
TNM system.

TNM classification Number of patients
TINOMO 1
TIN1bMO 5
T1bNOMO 2
T1bN1bMO 1
T2N1bMO 3
T2N1bM1 1
T2bN1bMO 3
T3N1bM1 1
T3bN1bMO 2
T4aNOMO 1
T4aN1bMO0 2
T4aN1bM1 1
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by clinical examination, thyroid and neck ultrasono-
graphy, TSH, FT4, and serum Tg levels every 6
months in order to detect recurrence or progres-
sion of the disease. WBS with radioactive "*'T or com-
puted tomography (CT) were performed when nec-
essary.

During the follow-up, between 12 and 72 months
(mean 37.33 months) after the ablation therapy, 6
of the 23 patients (26%) presented with local recur-
rences or new metastases (Table 4). Two of them
presented cervical lymph node recurrences, two
mediastinal lymph node metastases, one lung and
cervical node metastases, and one patient skull me-
tastasis, mediastinal lymph node metastases, and
lung metastases (Table 4). Even patients with tu-
mor size <1.5cm eventually presented with distant
metastases (Figure 2). Two of the above-mentioned
patients, who presented cervical node recurrences,
were re-operated on. All patients who had residual
disease after the ablation therapy or presented new
metastases received additional doses of radioactive
iodine therapy. Thus, 7 patients received 100-150
mCi of radioactive "' as an additional dose because
of residual local disease or mediastinal lymph node
metastases, 4 received 200-350 mCi in 2 additional
doses due to lung metastases, and one (female) re-
ceived 1150 mCi in 7 additional doses due to persis-
tent lung metastases. No severe complications (such
as second malignancy, pulmonary fibrosis or de-
creased fertility in male patients) were observed as
a result of high cumulative doses of radioactive "'
therapy. All residual diseases or metastases were
either histologically proven or had positive WBS and
elevated Tg (>5 ng/ml).

At last follow-up, 12 patients (52.2%) were in

B umor size £1,5cm
O miar size =1 5am
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Figure 2. Patients (%) with metastases according to tumor size.
A: Cervical lymph node metastases at diagnosis. B: Distant me-
tastases at diagnosis. C: Newly developed distant metastases
during the follow-up. D: Free of disease at last follow-up.

complete remission (Table 6). Ten of them, those
with total thyroidectomy, had undetectable Tg lev-
els under thyroxine therapy and Tg<1 ng/ml under
hypothyroid condition, negative WBS, and normal
cervical ultrasonography. Two patients with subto-
tal thyroidectomy had normal thyroid and cervical
ultrasonography, undetectable Tg under thyroxine
therapy, or Tg<5 ng/ml in hypothyroid condition.
Eleven patients (47.8%) had residual disease (Ta-
ble 5), but all were alive and asymptomatic.

DISCUSSION

Although most cases of thyroid carcinoma (TC)
occur in adults, TC may occur in children and ado-

Table 4. Diagnosis of recurrences or new metastases in six patients during the follow-up

Recurrences/Metastases U/S FNAB WBS Tg (ng/ml) CT
Cervical node + + Nd <1 Nd
Cervical node + + + 24 Nd
Mediastinal lymph node Nd Nd + 10.05 Nd
Mediastinal lymph node Nd Nd - 2714 +

Lung and cervical node Nd Nd + 451.8 Nd
Skull, lung, mediastinal lymph node Nd Nd + 26.59 Nd

U/S: thyroid and cervical lymph nodes ultrasonography, FNAB: fine needle aspiration biopsy, WBS: whole body scan, Tg: thyroglo-
bulin on stopping L thyroxine, CT: computed tomography, +: positive for disease, -: negative for disease, Nd=not done
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Table 5. Tg levels in 11/23 patients with residual disease at last follow-up, site of residual disease, and total therapy with radioactive iodine
(ablation therapy is included). Duration of follow-up is estimated from the time of initial diagnosis.

Patients Age at diagnosis Site of residual Tg (ng/ml) Tg at last Follow-up Total RAI
(years) disease before ablation follow-up (m) (mCi)
NG 17 mediastinum 5.62 2335 57 250
AM 16 local disease 9.2 7.0 17 100
11 18 local disease 36.2 88.2 28 100
AA 14 lung and mediastinum 18.67 165.8 24 250
EN 15 lung 451.87 234 54 500
SM 17 lung 4058.0 628.0 48 700
PP 19 mediastinum 3.49 263.4 72 400
MP 20 local disease 37.5 24.0 16 100
MC 10 lung, bone, mediastinum 24.94 28.0 43 300
KV 17 mediastinum 7.38 10.2 86 100
TV 12 lung 4237 260.4 108 1230

Table 6. Patients with complete remission at last follow-up. Duration of follow- up is estimated from the time of initial diagnosis

Patients  Age at diagnosis Follow-up RAI Tumor size Infiltration/metastases at diagnosis
(years) (years) (mCi) (cm)

