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Abstract. Well-differentiated thyroid carcinoma in children and adolescents is rare but demonstrates aggressive behavior.
Gross lymph node metastases and distant metastases are common upon first clinical presentation. During a 33-year period
(1981-2014) at the Institute of Oncology and Radiology of Serbia, 62 children and adolescents underwent surgery due to
well-differentiated thyroid carcinoma. Mean age was 16.7 (range 7-21) years. At the time of diagnosis 6% of patients had
lung metastases. Total thyroidectomy or completion thyroidectomy was performed for all patients followed by central neck
dissection and frozen section examination of jugular-carotid compartments. Median follow-up was 10.9 (range 0.69-
33.05) years and median tumor size was 20 (range 2-60) mm. Papillary carcinoma was found in 96%, and follicular and
Hiirthle cell carcinoma in 2% of patients. Multifocal tumors were found in 50% and capsular invasion in 60% of patients.
Lymphonodal metastases in either central or lateral neck compartments were found in 73% of patients. Multifocality and
capsular invasion were significantly more frequent in patients less than 16 years of age (both p<0.01). Median disease-free
interval had not been reached and overall survival rate was 100%. Well-differentiated thyroid carcinoma in children and
adolescents is characterized by a high rate of loco-regional aggressiveness, multifocality, capsular invasion, lymph node
metastases and distant metastases at the time of diagnosis. Adequate surgical approaches should be performed for both
primary and recurrent disease in young patients with well-differentiated thyroid carcinoma in order to achieve loco-regional
disease control and longer disease-free survival.
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DIFFERENTIATED thyroid carcinoma is rare
in pediatric population ranging from 0.5-3% [1].
Hogan et al. used the Surveillance, Epidemiology,
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and End Results (SEER) registry of the National
Cancer Institute-U.S.A., from 1973 to 2004, to show
an increase in the annual incidence of pediatric thy-
roid carcinoma by 1.1% per year [2]. Data from Great
Britain report increase in thyroid cancer incidence in
boys aged 0-14 from 0.2 to 0.6 and in girls from 0.3
to 0.5 persons per million [3]. Pediatric thyroid carci-
noma clinically behaves different from the carcinomas
in the adult population. Thyroid nodules in children
and adolescents are almost ten times more often malig-
nant than in adults [4]. Lymphonodal involvement is
commonly present at first clinical presentation (35%-
83%) and pulmonary metastases could be encountered
inup to 16% [5-10]. The local and distance recurrence
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may occur even after several years and the prognosis of
these patients is relatively good even if distant metasta-
ses are present [11].

In this retrospective study we present single institution
experience in the management of 62 patients under the
age of 21 with well-differentiated thyroid carcinoma. We
analyzed the clinical features, effectiveness of our surgi-
cal approach, radioactive iodine (RAI) therapy, thyroxin
suppressive-substitutional treatment and long-term out-
come of our patients with review of the literature.

Materials and Methods

We enrolled 62 patients (14 boys and 48 girls) with
the mean age of 16.7 (range 7-21) years who were
treated at the Institute of Oncology and Radiology of
Serbia from 1981 to 2014. Age distribution of patients
is presented in Fig. 1.

The patients were divided into two groups: children
under or equal to 16 (24 patients) and adolescents over
16 (38 patients). The female to male ratio was 2:1 in
the children group, 5.3:1 in adolescent group and 3.4:1
as overall ratio. Median follow-up time was 10.9 years
(Table 1).

Two patients had history of neck irradiation. One
patient was diagnosed with papillary thyroid carcinoma
(PTC) at the age of 17, twelve years after diagnosis of
acute lymphoblastic leukemia for which was treated by
whole body irradiation with 12Gy at the age of 5 and
bone marrow transplantation at the age of 7. Another
patient was treated by chemotherapy and 25Gy exter-
nal radiotherapy due to Hodgkin’s lymphoma at the
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Fig. 1 Age distribution of patients
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age of 14, two years prior to diagnosis of PTC.

Patients were preoperatively staged according to
TNM classification and regular work-up included cer-
vical and abdominal echosonography, chest X-ray,
indirect laryngoscopy, and complete thyroid hormone
analysis including antibodies, thyroglobulin, calcito-
nin and parathyroid hormone. Chest computed tomog-
raphy (CT) scan was performed in cases of suspected
lung metastases. Five patients were preoperatively
diagnosed as PTC by fine-needle aspiration biopsy
(FNAD), while 11 by lateral neck lymph node surgi-
cal biopsy. Four patients were suspected to have pul-
monary metastases at initial clinical presentation which
were confirmed by CT scan and postoperative whole
body scan (WBS) with RAI (Table 2).

