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The overall prognosis in pediatric differentiated thyroid carcinoma
(DTC) is excellent. Recurrent disease is frequent, however, and
requires additional treatment. We analyzed the probability of recur-
rence, prognostic factors, treatment, and outcome of juvenile DTC.
Methods: Fifty-one DTC patients (32 girls and 19 boys; <20 y old;
mean age, 16.5 y) were treated with 3 (radioiodine, or radioactive
iodine [RAI]); the median follow-up was 10 y. Patients underwent
different initial treatments: 46 patients received total thyroidectomy
and RAI, 3 patients received total thyroidectomy, and 3 patients
received subtotal thyroidectomy. The probability of recurrence
and prognostic factors were tested with the Kaplan—-Meier method.
Results: Initially, 36 of 51 patients achieved complete remission, 14
of 51 achieved partial remission, and 1 of 51 had progressive dis-
ease. By the follow-up, 11 of 51 patients (21.6%) had developed
recurrent disease; the median appearance time was 4 y (range, 1-
15 y). The probabilities of recurrence were 16.7% at 5y, 22.3% at
10y, and 33.3% at 15 and 23 y after the initial treatments. Factors
that were strongly predictive of recurrence were age (P = 0.001),
initial treatment (P = 0.0001), and tumor multifocality (P = 0.011).
Sex, nodal metastases at presentation, distal metastases at pre-
sentation, histologic type of the tumor, T stage, and clinical stage
had no influence on relapse (P = 0.180, P = 0.786, P = 0.796, P =
0.944, P = 0.352, and P = 0.729, respectively). Patients with re-
current disease, partial remission, and progressive disease were
retreated, with either surgery or surgery and RAl, receiving cumu-
lative activities of up to 40 GBqg. The overall outcome in our patients
was excellent: 90.2% complete remission, 3.92% partial remission,
1.96% stable disease, 1.96% disease-related death, and 1.96%
another cause of death. Conclusion: Younger age at diagnosis,
less radical primary surgery without subsequent RAl, and tumor
multifocality are factors that are strongly prognostic for recurrence.
For reducing the rate of relapse and improving surveillance for re-
current disease, total thyroidectomy followed by RAI appears to be
the most beneficial initial treatment for patients with juvenile DTC.
The use of RAI seems to be safe, with no adverse effects on sub-
sequent fertility and pregnancy or secondary malignancy.
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J uvenile differentiated thyroid carcinoma (DTC) (specifically,
papillary thyroid cancer [PTC] and follicular thyroid cancer) is
a rare malignancy, accounting for 0.5%—3% of childhood carci-
nomas (/). As one of the most common endocrine neoplasms, it
occurs with incidences of 1% in prepubertal children and 7% in
adolescents (2). The Serbian Cancer Registry reported 42 newly
diagnosed cases of DTC in patients 19 y old or younger between
1999 and 2010, with a female-to-male ratio of 3.7:1 (3,4).

DTC in childhood presents with aggressive clinical findings;
60%—-80% of patients have cervical nodal involvement, often as-
sociated with distant metastases but without an overall increase in
mortality compared with that in adults (5-8). The risk for cancer
relapse, however, is high, with more frequent local recurrent disease
in children than in adults. Recurrence in cervical lymph nodes
requires surgical intervention, with the potential risk of postsurgical
complications (9-11). Despite the high recurrence rate, juvenile
DTC has an overall favorable outcome and prognosis (10,12).

The aim of this study was to analyze the probability of recurrence,
prognostic factors, treatment, and outcome of juvenile DTC.

MATERIALS AND METHODS

Patients

From January 1977 through December 2012, 1,502 DTC patients
were treated with 13'I (radioiodine, or radioactive iodine [RAI]) at the
Oncology Institute of Vojvodina, Sremska Kamenica, Serbia; 53 of the
DTC patients were juvenile patients. The medical records of 51 patients
(32 girls and 19 boys; mean age, 16.5 y; SD, 3.7 y; range, 7-20 y)
without a history of prior radiation were retrospectively reviewed. Stag-
ing for all patients was done in accordance with the International Union
Against Cancer-TNM classification system (/3). The institutional
ethics board approved this retrospective study, and the requirement to
obtain informed consent was waived.