PA 18 25 250 1.5 cervical lymph nodes

DM 18 7.0 240 1.8 thyroid parenchyma cervical lymph nodes

PN 17 7.5 100 4.0 nodule capsule, vessels, parathyroid gland

MK 18 4.0 250 5.0 thyroid parenchyma vessels

MM 11 5.5 80 1.8 extrathyroidal invasion, cervical lymph nodes

AA 16 2.0 100 4.0 extrathyroidal invasion, cervical lymph nodes

PV 14 6.5 250 3.0 cervical lymph nodes

VM 19 10.0 - 1.2 No

IS 19 10.0 100 2.8 nodule capsule, cervical lymph nodes

MK 10 17.0 0.23 No

KA 20 8.5 100 0.7 cervical lymph nodes

ST 20 16.5 400 35 cervical lymph nodes

lescents, and it is generally agreed that its occur-
rence and clinical course are different from those
of the adult. Children present larger tumors and a
greater incidence of lymph node metastases’ at pre-
sentation but the prognosis is much better.”"” Nev-
ertheless, thyroid carcinoma can on rare occasions
be a lethal neoplasm.”" Genetic factors, complex
immune patterns of antitumor or peritumoral fibro-
sis, variable angiogenic responses, sensitivity to
ambient levels of ionizing radiation between chil-
dren and adults, late diagnosis, and other unknown
factors, are probably responsible for the generally

encountered greater extend of the disease at pre-
sentation in children. Patients who present lymph
nodes and lung metastases usually require higher
doses of radioactive "'I.

The female to male ratio in our patients was 2.12
to 1. When the analysis was limited to prepubertal
patients, the gender ratio was close to unity, but
when older adolescents are included in pediatric
series, as in our study, a greater prevalence of fe-
males to males is observed.”” The disease is pre-
sented as solitary thyroid nodule or multinodular
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goiter with cervical lymph nodes involvement in the
majority of patients. The reported malignancy in
cases of solid, cold thyroid nodule ranges from 17
to 36% in young people.” ™ In 4 of our patients a
palpable lateral cervical mass was observed which
proved to be metastasis of papillary thyroid carci-
noma, while the thyroid gland appeared clinically
normal. In these patients total thyroidectomy was
performed and revealed a 0.6-1 cm papillary thy-
roid carcinoma.

Histology revealed papillary carcinoma in 91.3%
of our patients, follicular in 4.34%, and insular in
4.34%. Similar distributions have been reported by
other authors."® Although papillary carcinoma is rare
under the age of 10, two of our patients aged 8 and
9 years had papillary thyroid carcinoma. One of
them presented metastases in lung and skull one
year after the diagnosis of the disease and was treat-
ed with additional doses of "'I. 47.8% of our pa-
tients had multifocal disease and in 63.6% of them
involvement of both lobes was observed. Similar
results were reported by Segal et al."” Cervical lymph
nodes metastases were present in 18/23 (78.2%) of
our patients at the time of diagnosis. This rate is
higher than that reported by Mc Henry et al.”> Lung
metastases in different reports is variable, ranging
from 6 to 25%.">'*" Three out of the 23 patients
(13%) had pulmonary metastases at the time of di-
agnosis, and 2 presented pulmonary metastasis dur-
ing the follow-up. Even small tumors (<1.5 cm) gen-
erated local or distant metastases. None of our pa-
tients had bone metastasis at diagnosis, but our
youngest patient (8 years old) with papillary carci-
noma developed cranial bone metastasis one year
after the diagnosis of thyroid carcinoma.

Capsular invasion, soft tissue invasion, and pos-
itive margins, were observed at diagnosis in the
majority of our patients who later presented with
recurrent or metastatic disease, and these chara-
cteristics must be considered significant prognostic
factors of recurrences or metastases in patients with
thyroid carcinoma.” However, it must be stressed
that one patient with papillary thyroid carcinoma
developed lymph node metastasis in the mediasti-
num 5 years after the diagnosis of the disease, de-
spite the fact that its initial lesion was not infiltra-
tive.

The optimal management of thyroid carcinoma
in children and adolescents has not as yet been de-
fined. Most cases can be cured by a combination
therapy which include surgery and radioactive io-
dine.” Surgery is the initial treatment for all cases.
Some authors suggest that subtotal thyroidectomy
and thyroid hormone suppressive therapy are effec-
tive in controlling disease restricted to one lobe. The
majority of the authors, however, recommend total
or near-total thyroidectomy,* selective lymph node
dissection when neck metastases are present, abla-
tion therapy with radioactive "'I, and thyroid hor-
mone suppressive therapy>** In view of the fact that
DTC are often bilateral and multifocal in origin,*"’
we apply in our center total thyroidectomy as the
treatment of choice. The reported high rate of le-
sions to the laryngeal nerve and postoperative hy-
poparathyroidism® were infrequent complications in
our series and must be so in general if patients are
referred to specialized surgeons. Total thyroidecto-
my was performed in 21/23 patients with cervical
lymph node dissection in 18 of them. Only one of
our patients presented transient hypoparathyroid-
ism. The extent of cervical lymph node dissection is
an important issue. All clinically involved lymph
nodes are dissected. But local recurrences or me-
tastases are a common problem in young patients
with DTC. Therefore, complementary surgery may
be necessary to eradicate recurrences or metastas-
es. Two of our patients who presented cervical lymph
node metastases (18 and 60 months after ablation
therapy) were re-operated.