All patients underwent total thyroidectomy (TT)
or near TT. Central neck dissection (CND) was per-
formed in all cases of thyroid carcinoma. Modified
radical neck dissection (MRND) was performed after
intraoperative frozen section confirmation of malig-
nancy of non-palpable sentinel lymph nodes (SLN),
or in cases when metastases were confirmed by lateral
neck lymph node biopsy [12]. All patients underwent
postoperative WBS with 0.5-3mCi of RAI. Indications
for postoperative RAI ablation were extrathyroid car-
cinoma spread, lymph node metastases, and/or iodine
uptake more than 2% after WBS. All patients are on
lifelong L-thyroxin suppressive-substitutional therapy.

Statistical methodology
Fornormal distribution data testing, the Kolmogorov-
Smirnov and Shapiro-Wilk tests were used. Descriptive

Table 1 Patients characteristics, initial pulmonary metastases and

follow-up
Total C?élldg?n Ad(()1>elsg)ents
Patient characteristics
Sex
Male 14 (23%) 8 (33%) 6 (16%)
Female 48 (77%) 16 (67%) 32 (84%)
Age (years)
Mean (SD) 16.74 (3.83) 12.62 (2.41) 19.34 (1.63)
Median (Range) 17 (7-21) 13 (7-16) 20 (7-21)
Initial pulmonary mets
Without 58 (94%) 21 (88%) 37 (97%)
With 4 (6%) 3 (12%) 1 (3%)
Follow-up (years)
Mean (SD) 11.96 (7.70) 11.83 (8.38) 12.04 (7.35)
Median (Range) 10.9 (0.7-33.1) 10.1 (2.0 29.4) 11.2 (0.7 —33.1)
Total 62 (100%) 24 (100%) 38 (100%)
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methods of statistical analysis (frequencies, percent-
ages, mean, median, standard deviation [SD] and range)
were used to summarize the data. The statistical signif-
icance level was set at p<0.05. Pearson y” test, Fisher
Exact test and Wilcoxon rank sum test were used for
testing the differences between age groups. Curves of
probabilities for disease-free interval (DFI) and over-
all survival (OS) were constructed using the Kaplan-
Meier product-limit method. The Log-rank test was
used for testing differences between age groups for
DFI. Data analysis was performed using the statisti-
cal program R version 3.0.2 (2013-09-25) -- “Frisbee
Sailing”; Copyright (C) 2013; The R Foundation for
Statistical Computing Platform: i386-w64-mingw32/
1386 (32-bit); downloaded: 07.02.2014).

Results

Over 90% of our patients had one of the three clinical
presentations: palpable tumor in the thyroid gland, cer-
vical lymphadenopathy or both. Treatment strategy is
presented in Table 2. We have performed 44/62 (71%)
MRND: 18/24 (75%) in children and 26/38 (69%)
in adolescents (Pearson y> test; ¥>=0.31; p=0.58).
Bilateral MRND was performed slightly more often in
children (29%) than adolescents group (16%) but with-
out statistically significant differences (Table 2).

We had 8/62 (13%) patients with transitory hypocal-
caemia which was normalized during four postopera-
tive weeks and no patients had permanent hypocalcae-
mia. None of the patients had postoperative bleeding.
In one child we had to resect recurrent laryngeal nerve
due to infiltration of pT4a papillary thyroid carcinoma.

Over 96% of patients had PTC, one patient was diag-
nosed as follicular thyroid carcinoma (FTC) and one as
Hiirthle cell carcinoma based on the findings of capsu-
lar and vascular invasion. All patients were postopera-
tive staged according to pTNM classification (Table 3).
We have found that 71% of children and 63% of ado-
lescents had metastases in the central neck compart-
ment. The same percentage (71%) of children had
metastases in the lateral neck region in comparison to
66% in the group of adolescents. There was no statisti-
cally significant difference in frequency of central, lat-
eral or combination of the two between the age groups.
Multifocality and capsular invasion were significantly
more common in children (79% and 83%) than in ado-
lescents (32% and 45%) (both p<0.01; Table 3).