Treatment

Surgical Treatment. Because there was no consensus in Serbia,
surgical treatments for patients differed among hospitals. The decision
to perform lymph node dissection and the extent of the lymph node
dissection were based on the surgeon’s judgment at the time. The
average time for ablation was 6—8 mo after the primary surgical pro-
cedure. Patients receiving RAI therapy more than 8 mo after the pri-
mary surgical procedure were classified as having total thyroidectomy
(TTx) or subtotal thyroidectomy (STTx). Ten patients were initially
treated with TTx, RAI, and lymph node dissection at the Oncology
Institute of Vojvodina.

Ablation with RAL The Oncology Institute of Vojvodina was the
only facility in Serbia treating DTC with RAI through 2006. RAI
ablation was administered 4 wk after withdrawal of L-thyroxine (T4)
therapy. In prepubertal children, activity was administered on a weight

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 55 ¢ No. 5 « May 2014


mailto:jasnans@eunet.rs

basis (50-100 MBq/kg). However, activity administered after puberty
ranged from 3.7 to 7.4 GBq (3.7 GBq of 3' was used for ablation in
patients without nodal or distal metastases [NOMO]; 5.55 GBq of '3'I
was used in patients with regional and distal metastases [N1MO/
NIM1])).

Follow-up. The median follow-up was 10 y (range, 1-30 y). All
patients received L-thyroxine treatment at suppressive doses and were
regularly monitored every 3 mo during the first year, every 6 mo during
the next 5y, and yearly thereafter. Monitoring included clinical exam-
ination, neck ultrasonography, and laboratory testing for thyroglobulin
(Tgb), Tgb antibodies, free triiodothyronine, and thyroid-stimulating
hormone levels. From 1977 to 2006, Tgb levels were determined with
a radioimmunoassay; the normal level after TTx was less than 5 pg/L.
After 2006, an electrochemiluminescence immunoassay (Roche) was
introduced; with this test, the normal level was less than 1.00 ng/mL.

A 13T whole-body scan (WBS) with 111 MBq was performed ap-
proximately 1 y (8-12 mo) after the initial RAI therapy. Successful
ablation was confirmed by the absence of pathologic uptake of 3'T
and by an undetectable level of Tgb (<1 ng/mL). Additional RAI was
administered if there was evidence of pathologic activity on the '3'I
WBS or if there was a persistent elevation of the Tgb level during
suppressive therapy.

Patients were classified as having complete remission (no evidence
of disease), partial remission (decrease in number of sites and intensity
of radioiodine uptake on '3'I WBS combined with decreasing Tgb
levels), recurrent disease (appearance of disease in any patient who
had been free of disease for at least 4 mo), progressive disease (eleva-
tion of Tgb levels or increased lesion size or sites), or stable disease (no
apparent change in tumor size or sites or Tgb levels).

Patients classified as having recurrent neck disease underwent
ultrasound examination and fine-needle aspiration, and the tissue
cytology was identified. Patients for whom relapse was confirmed
underwent additional surgery (tumor removal or lymphadenectomy) or
additional radioiodine therapy (activity of 5.55 GBq). In patients with
a partial response or progressive disease in the lungs, additional RAI
was administered as necessary at follow-up. Whole-body or blood
dosimetry calculations were not performed for any radioiodine
treatment for persistent or recurrent disease.

Statistical Analysis

The probability of recurrence and the influence of prognostic factors
were estimated with the Kaplan—-Meier method. The significance of
differences was analyzed by use of the log-rank test with statistical
software (SPSS version 13; SPSS Inc.). A P value of less than 0.05
was considered significant.

RESULTS

Demographics, Histology, and Clinical Presentation

Demographics, histology, and clinical presentation are shown
in Table 1. Patients who were 16-20 y old and those with PTC
represented the largest groups of patients (63% and 86%, respec-
tively); the female-to-male ratio was 1.7:1, and tumor multifocal-
ity appeared in 23.5% of patients. At presentation, 69% of patients
had regional lymph node metastases and 13.7% of patients had
distant metastases associated with regional metastases.

