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Abstract
Purpose In pediatric patients with differentiated thyroid cancer (DTC), the risk of recurrence is high and the indication for
postoperative 131I administration is still debated. The aim of this study was to assess the outcome in low and intermediate
risk pediatric DTC patients.
Methods We retrospectively evaluated 45 pediatric patients with low or intermediate risk DTC, treated with surgery and 131I
between 1992 and 2002 and with no detectable antithyroglobulin (Tg) antibodies. Follow-up was performed every
6–12 months with Tg blood level determination and imaging procedures.
Results During follow-up (64 ± 53 months), 15 events occurred (33% cumulative event rate, with an annual event rate of 5%
person years). Five of these patients were submitted to additional surgery and all these 15 patients underwent a second 131I
treatment course. All patients were alive at the end of the follow-up. Structural persistent disease occurred more frequently in
patients at intermediate risk (p < 0.01) and in those with Tg values after thyroid hormone withdrawal >10 ng/ml before 131I
therapy (p < 0.01). At multivariate analysis, only a postoperative thyroid stimulating hormone-stimulated Tg level >10 ng/ml
was an independent predictor of persistent disease.
Conclusions In pediatric patients with DTC, postoperative high stimulated Tg values (>10 ng/ml) should be taken into
account for deciding the extent of both initial treatment and follow-up.
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Introduction

Differentiated thyroid cancer (DTC) is rare in children,
being discovered in 2–3/million children/year in whom it
accounts for 21% of all head and neck tumors [1, 2].
Children typically present with advanced disease with large
thyroid tumors with frequent extension beyond the thyroid
capsule, extensive regional nodal involvement, and distant
metastases usually in lungs are more frequently observed
than in adult patients [3]. Recurrences are frequent in

particular in younger patients [4, 5]. Metastases are usually
highly radio-active iodine (RAI) avid with an excellent
response to 131I therapy. Overall survival is 98% at 20
years, but cancer related death may occur 30–40 years or
even more after initial treatment [6].

According to the American Thyroid Association (ATA)
pediatric guidelines [7], postsurgery findings permit the
classification of patients as low, intermediate, or high
recurrence risk. An improved overall survival and a lower
recurrence rate were reported in patients with advanced
DTC who received postoperative RAI therapy [7]. How-
ever, the role of RAI has not currently been fully clarified in
pediatric patients at low or even intermediate risk of
recurrence.

The aim of this study was to assess the risk of structural
persistent disease in pediatric DTC patients with low and
intermediate ATA risk, after an initial treatment with sur-
gery and RAI.
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Materials and methods

Study population

We retrospectively evaluated the 69 pediatric DTC patients
(age < 18 years) who were referred to our center between
1992 and 2002. All patients underwent a total thyr-
oidectomy, with central and/or lateral neck dissection in 56
(81%) of them. Postoperative histopathological data were
collected including tumor histology, tumor size, extra-
thyroid extension, multifocality, and lymph node involve-
ment. After surgery, and before RAI administration, patients
were classified according to the ATA pediatric guidelines as
low risk (disease grossly confined to the thyroid with N0 or
Nx disease or patients with incidental N1a metastasis),
intermediate risk (extensive N1a or minimal N1b disease) or
high risk (extensive N1b disease or T4 tumor with gross
tumor extension beyond the thyroid capsule, with or with-
out distant metastasis) [7]. In order to consider central (N1a)
and lateral (N1b) nodal involvement as extensive, we used
the number and size of lymph nodes, for N1a > 5 or >0.2 cm
and for N1b > 10 or ≥3 cm, according to the ATA adult
guidelines [8, 9]. Before RAI administration, L-thyroxine
was discontinued for 20–30 days and until thyroid stimu-
lating hormone (TSH) level increased over 30 mIU/l. At that
time, a neck ultrasound was performed, serum thyr-
oglobulin (Tg) and Tg-Antibodies (Tg-Ab) concentrations
were measured and 131I was administered. The therapeutic
131I activity was adjusted to the disease stage and ranged
from 37 to 111 MBq/Kg body weight. Five to seven days
later, a posttherapy whole-body scan (WBS) was
performed.

