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Abstract

Background Cancer of the thyroid gland is rare in chil-
dren and adolescents. A history of neck irradiation is a
well-established risk factor for tumor development, and
most previous reports focused on cases that were induced
by radiation exposure. We present here a retrospective
review of the clinical features, treatment, and long-term
outcome of children and adolescents with papillary thyroid
cancer (PTC) without a history of radiation exposure who
were treated at our institution over a period of ~ 50 years.
Methods We retrospectively investigated 142 PTC
patients without an irradiation history who were younger
than 20 years of age when treated from 1961 to 2005 (17
males and 125 females; mean age = 16.3 £ 2.7 years;
follow-up = 21.8 £ 12.0 years). The clinicopathological
results were evaluated using the medical records. Disease-
free survival (DFS) and cause-specific survival (CSS) were
assessed with the Kaplan-Meier method and compared with
the log-rank test. Parametric analyses were performed
using Student’s ¢ test and nonparametric analyses were
performed using the Mann—Whitney U test.

Results At diagnosis, three patients had distant lung
metastasis and 33 had gross neck lymph node (LN)
metastasis. All patients were treated with surgery (hemi/
partial thyroidectomy in 45 patients, subtotal thyroidec-
tomy in 85, total thyroidectomy in 12, no LN dissection
in 50, central compartment dissection in 20, and modi-
fied radical neck dissection in 72), and postoperative
external beam radiation therapy was administered to 59.
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Postoperative ablative therapy using I'*' was not per-
formed in this series. Recurrence was found for regional
LN (n = 25), lung (n = 9), remnant thyroid (n = 5), and
others (n = 4). DFS and CSS at 40 years were 74.1 and
97.5%, respectively. DFS was significantly worse in
patients aged <16 years with a family history of thyroid
cancer, preoperative neck gross LN metastasis, maximum
tumor diameter, and extrathyroidal invasion. Preoperative
gross neck LN metastasis and distant metastasis at diag-
nosis were significant factors for CSS. No other factors
contributed to DFS and CSS. When the clinical features of
children and adolescents were compared, the incidence of
preoperative gross neck LN metastasis and distant metas-
tasis at diagnosis and tumors with a maximum diameter
>10 mm were significantly higher in the children group
than in the adolescent group. DFS was significantly shorter
in the children group than in the adolescent group, but no
significant difference was found in CSS between these two
groups.

Conclusions The prognosis of PTC in children and ado-
lescents is excellent, regardless of the extent of thyroid-
ectomy and LN dissection. We recommend that only
children or adolescents with preoperative gross neck LN
metastasis and distant metastasis at diagnosis should be
subjected to postoperative ablative therapy.

Introduction

Malignancy of the thyroid gland is rare in children and
adolescents, with a reported incidence of 2.6—12.9% of all
thyroid malignancy patients [1-6]. Papillary thyroid cancer
(PTC) is the most common thyroid malignancy in pediatric
and adult patients [1-5]. Radiation exposure in children has
been reported to be associated with the occurrence of PTC
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[7-10]. The majority of previous reports focused on the
incidence of PTC in children that was induced by radiation
exposure, which is associated mainly with the Chernobyl
accident [11, 12]. Indeed, only a few studies have focused
on the incidence of PTC in children and adolescents in the
absence of radiation exposure.

Many studies have reported higher recurrence and sur-
vival rates for PTC in children without radiation exposure
than in adults [1-6], with recurrence and mortality rates in
children of 15-40 and 0-13%, respectively [13—17]. Long-
term follow-up periods are needed and the outcome should
be discussed in the long-term context, especially for chil-
dren. The majority of studies had follow-up periods of
10-20 years and only a few studies have provided results
for a period longer than 30 years [6, 18, 19].

We present here a retrospective review of the clinical
features, treatment, and long-term outcome of PTC in
children and adolescents without a history of radiation
exposure over a period of 50 years.

Patients and methods

We performed 142 primary surgical resections of PTC in
patients younger than 20 years without a history of irra-
diation who were treated from 1961 to 2005 at the Noguchi
Thyroid Clinic and Hospital Foundation. The details of the
patients’ presentations, family history, radiation history,
surgical and pathological findings, adjunctive therapy, and
outcome were obtained from our hospital’s computerized
database, and these data were confirmed using the medical
records. The patients were 17 males and 125 females with a
median age at initial operation of 16.3 £ 2.7 years (ran-
ge = 6-19 years). There were 40 patients aged <15 years
old (children group) and 72 patients aged >15 years
(adolescent group). The median follow-up period was
21.8 £ 12.0 years. A familial history of thyroid cancer was
seen in 12 patients. We did not include PTC with specific
pathology in this study, e.g., poorly differentiated carci-
noma and variants of PTC (cribriform-morula, tall cell, and
follicular variants).