Initial Treatment and Follow-up

Initial treatments and responses are shown in Table 2. Patients
were divided into 3 groups: group 1 had 46 patients (1 of whom
had external-beam radiation therapy [EBRT]), who received TTx
and RAI; group 2 had 2 patients, who received TTx (no RAI); and
group 3 had 3 patients, who received STTx (no RAI). Of the 51
patients, 29 received RAI only once. Three patients of these 29
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TABLE 1
Demographics, Histology, and Clinical Presentation for
51 Patients
Characteristic No. of patients Percentage of patients
Sex
Female 32 60.8
Male 19 39.2
Total 51 100.0
Age
8-10y old 3 5.9
11-15y old 16 31.4
16-20 y old 32 62.7
Total 51 100.0
Histology
Papillary 48 941
Follicular 3 5.9
Total 51 100.0
TNM
T
™ 4 7.8
TX(m)* 1 2.0
Total TX 5 9.8
T1a 4 7.8
T1a(m)* 2 3.9
T1b 4 7.8
T1b(m)* 2 3.9
Total T1 12 23.4
T2 14 27.5
T2(m)* 3 5.9
Total T2 17 33.4
T3 5 9.8
T3(m)* 0 0
Total T3 5 9.8
T4a 8 15.7
T4a(m)* 3 5.9
T4b 1 2.0
T4b(m)* 0 0
Total T4 12 23.6
All T patients 51 100.0
N
NO 17 33.3
N1a 8 15.7
N1b 26 51.0
All N patients 51 100.0
M
MO 44 86.3
M1 7 13.7
All M patients 51 100.0
Clinical stage
| 44 86.3
Il 7 13.7
Total 51 100.0

*m = tumor multifocality.

initially underwent STTx but relapsed during follow-up; after the
recurrence appeared, they were retreated with TTx followed by
RAI After the initial treatment, different responses were detected
in the patients: 31 patients (including 6 patients with recurrent
disease) achieved complete remission, 14 patients achieved par-
tial remission, and 1 patient had progressive disease. Eleven
patients (21.6%) had relapses during the follow-up period. In
retreated patients, RAI was repeated once in 12 patients, twice
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TABLE 2
Initial Treatments and Responses for 51 Patients

No. of patients with following
response to initial treatment:

No. of Complete Partial Progressive No. of patients with
Initial treatment patients remission remission disease recurrent disease*
Group 1
TTx + RAI 17 14 3 0 0
TTX + CLND + RAI 23 12 10 1 5
TTx + CLND + EBRT + RAI 1 1 0 0 1
TTx + MLND + RAI 1 1 0 0 0
TTx + CLND + MLND + RAI 4 3 1 0 0
Total 46 31 14 1 6
Group 2
TTx + CLND 2 2 0 0 2
Group 3
STTx
LO + CLND + MLND 1 1 0 0 1
TUM 1 1 0 0 1
PT 1 1 0 0 1
Total 3 3 0 0 3

*Recurrent disease was disease appearing during follow-up, after remission was achieved in patients who were treated with TTx and
RAI or after several years in patients who underwent less intensive initial treatment (TTx or STTx).
LO = lobectomy; TUM = tumorectomy; PT = partial thyroidectomy.

in 3 patients, 3 times in 2 patients, 4 times in 3 patients, 5 times in
1 patient, and 9 times in 1 patient; total cumulative activities were
7.4-35.25 GBq.

Recurrent Disease

Recurrent disease was observed in 6 patients who initially
received TTx and RAI (plus cervical lymph node dissection
[CLND] in 5 patients and plus CLND and EBRT in 1 patient), in 2
patients who received TTx (plus CLND), and in 3 patients who
received STTx (plus CLND and MLND) (Table 3).