Serum Tg and TSH were determined by Immunite
immunoassay (Siemens Healthcare Diagnostics,) with sen-
sitivities of 0.2 ng/ml and 0.03 mIU/l, respectively. Tg-Ab
were detected by Quanta Lite enzyme-linked immunosor-
bent assay (Inova Diagnostics).

Follow-up

Patients were followed every 6–12 months with serum Tg
determinations (on L-thyroxine and in some patients off
L-thyroxine therapy) and with imaging procedures as
appropriate. Disease status was recorded at each evaluation.
Disease-free survival was measured from the date of sur-
gery to the first observation of structural disease persistence
[8, 10] or additional therapy (i.e., RAI or surgery). Struc-
tural disease persistence was defined by histology or ima-
ging procedures; suspicious nodal abnormalities at neck
ultrasonography were confirmed by fine needle aspiration
cytology, histology, or the presence of RAI uptake; uptake
in the thyroid bed at posttherapy WBS was considered
structural disease when it corresponded to abnormal

findings at neck ultrasonography and fine needle biopsy
[11]. Patients last known to be alive and disease free were
censored at the date of last contact.

Statistical analysis

Continuous data are expressed as mean ± standard deviation
and categorical data as percentage. Student’s two-sample t
test and χ2 test were used to compare the differences in
continuous and categorical variables, respectively.
Annualized event rate (AER), expressed as % person years
was calculated as the cumulative number of events divided
by person time at risk. The maximum value of the Youden
index J was used as a criterion for selecting the optimum
cut-off point for Tg on receiver operating characteristic
(ROC) curves [12]. Hazard ratios with 95% confidence
intervals (CI) were calculated by univariate and multivariate
Cox regression analysis. Variables showing a p value < 0.05
at univariate analysis were considered for multivariate
analysis. Disease-free survival analysis was performed
using the Kaplan–Meier method and log-rank test. Statis-
tical analysis was performed with Stata 12 software (Sta-
taCorp, College Station, TX, USA).

Results

Data from 69 patients aged less than 18 years at initial
treatment were recorded. We excluded 15 patients, 8 with
positive serum anti-Tg antibody that might induce falsely
negative serum Tg determination and 7 who were classified
postoperatively as ATA high risk for T4 disease in 2 and for
extensive N1b disease in 5. Moreover, among these seven
patients three had lung metastases that were known at the
time of surgery and four had lung metastases that were
discovered at posttherapy WBS.

Of the 54 patients, follow-up was not available in 9
(17%) patients, leaving 45 subjects who formed the basis
for the analysis (Table 1). Mean follow-up time was 64 ±
53 months (range 9–205 months). During follow-up,
15 structural events occurred (33% cumulative event rate,
with an AER of 5% person years). Five of these patients
were submitted to additional surgery for nodal disease
evidenced by neck ultrasound in sites previously involved
(two with N1a and three with N1b disease at diagnosis).
The other ten patients underwent a second RAI treatment
course for structural disease in the neck that was located in
the thyroid bed in four patients and in both lymph nodes and
thyroid bed in the other six (Table 2). At initial posttherapy
WBS, one patient had no detectable neck uptake and
experienced a lymph node recurrence during follow-up. The
other 44 patients had high neck uptake, indicating the pre-
sence of large postoperative residues of thyroid tissue. In 38
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Table 1 Baseline characteristics
according to the occurrence
of events

All patients
(n= 45)