We analyzed the differences in the following clinical
variables between children (<15 years) and adolescents
(>15 years): gender, familial history of thyroid cancer,
preoperative gross neck lymph node (LN) metastasis, dis-
tant metastasis at initial presentation, maximum tumor
diameter, extrathyroidal invasion at primary site, and tumor
multiplicity. Statistical analyses were performed using
Fisher’s exact probability test and Welch’s ¢ test. Survival
rate from the date of initial surgery until death or loss of
contact (cause-specific survival, CSS) and tumor recur-
rence (disease-free survival; DFS) were estimated by the
Kaplan-Meier method. Statistical significance for survival
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was compared using the log-rank test. The candidate risk
factors were compared by DFS and CSS in all patients. A
p value <0.05 was considered statistically significant. All
analyses were performed using JMP 5.1.1 statistical soft-
ware (SAS Institute, Cary, NC, USA).

Results

The incidence of childhood PTC in patients <20 years was
1.5% (142 of 9,164 PTC patients underwent thyroidectomy
between 1961 and 2005). The distribution of patients
according to age and sex are shown in Fig. 1. A familial
history of thyroid cancer in first-degree relatives was
present in 12 of 142 patients (8.5%). At initial presentation,
three patients had distant lung metastasis with gross neck
LN metastasis and 30 had gross neck LN metastasis
without other metastatic organs. All patients were treated
with surgery (hemi/partial thyroidectomy in 45 patients,
subtotal thyroidectomy in 85, total thyroidectomy in 12, no
LN dissection in 50, central compartment dissection in 20,
and modified radical neck dissection in 72). Postoperative
external beam radiation therapy was administered to 59
patients. Postoperative radioiodine remnant ablation was
not performed on any of the patients with a curative
resection at the time of the initial surgery. The patients with
lung metastasis at initial presentation underwent a total
thyroidectomy following radioiodine therapy. Thyroid-
stimulating hormone (TSH) suppression therapy was not
administrated and the TSH level was maintained at a low
normal level with or without L-thyroxine in all patients.
Table 1 gives the surgical procedures and postoperative
complications. Hypoparathyroidism, including temporary
hypoparathyroidism, was found in 12 patients (9.2%) and
permanent hypoparathyroidism was found in 1 (0.7%).
Recurrent laryngeal nerve palsy, including temporary
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Fig. 1 Age distribution of the childhood PTC patients. The solid
black scale bars indicate males and the gray scale bars indicate
females
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Table 1 Surgical methods and complications 1.0

Surgical Temporary and  p value* Permanent p value* CSS

complications permanent number 0.8 1

number &)
5 DFS

Hypoparathyroidism x 06

o
TT (yes/no) 8/4 /11 %
ST (yes/no) 4/81 <0.001  0/85 0.007 3 D
Lobectomy  0/45 <0.001  0/45 0.051
and others 0.2 -
(yes/no)

Laryngeal nerve palsy 0.0 T T T T T T T T T |
TT (yes/no) 6/6 2/10 0 10 20 30 40 50
ST (yes/no)  5/80 <0.001 283 0.020 Years After Surgery
Lobectomy — 6/39 0.006 0/45 0.005 Fig. 2 Overall disease-free survival (DFS) and cause-specific

?nd /Oth)ers survival (CSS) rates of childhood PTC patients. DFS and CSS at
yes/no

TT total thyroidectomy, ST subtotal thyroidectomy
* p value compared to TT

recurrent laryngeal nerve palsy, was found in 17 patients
(13.6%) and permanent recurrent laryngeal nerve palsy was
found in 4 (2.9%). There was a significant increase in the
incidence of postoperative hypoparathyroidism following
total thyroidectomy compared to subtotal thyroidectomy
(temporary, p < 0.001; permanent only, p = 0.007) and
hemi/partial thyroidectomy (temporary, p < 0.001; per-
manent only, p = 0.051). Similarly, there was a significant
increase in the incidence of postoperative laryngeal nerve
palsy following total thyroidectomy compared to subtotal
thyroidectomy (temporary, p < 0.001; permanent only,
p = 0.020) and hemi/partial thyroidectomy (temporary,
p = 0.006; permanent only, p = 0.005).