The median time of recurrence was 52 mo (range, 12—-180 mo).
The probabilities of recurrence were 16.7% at 5y, 22.3% at 10y,
and 33.3% at 15 and 23 y after the initial treatment (Fig. 1). Re-
currence was significantly influenced by age, initial treatment, and
tumor multifocality (P = 0.001, P = 0.0001, and P = 0.011,
respectively) (Figs. 2, 3, and 4, respectively). However, no signif-
icant difference was associated with the following prognostic fac-
tors: sex, nodal metastases at presentation, distal metastases at
presentation, histologic type of the tumor, T stage, and clinical
stage (P = 0.180, P = 0.786, P = 0.796, P = 0.944, P = 0.352,
and P = 0.729, respectively). Recurrent disease was detected in the
thyroid bed on 2 occasions in 1 patient. A second recurrence also
involved bilateral cervical lymph nodes. Metastatic cervical lymph
nodes alone occurred in 5 patients (2 unilateral and 3 bilateral;
distant sites in 3 patients [lungs] and combined sites in 2 patients
[lungs and brain; cervical lymph nodes and lungs]) (Table 3). Re-
currence occurred twice, after 4 and 12 y, in 1 patient and after 7,
22, and almost 25 y (after initial complete remission was achieved)
in another patient. Additional treatments in 11 patients with re-
currence included surgery or surgery followed by RAI, as recom-
mended by the Tumor Board (Table 3). The cumulative activities in
patients with relapse were 3.7-40 GBq of '3'I.

One patient (patient 2; Table 3) merits special mention (Figs. 5
and 6). At age 8, she underwent surgery and EBRT (115 Gy to the
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neck and 4 doses of 13'T). She presented at the Oncology Institute
of Vojvodina 6 y later with lung metastases and was treated with 6
more doses of '3 (for a total of 10 doses [40 GBq] over several
years). Although she had evidence of early pulmonary fibrosis, she
received the last 2 radioiodine treatments. She lived 11 more years
without clinical disability and had 2 complete pregnancies. In sum-
mary, she lived 24 y after the initial diagnosis and died recently of
recurrent brain metastases.

Outcome

The patients’ status after the initial treatments and the final
outcomes are shown in Table 4. During the follow-up period, 25
of 36 patients with initial complete remission did not relapse.
Another 14 patients with initial partial remission were retreated;
12 patients achieved complete remission, 1 patient achieved partial
remission (Tgb, 3.6 ng/mL, on L-thyroxine therapy), and 1 patient
had stable disease (Tgb, 2.6 ng/mL, on L-thyroxine therapy). A
patient with progressive disease achieved complete remission.
One patient with complete remission died from another cause of
death. Nine of 11 patients with relapse achieved complete remis-
sion, 1 patient achieved partial remission (Tgb, 4.6 ng/mL on LT4
therapy), and disease-related death occurred in 1 patient. Among all
studied patients, complete remission was achieved in 46 patients,
partial remission was achieved in 2 patients, 1 patient had stable
disease, disease-related death occurred in 1 patient, and another
cause of death occurred in 1 patient. Eleven female patients (cumu-
lative activity, 3.7-40 GBq of '3'I) ultimately had children (8 de-
livered 2 children, and 3 had 1 child); complete remission was
achieved in 9, partial remission was achieved in 1, and disease-
related death occurred in 1.

DISCUSSION

In the absence of exposure to external radiation, thyroid cancer is
rather infrequent in patients 20 y old or younger (2%—10%) (14—16).
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FIGURE 1. Probability of recurrence.

In our experience, there was a 3.5% incidence of juvenile DTC, and
recurrent disease was detected in 22% of patients. These data cor-
relate with previously reported recurrence rates of 19%-24%
(10,15,16). However, wider ranges (11%-32%) have been reported
(12,17-21), as have ranges as high as 39%-46% (5,22,23).

Our results indicated that 3 predictive factors significantly
increased the risk of recurrent disease (either local, regional, or
distant recurrent site): age, tumor multifocality, and initial
treatment. It was reported previously that age at diagnosis is
a strong predictor of cancer relapse (/1,16,20,24). Demidchik et al.
(20) studied 740 children and found that age and multifocality
strongly affected recurrent nodal disease, findings that correlate
with our results. Enomoto et al. (/6) studied 142 pediatric patients
with DTC, with a median follow-up of 22 y, and reported that an
age of less than 16 y was a risk factor for recurrent disease, in
addition to a familial history of thyroid cancer, tumor size, large
lymph node metastases, extranodal invasion, and initial distant
metastases. Other authors have reported that younger children
have a higher risk of relapse (25-27). In the present study, patients
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FIGURE 2. Influence of age on probability of recurrence. Data are for

patients aged 8-10 y, patients aged 11-15y, and patients aged 16-20y.
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ablation (TTx+RAl).