Twenty-one of our 23 patients (91.3%) have re-
ceived additional therapy with radioactive "*'I. Larg-
er doses were necessary to treat lymph nodes and
lung metastases. One patient received 1230 mCi for
persistent metastatic lung disease. We administered
fixed-therapy doses of *'I to our patients. Whether
one should adjust these doses for body surface or
body weight in children, assuming an average body
surface of 1.72 m* and body weight of 70 kg for
adults, remains controversial. Hung and Sarlis® pro-
pose that if fixed doses of *'I are to be used in pedi-
atric patients, these should be derived by adjusting
the corresponding "'I activities given for therapy in
adults, taking into account the body surface and to-
tal body weight of the younger patients as proposed
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by Reynolds.” Radioactive iodine treatment has
been found to be safe and effective in the manage-
ment of metastases.” High doses of radioactive io-
dine, frequently used in patients with lung metastas-
es, may increase the risk of pulmonary fibrosis,” but
this can probably be avoided when there are inter-
vals between therapies. The risk of induction of a
secondary solid tumor after iodine therapy in later
life though small does exist. Vassilopoulou-Sellin et
al'' have found a 7% incidence of radioiodine-re-
lated secondary malignancies over the following
decades. Large doses of "'l may cause acute mye-
loid leukemia and bladder cancer. Decreased fer-
tility has been reported in male patients after high
cumulative doses of radioactive iodine.”* The two
patients with papillary carcinoma who underwent
subtotal thyroidectomy have not received ablation
therapy. They had small size TC, no infiltrative dis-
ease, and good differentiation. No recurrence or
metastases have been observed during the follow-
up (120 and 204 months, respectively). All patients
received suppressive doses of L-thyroxine, and were
monitored by serum thyroglobulin levels, WBS, and
ultrasonography.

Tg in the hypothyroid condition has been estab-
lished as a sensitive tumor marker,’" especially
when measured by the most up-to-date assays. De-
tectable or elevated levels of thyroglobulin indicate
persistent, recurrent or metastatic disease. Elevat-
ed serum Tg levels were observed in 5 of our 6 pa-
tients with DTC, who presented new metastasis.
Pediatric patients generally tolerate poorly thyroid
hormone withdrawal and induced hypothyroidism.
Recombinant human TSH (rhTSH), an exogenous
source of human TSH, has been introduced in clini-
cal practice as an effective alternative to thyroid
hormone withdrawal for the follow-up of DTC pa-
tients.” thTSH is effective in promoting Tg release
in thyroid cancer cells, without inducing hypothy-
roidism. The use of rhTSH has not been approved
for diagnostic purposes in pediatric patients, al-
though it is safe and yields the same results in chil-
dren and adolescents as in adult patients. The opti-
mal dose of rhTSH has not yet been defined, but
seems to be similar to that used in adults.” If rhTSH
is to be administered, patients receive one injection
of thTSH (0.9 mg im, Thyrogen) for 2 consecutive
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days. Serum Tg is measured before and after rhT-
SH stimulation (days 4 and 5). Even minor increas-
es from undetectable baseline serum Tg may be as-
sociated with recurrent or metastatic disease.”

Survival rates of 86-100% are reported in young
patients with thyroid carcinomas.*”" At last follow-
up, all patients were alive but 11 still had residual
disease (Table 5). Considering the indolent course
of DTG, this is a relatively short time of median fol-
low-up (5.5 years). Local or distant metastases can
occur and must be recognized and treated prompt-
ly. When children present a cold nodule or multi-
nodular goiter, or a palpable cervical mass, pedia-
tricians must be alerted to the possible existence of
thyroid carcinoma.

The follow-up time must be extended to a life-
long period so that more reliable conclusions can
be drawn. Although pediatric survival rates are long-
term, DTC in children and adolescents should be
considered as a potentially lethal disease. Moreover,
the risk of induction of a secondary solid tumor af-
ter iodine therapy in later life though small never-
theless exists.

In summary, children and adolescents who are
presented with advanced thyroid carcinoma have
overall a good prognosis. Total thyroidectomy and
lymph nodes dissection is the treatment of choice,
along with therapy with radioactive “'I. Tg in the
lympothyroid state is a sensitive tumor marker.
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