Recurrence was found in 28 (20%) of the 139 patients
who underwent a complete operation. The recurrent sites
were the neck LN in 25 patients, lung in nine, remnant
thyroid in five, mediastinum LN in one, and others in three,
including duplication. The patients with recurrence in the
neck LN were resected surgically, and the patients with
distant metastases in the lung and bone were treated with
radioiodine therapy. During follow-up, three patients died
of the disease and five patients died of other reasons. DFS
and the CSS at 40 years were 74.1 and 97.5%, respectively
(Fig. 2).

Significant differences in DFS were observed in patients
<16 years (p = 0.030) and in those with a familial history of
thyroid cancer (p = 0.041), preoperative gross LN metas-
tasis (p = 0.006), tumor diameter >30 mm (p = 0.033),
extrathyroidal invasion (p = 0.004), and histological LN
metastasis (p = 0.002) (Fig. 3). Preoperative gross LN
metastasis (p = 0.010) and distant metastasis at diagnosis
(p < 0.001) were significant factors for CSS (Fig. 4). No
other factors contributed to DFS and CSS (Table 2).

40 years were 74.1 and 97.5%, respectively

The clinical features of the children and adolescent
groups are summarized in Table 3. The male/female ratio
was 6/34 (1:5.7) in children and 11/91 (1:8.3) in adoles-
cents. The female ratio tended to be higher in adolescents
than in children, although it was not significantly different
(p = 0.567). Furthermore, this sex difference was not
observed in children <11 years (1:1.3). A familial history
of thyroid cancer was observed more frequently in children
(six patients, 15%) than in adolescents (six patients, 4.2%),
but there was no significant difference (p = 0.097). Pre-
operative gross LN metastasis was found in seven children
(42.5%) and 16 adolescents (15.7%; p = 0.002). Distant
lung metastasis at diagnosis was found in three children
(7.5%) in contrast to no adolescents (p = 0.021). The
maximum tumor diameter was significantly larger in chil-
dren (25.0 £ 2.7 mm) than in adolescents (18.0 & 1.7
mm; p = 0.048). The incidence of a tumor with a maxi-
mum diameter >10 mm was significantly higher in chil-
dren (85%) than in adolescents (55.9%; p = 0.001).
Extrathyroidal invasion of the tumor was seen in 22 chil-
dren (55%) and 41 adolescents (40.2%), and multifocal
tumors were found in six children (15%) and ten adoles-
cents (9.8%); however, these differences were not
significant.

Discussion

Many risk factor analyses of patients with differentiated
thyroid cancer have been reported [20-26]. Older age, male
gender, familial history of thyroid cancer, tumor size,
multifocal tumors, extrathyroidal invasion, LN metastasis,
and distant metastasis are well-recognized prognostic risk
factors in this field. Various prognostic scoring systems,
e.g., TNM Staging System [22], AMES System [23],
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AGES and MACIS System [24, 25], and Ohio State Uni-
versity Scoring System [26], are determined by combining
these factors. These risk factors and the scoring systems are
based mainly on the results of adult patients with PTC,
while childhood PTC accounts for only a small portion of
the data. There are many controversies regarding the proper
treatment of pediatric patients, and their long-term survival
is excellent, but the risk of local recurrence is rather high.

Recent molecular analysis showed that PTC is caused by
the activation of the MAP kinase pathway. In young
patients, RET/PTC, AKAP9-BRAF, and NTRKI recombi-
nation events are the main genetic alterations [27]. In
contrast, PTC in adults is the result of predominantly point
mutations, e.g., in BRAF [27-29]. The difference in
oncogenic factor between children and adults may be
related to their clinical cause. Identification of the prog-
nostic indicators for PTC that are specific for children and
adolescents, which are biologically different, is very
important in deciding an appropriate therapeutic strategy.