in group 1 (<10 y old) had the worst prognosis; all relapsed. The
probabilities of recurrence after 5 y were 66.7% in group 1, 14.4%
in group 2, and 12.7% in group 3. In group 2, the probabilities of
recurrence after 10 and 15 y were 23% and 48.7%, respectively; in
group 3, the probability of recurrence at 10, 15, 20, and 23 y after
the initial treatment was 12.7%. The difference in the probabilities
of recurrence between patients in group 1 and patients in group 3
was highly significant (P = 0.001). Nevertheless, some authors
have reported that age is not a significant risk factor for recurrent
disease (19,28).

Another factor that was strongly predictive of recurrent disease
was the type of initial treatment. Patients who underwent TTx and
RAI had a lower probability of recurrence than those who initially
underwent less intense therapy (STTx) (P = 0.0001). Although
there is some controversy about the influence of the extent of
initial treatment on recurrence in juvenile DTC (9,19,20,29), our
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FIGURE 4. Influence of tumor multifocality on probability of recur-

rence. Data are for patients with multifocal tumors (TM+) and patients
without multifocal tumors (TM-).
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FIGURE 5. 3" WBS of posterior chest after treatment. Thyroid-stimulating
hormone level was 40 mU/L, and Tgb level was 850 pg/L. 14-y-old girl was
seen 6 y after initial diagnosis of juvenile papillary thyroid carcinoma.
She had been treated with surgery, EBRT (115 Gy), and 4 doses of 131].

results confirmed that TTx followed by RAI reduced the risk of
relapse; 67.4% of patients who initially underwent TTx followed
by RAI (group 1) achieved complete remission, 30.4% achieved
partial remission, and 2.2% had progressive disease. During the
follow-up period, recurrence developedin 11 of 51 patients (21.6%)
(6/11 patients in group 1 and 5/11 patients in groups 2 and 3).

Other authors have reported that the extent of initial surgical
treatment is a predictive factor for recurrence. Jarzab et al. (27)
showed that TTx was associated with 97% recurrence-free sur-
vival, whereas lobectomy resulted in 59% and 85% recurrences
after 5 and 10 y, respectively. Treatment with less than TTx
increased the risk of relapse by a factor of 10. In addition, sub-
sequent RAI strongly affected the relapse rate, decreasing the
relative risk of recurrence by a factor of 5. Popovtzer et al. (/8)
concluded that TTx led to a significantly lower recurrence rate
(7.5%) than hemithyroidectomy (38%) (P < 0.005). Nevertheless,
some authors have reported no relationship between the extent of
surgery and the recurrence rate (9,24,30).

Recurrent disease is frequent in multicentric PTC (/1,29,31).
Some authors have found that tumor multifocality increases the
risk of regional recurrence, metastases, and poor outcomes (37). In
a series of 1,682 PTCs, patients with multifocal tumors had a sig-
nificantly higher recurrence rate than those with unifocal tumors
(20.2% vs. 13%; P = 0.0008) (31). These data are consistent with
our results, which indicated that tumor multifocality is a third
predictive factor that significantly influences the probability of
recurrence (P = 0.011).

In our series, lymph node involvement at presentation was
observed in 69% of patients. However, there was no correlation
between lymph node metastases at presentation and risk of
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recurrence. This finding is consistent with 1 previous report (22)
but not with others (28,30,32). Some authors have reported a lower
or higher incidence of initial lymph node involvement, ranging
from 40% to 80% (5,12,17,18,20,22,32,33). In contrast, La Qua-
glia et al. (34) detected initial nodal involvement in 90% of
patients who presented with distant metastases. Lung metastases
were diagnosed initially in 14% of our patients; this finding cor-
relates with the previously reported rate of 15% (5,35). There are
other studies with discordant rates, such as the low rate of 2.3%
(20), 6%-25% (8,10,12,15,18,20,21,23,35), and the high rate of
40% (21).