Forty two patients (68%) underwent postopera-
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Table 2 Treatment and follow-up

Total Children Adolescents

(=16) (>16)
Surgery
Thyroid
Total thyroidectomy 60 (97%) 24 (100%) 36 (95%)
Near total thyroidectomy 2 (3%) 0 (0%) 2 (5%)
CND 62 (100%) 24 (100%) 38 (100%)
SLN
No 33(53%) 15(62%) 18 (47%)
Yes 29 (47%)  9(38%)  20(53%)
MRND
No 18(29%) 6(25%) 12(31%)
Unilateral MRND 31 (50%) 11 (46%) 20 (53%)
Bilateral MRND 13 (21%) 7 (29%) 6 (16%)
RALI therapy
No 20 (32%)  6(25%) 14 (37%)
Yes 42 (68%) 18 (75%) 24 (63%)
No of RAI treatments
Mean (SD) 1.95 (1.56) 2.22(1.90) 1.75 (1.26)
Median (Range) 1(1-7) 1(1-7) 1(1-6)
Postoperative external RT
No 60 (97%) 23 (96%) 37 (97%)
Yes 2 (3%) 1 (4%) 1 (3%)
Total 62 (100%) 24 (100%) 38 (100%)

Table 3 pTNM classification and pathohistological characteristics
of thyroid carcinomas

ofs Children  Adolescents
Characteristic Total (<16) (>16)
Thyroid carcinoma type
PTC 60 (96%) 24 (100%) 36 (94%)
FTC 1 (2%) 0 (0%) 1 (3%)
Hurtle cell 1 (2%) 0 (0%) 1 (3%)
pTNM classification
pT
Tla 8(13%) 3 (12%) 5(21%)
T1b 22 (36%) 6 (25%) 16 (42%)
T2 12 (19%) 5 (12%) 7 (19%)
T3 13 (21%) 6(25%) 7 (19%)
T4 7(11%) 4 (17%) 3 (8%)
pN
pNO 17 27%) 6 (25%) 11 (29%)
pNla 3 (5%) 1 (4%) 2 (5%)
pN1b 42 (68%) 17 (71%) 25 (66%)
pM
MO 58 (94%) 21(88%) 37 (97%)
Ml 4 (6%) 3(12%) 1 (3%)
Multifocality
No 31 (50%) 5(21%) 26 (68%)
Yes 31 (50%) 19 (79%) 12 (32%)
Capsular invasion
No 25 (40%) 4 (17%) 21 (55%)
Yes 37 (60%) 20 (83%) 17 (45%)
Central lymph nodes
Negative 21 (34%) 7(29%) 14 (37%)
Positive 41 (66%) 17 (71%) 24 (63%)
Lateral lymph nodes
Negative 20 (32%) 7 (29%) 13 (34%)
Positive 42 (68%) 17 (71%) 25 (66%)
Central and lateral In
Negative 17 (27%) 6 (25%) 11 (29%)
Lateral+ 4 (6%) 1 (4%) 3 (8%)
Central+ 3 (5%) 1 (4%) 2 (5%)
Central&Lateral+ 38 (62%) 16 (67%) 22 (58%)
Total 62 (100%) 24 (100%) 38 (100%)
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tive RAI ablation therapy due to extrathyroid carci-
noma spread, lymph node metastases and/or iodine
uptake more than 2% after WBS. Five patients had
therapeutic RAI therapy due to pulmonary metasta-
ses. Median number of applied doses was 1.95 (range
doses: 30-100) mCi, and median cumulative dose was
175mCi. All patients are on lifelong L-thyroxin sup-
pressive-substitutional therapy. Two patients had post-
operative radiotherapy due to pT4a thyroid carcinoma.

Forty eight patients out of 58 (83%) without ini-
tial pulmonary metastases are still disease free, with
the median follow-up of 9.7 (range 1.98-33.05) years.
Other 10/58 (17%) patients without initial pulmonary
metastases developed local recurrence and one of them
at the same time developed pulmonary metastases. For
this subgroup, the median (range) for DFI and follow-
up were respectively 1.25 (0.25-12.33) years and 14.85

1
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Fig. 2 Disease free interval and overall survival in all patients

Table 4 Patients with locoregional recurrence - characteristics
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(0.69-29.41) years.