In this article, we identified age (<16 years), familial
history of thyroid cancer, preoperative gross neck LN
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metastasis, tumor diameter, and extrathyroidal invasion as
risk factors for DFS in children and adolescents with PTC
without a history of radiation exposure. Furthermore, pre-
operative gross neck LN metastasis and distant metastasis
at diagnosis were significant risk factors for CSS. The
patients with these CSS risk factors are considered to
belong to a high-risk group and should be treated with total
thyroidectomy and radioiodine therapy using I'*'. The
extent of thyroid gland and LN resection was not associ-
ated with outcome, while wider resection, especially total
thyroidectomy or near-total thyroidectomy, resulted in an
increased rate of postoperative hypoparathyroidism. Our
sample size may be inadequate to conclude a difference in
these variables based on the extent of thyroidectomy. From
our long-term survival data, childhood PTC shows a
favorable prognosis and we select patients who are indi-
cated for total thyroidectomy with radioiodine therapy
from our childhood PTC patients. Our opinion is that ste-
reotypical treatment of total thyroidectomy following
radioiodine ablation should not be performed in all child-
hood patients.
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Fig. 4 Postoperative cause-specific survival (CSS) rate according to
the risk factors: a preoperative clinical gross lymph node metastasis
(CN) and b distant metastasis at diagnosis (DM)

This is the first report to compare the clinical features of
childhood and adolescent PTC directly. A high prevalence
of PTC in females was observed in both groups, but it was
higher in adolescents. Notably, this sex difference was not
seen in patients aged <11 years. Sex-related hormonal
factors originating from unknown sex chromosome-related
genes may contribute to this female preponderance of PTC.

Robinson and Orr [30] first reported familial nonme-
dullary thyroid cancer (FNMTC) in 1955. The incidence of
FNMTC is reportedly 1.8-10.5% among nonmedullary

Table 3 Clinical characteristics of the patient groups

Children Adolescents p
(n = 40) (n = 102)
Sex (male/female) 6/34 11/91 0.567
Familial history of thyroid cancer 6 (15%) 6 (4.2%) 0.097
Preoperative lymph node 17 16 (15.7%) 0.002
metastasis (42.5%)
Distant metastasis at diagnosis 3 (7.5%) 0 (0%) 0.021
Tumor with maximum diameter 34 (85%) 57 (55.9%) 0.001
>10 mm
Tumor diameter (mm) 250+£2.7 180+ 1.7 0.048
Extrathyroidal invasion 22 (55%) 41 (40.2%) 0.134
Multiple primary tumor site 6 (15%) 10 (9.8%)  0.387

thyroid cancers, but its incidence in childhood PTC is
unknown [31-37]. In this series, a familial history of thy-
roid cancer was seen in 9.2% of patients and, specifically,
the incidence of FNMTC was higher in children compared
to adolescents. Genetic factors may be more involved with
the occurrence of childhood PTC than adolescent PTC.

Preoperative gross neck LN metastasis, distant metas-
tasis at diagnosis, and tumors with a maximum diameter
>10 mm were found significantly more frequently in
childhood PTC than in adolescent PTC. The diameter of
childhood PTC tumors tended to be larger than that of
adolescent PTC tumors. These results suggest that PTC in
children may be a distinct clinical entity from PTC in
adolescents and adults.

Conclusion

Children and adolescent PTC patients have an excellent
prognosis, regardless of the extent of thyroidectomy and
LN dissection. Preoperative neck LN metastasis and distant
metastasis at diagnosis emerged as significant risk factors
for CSS. We believe that children and adolescents without
these risk factors should avoid the extent of thyroidectomy
following postoperative ablative therapy.

Table 2 Risk factors for
disease-free survival and cause-

specific survival in childhood
PTC

Factors Number (%) p (DES) p (CSS)
Sex (male/female) 17 (12%)/125 (88%)  0.2920 0.6073
Age (children: <16/adolescent: >16) 40 (28%)/102 (72%) 0.0303 0.4396
Familial history of thyroid cancer (yes/no) 12 (8%)/130 (92%) 0.0143 0.7237
Lymph node metastasis at diagnosis (yes/no) 33 (23%)/109 (77%)  0.0062 0.0062
Distant metastasis at diagnosis (yes/no) 3 2%)/139 (98%) - <0.0001
Tumor size (<30/>30 mm) 96 (68%)/46 (32%) 0.0325 0.0632
Extrathyroidal invasion (yes/no) 63 (44%)I79 (56%) 0.0040 0.1511
Primary tumor site (single/multiple) 126 (89%)/16 (11%)  0.6808 0.6138
Surgery (total or subtotal thyroidectomy/lobectomy, other) 97 (98%)/45 (32%) 0.2193 0.2119
Postoperative radiation therapy (yes/no) 59 (42%)/83 (58%) 0.3633 0.2116
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