Overall, thyroid cancer in children and adolescents has an
excellent prognosis, with 97%-99% survival at 10 y (15,18,20)
and 90%-95% survival at 20y (7,9,18,36). Moreover, Hogan et al.
(8) reported 90% survival at 30 y, and Hay et al. (/2) detected 98%
survival at 30-50 y after surgery. In agreement with those data,
excellent disease-specific survival (98%) during the follow-up pe-
riod (1-30 y) was found in the present study. Other authors have
reported no disease-related deaths (5,27,22,30). Recurrence-free
survival rates of 70%—80% and 73% at Sy (10,15,21,34,37) and
10 y (15), respectively, have been reported. In the present study,
slightly longer recurrence-free survival rates were found: 83.3% at
5y,77.7% at 10y, and 66.7% at 15 and 23 y after initial treatment.

The overall outcomes in our patients were excellent: 90.2%
achieved complete remission, 3.92% achieved partial remission,
1.96% had stable disease, disease-related death occurred in 1.96%,
and another cause of death occurred in 1.96%. In agreement with
our results, Chazot et al. (30) reported that 90% of patients achieved
remission after a median follow-up of 5 y, whereas Giuffrida et al.
(5) reported poorer results (79% of patients achieved complete
remission and 21% had residual disease).

Optimal surgical treatment and subsequent RAI are still consid-
ered controversial and remain a matter of discussion. Because
thyroid carcinoma spreads in an intraglandular manner and can

FIGURE 6. '3'I WBS of anterior chest after diagnostic 13"l dose (thy-
roid-stimulating hormone level, 45 mU/L; Tgb level, 13 pg/L) of same
patient as in Figure 5 but 2 y later.
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TABLE 4
Final Outcomes for 51 Patients

Final outcome

Living patients (n = 49)

Lethal outcome (n = 2)

Patient status after initial No. of Complete Partial Stable Disease-related Other cause of
treatment patients remission remission disease death death
Complete remission 25 24 0 0 0 1
Recurrent disease 11 9 1* 0 1 0
Total 36 33 1 0 1 1
Partial remission 14 12 1t 1# 0 0
Progressive disease 1 1 0 0 0 0
Total 51 46 2 1 1 1

*Tgb level with thyroid-stimulating hormone suppression was 4.6 ng/mL.
TTgb level with thyroid-stimulating hormone suppression was 3.6 ng/mL.
Tgb level with thyroid-stimulating hormone suppression was 2.6 ng/mL.

show multifocality, thyroid remnants are at risk for local relapse.
Some authors have suggested a radical surgical approach as the
initial surgical treatment performed by highly experienced surgeons
(5,22). Enomoto et al. (16) suggested that RAI should be used only
in patients with large lymph nodes and distant metastases at diag-
nosis. Treatment with TTx, lymph node dissection, and RAI is con-
sidered appropriate for preventing recurrence (/8,20,21,36). Chow
et al. (38) reported that RAI reduced the risk of both locoregional
and distant recurrences. They did not detect secondary malignancy
or impairment of fertility and pregnancy outcomes. In contrast, Hay
et al. (12) found no statistically significant difference between sur-
vival after surgery alone and survival after surgery followed by RAI.
Our data support the conclusion that TTx (with lymph node
dissection, if necessary) followed by RAI will prevent relapse or
decrease the relapse rate. There were no adverse effects in
subsequent pregnancies in patients treated with RAI. Eleven female
patients (22% of all treated patients) subsequently had children.
Despite the high cumulative activity in some patients, secondary
malignancy was not detected as long as 30 y after treatment.

CONCLUSION

Younger age at diagnosis, tumor multifocality, insufficient
primary surgery, and lack of radioiodine ablation are risk factors
for recurrent disease in juvenile DTC. TTx followed by RAI
appears to be an appropriate initial treatment. Recurrent disease
should be treated with surgery or radioiodine treatment until
remission. Both initial treatment with radioiodine and retreatment
with radioiodine are safe, with no adverse effects on fertility or
secondary malignancy.
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