Median DFT in children, adolescents and both groups
combined is presented by Kaplan-Meier curves in Figs.
2 and 3. All patients are alive and there is no statisti-
cally significant difference in DFI between children and
adolescents (Log-rank test; y*;=0.157; p=0.691; Fig. 2).

In our series 11/62 (18%) patients had locoregional
recurrence and characteristics of these patients and
treatment strategy are given in Table 4. Five patients
(No. 2, 5, 6, 7 and 8) were not initially operated at our
Institute and were sent to our clinic after being diag-
nosed as local recurrence. In this subgroup of patients
all of them had initial tumor capsular invasion and 8/11
(73%) patients had extrathyroid tumor spread. After
surgical treatment all patients received RAI treatment.

One patient (No. 1) developed a recurrence in the
lymph nodes and soft tissues 148 months after ini-
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Fig. 3 Disease free interval in children and adolescents

Pts char. pTNM 1b;X'tra

Recurrence type RAl Timeto

o — Initial Surgery hyr Reop - relapse
Age Sex pT pN pM spréad Thyroid Bad Lateral neck No (months)
I. 11 F TTLCND,MRND 1b 1b No No MRND Tedpulm 5 g
2. 11 F TT, CND, MRND 4 1b Yes Yes CND, MRND bil + (pd) +(pd) 6 22
3. 13 M TT, CND, MRND 4 1b No Yes MRND + (pd) 3 11
4. 14 F TT, CND, MRND 3 1b No Yes MRND + (pd) 3 5
5. 17 F Near TT, MRND 2 Ib No No  CND, MRND contra lat. 4 4 4 38
6. 18 M TT 3 la No Yes CND, SLNB bil + 1 7
7. 18 F TT 3 1b No Yes CND, MRND + + 2 19
8. 19 F TT 4 1b No Yes MRND bil + + 1 20
9. 21 F TT,CND,MRNDbil 1b 1b No No MRND + (pd) 1 3
10. 21 M TT, CND, MRND 3 1b No Yes MRND + 3 11
1. 21 M TT,CND,MRNDbil 4 1b No Yes MRND + (pd) 3 29

* TT, total thyroidectomy; Near TT, near total thyroidectomy; CND, central neck dissection; MRND, modified radical neck dissection;

bil, bilateral; pd, previously dissected
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tial surgery of pT1bN1b PTC and after application
of one dose 60mCi of RAI. Pulmonary metastases
were detected on postoperative WBS and the patient
received two doses of RAI postoperatively (120mCi).

One patient (No. 2) out of four who had initial pul-
monary metastases developed recurrence in both cen-
tral and lateral, previously dissected neck compart-
ments, 22 months after initial surgery. Patient received
two doses of RAI (200mCi) before local recurrence
and 4 doses of RAI after reoperation (240mCi).

We have observed five recurrences in the thyroid
bed and 10 recurrences in the lateral neck region. All
thyroid bed recurrences were observed in patients not
initially operated in our hospital. Out of 5 patients
who had central neck recurrence, 4 patients (No. 5, 6, 7
and 8) did not have central neck dissection performed.
Patient No. 5 had thyroid bed recurrence 22 months
after central neck dissection performed in other institu-
tion. None of the patients operated in our institute had
thyroid bed recurrence. Out of 10 patients with lateral
neck recurrences, six were observed in previously dis-
sected neck regions. Four (No. 2, 6, 7, 8) out of ten
patients with lateral neck recurrence were not initially
operated at our institution (Table 4).

All patients who had reoperation due to local recur-
rence did not have recurrent disease again.

Initial pulmonary metastases were present in 4
patients and in one patient lung metastases were
detected 148 months after initial surgery. After surgi-
cal procedure, which for all of them included total thy-
roidectomy, central neck dissection and bilateral modi-
fied neck dissection all patients received RAI treatment
and lifelong L-thyroxin, thyroid-stimulating hormone
(TSH) suppressive therapy. All patients are alive and
have stable disease. Four out five patients with lung
metastases have thyroglobulin (Tg) level under 2ng/
mL after RAI therapy and are disease free. Only one
patient with pulmonary metastases has Tg level 67ng/
mL which remains stable after initial treatment with
two times 100mCi and seven times with low doses of
RAI (30mCi). Maximum dosage applied in one patient
was 440mCi (Table 4, patient No. 5). Median follow-
up for patients with initial pulmonary metastases is
12.43 (range 9.48-22.21) years.

Discussion

In this study we demonstrated our surgical experience
in treatment of thyroid carcinoma in children and adoles-
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cents. Thyroid carcinoma in pediatric population is rare
and it occurs almost ten times less frequent than in adult
population [2]. It is characterized by a higher recurrence
rate than in adult population and although it presents
often with initial distant metastases or advanced loco-
regional disease, the prognosis is surprisingly favorable.
Twenty four children and 38 adolescents were treated
over the 33-year period in a single institution with a
mean follow-up of 112 months. The overall female to
male ratio was 3.4:1 which is similar to other published
studies [11, 13, 14]. All our patients are alive.

One of the most described risk factors for develop-
ing differentiated thyroid carcinoma in childhood is
radiation exposure, particularly exposure to low doses
of head and neck irradiation (less than 30Gy) [15-
17]. The latency period between radiation exposure
and developing a thyroid carcinoma is between 10 and
20 years [18, 19], but after Chernobyl nuclear reactor
explosion in 1986, the latency period was significantly
shorter, 5 years [20-23].

In our series two patients were exposed to neck irra-
diation due to the treatment of acute lymphoblastic leu-
kemia and Hodgkin’s lymphoma with 12 and 25Gy
with the latency period of 12 and 2 years, respectively.

There is an ongoing discussion regarding the most
optimal treatment for this population of patients and
all conclusions and therapeutic strategies have been
formed based on retrospective data, small cohort stud-
ies and adult guidelines. There are no published ran-
domized prospective therapeutic trials yet [11, 14,
24-39]. Surgery of thyroid carcinoma in children var-
ies among institutions regarding the surgery on thyroid
gland and the lymph nodes. Many authors prefer pro-
cedures less than total thyroidectomy [13, 25, 40, 41].
Our surgical strategy is similar to the management of
adult differentiated thyroid carcinoma. Total or near
total thyroidectomy and central lymph node dissec-
tion were performed in all patients after rapid frozen
section confirmation of thyroid carcinoma. In a series
reported by Enomoto et al. [25] total thyroidectomy
was performed in 8%, by Wada et al. [41] in 25%, by
Hay et al. [13] in 38% and by Ito et al. [40] in 54% of
patients. The extent of surgery on central and lateral
lymph nodes also varies among series. In our series,
central lymph node dissection was performed in all
patients similar to the series reported by Ito et al., while
in other series it was not routinely performed [25].

In our study loco-regional recurrence was observed
in 18%, which is in accordance with other studies [25,
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33-41].

Indications for RAI treatment also vary in different
series. There is a striking difference among Western
countries and Japan where is some series [40] RAI was
applied only in the presence of pulmonary metastases.

As shown in Table 3, only one of 20 patients (5%)
with NO or Nla and three of 25 (12%) patients with-
out extrathyroid extension recurred. One might argue
that these patients could be defined as low-risk patients
and that our surgical approach is over-aggressive, but
four out of five central neck recurrences were observed
in patients who did not have CND. This justifies our
approach that total thyroidectomy and central neck dis-
section are mandatory due to the fact that thyroid bed
recurrences are potentially life threatening. This is the
only series in which sentinel lymph node biopsy has
been routinely applied for decision making for lateral
neck dissection [12].

We believe that our more extensive surgical approach
on the thyroid gland, central and lateral lymph nodes
is responsible for our institution relatively low recur-
rence rate of 10% which is significantly lower than in
other series [34]. In addition, none of our patients had
permanent postoperative hypocalcaemia or accidental
recurrent laryngeal nerve damage.

We claim that patients have a better outcome of local
disease control if operated by a high volume, experi-
enced thyroid surgeon, restating that the surgeon is a
factor of prognosis in surgical oncology [42].

Dzodic et al.

Conclusion

Well-differentiated thyroid carcinoma in children
and adolescents is characterized with high rate of loco-
regional aggressiveness, multifocality, capsular inva-
sion, lymph node metastases and distant metastases
at the time of diagnosis. Adequate surgical approach
should be performed by experienced surgical team in
both primary and recurrent disease in young patients
with well-differentiated thyroid carcinoma in order to
achieve loco-regional disease control, minimize post-
operative complications and accomplish longer dis-
ease-free survival.
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