Event (n= 15) No event (n= 30) p value

Age (years) 16 ± 2 15 ± 3 16 ± 2 0.18

Age ≤ 14 years, n (%) 15 (33) 8 (53) 7 (23) <0.05

Age > 14 years, n (%) 30 (67) 7 (47) 23 (77) <0.05

Male gender, n (%) 13 (29) 5 (33) 8 (27) 0.64

Low risk, n (%) 24 (53) 3 (20) 21 (70) <0.01

Intermediate risk, n (%) 21 (47) 12 (80) 9 (30) <0.01

Papillary type, n (%) 43 (96) 13 (87) 30 (100) 0.09

Tumor size >2 cm, n (%)a 26 (58) 11 (73) 15 (50) 0.13

Neck dissection, n (%) 35 (78) 13 (87) 22 (73) 0.31

Lymph node involvement, n (%)b 34 (76) 13 (87) 21 (70) 0.22

Time interval surgery/RAI
therapy (days)

136 ± 150 121 ± 110 143 ± 167 0.64

Administered 131I activity (MBq/Kg) 80 ± 27 84 ± 21 78 ± 29 0.43

Pre-therapy Tg off (ng/ml) 36 ± 70 82 ± 21 13 ± 18 <0.001

Neck uptake at WBS, n (%) 44 (98) 14 (93) 30 (100) 0.15

Data are presented as mean ± SD or number and percentage (%)

Tg thyroglobulin, WBS posttherapy whole-body scan, off off L-thyroxine therapy, before the postoperative
administration of 131I
aOnly one patient had minimal tumor extension beyond the thyroid capsule
b% of the patients who underwent an initial lymph node dissection

Table 2 Characteristics of patients with structural events

Initial
treatment

pTNMa Recurrence
site

Recurrence
treatment

Final clinical statusb

TT ND T1 T2 T3 T4 N0 N1a N1b ND RAI
therapy

Excellent
response

Biochemically
incomplete response

Structurally
incomplete response

1 + − + − − − + − − TB − + + − −

2 + − + − − − + − − TB − + + − −

3 + + + − − − − + − LN + − + − −

4 + + + − − − − + − LN + − + − −

5 + + − + − − − + − TB − + − + −

6 + + − + − − − + − TB − + − + −

7 + + − + − − − − + LN + − + − −

8 + + − + − − − − + LN + − + − −

9 + + − + − − − − + TB+ LN − + + − −

10 + + − + − − − − + TB+ LN − + − + −

11 + + − − + − − + − TB+ LN − + − + −

12 + + − − + − − + − TB+ LN − + − + −

13 + + − − + − − − + TB+ LN − + − + −

14 + + − − + − − − + LN + − − + −

15 + + − − +c − − − + TB+ LN − + − − +

TT total thyroidectomy, ND neck dissection, TB thyroid bed, LN lymph nodes
aSee Ref. [20]
bAccording to references [8] and [12]
cMinimal tumor extension beyond thyroid capsule
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of these 44 patients, there was no suspicious finding at
initial neck ultrasound; of these 38 patients, 8 had a neck
recurrence during follow-up, 4 only in the thyroid bed, and
4 in both the thyroid bed and lymph nodes. The other six
patients with neck uptake at initial WBS had suspicious
lymph nodes at initial neck ultrasound and two had a neck
recurrence in both the thyroid bed and lymph nodes and
four had a recurrence only in lymph nodes. No patient had
lung uptake at posttherapy WBS. All these 15 patients were
alive at the end of the follow-up, 7 with no evidence of
disease who were classified as excellent response, 7 with
detectable serum Tg on L-T4 treatment (range: 4–17 ng/ml)
who were classified as biochemically incomplete response
and 1 with persistent structural disease who was classified
as structurally incomplete response. Among the 30 patients
who had no structural recurrence during follow-up, 26 had
an excellent response and 4 a biochemical incomplete
response (range of Tg levels: 1.4–2.3 ng/ml).

Predictors of events

The rate of structural events was significantly higher in the
21 patients at intermediate risk compared with those 24 at
low risk (cumulative event rate 57% vs. 12% and AER 11%
vs. 1.5%, both p < 0.01). The risk of recurrence was higher
in younger (≤14 years) (n= 15) than in older (n= 30)
patients, but this difference was not statistically significant
at univariate analysis (cumulative event rate 53% vs. 23%
and AER 8% vs. 3%, both p= 0.07). Using ROC curve
analysis, TSH-stimulated Tg value >10 ng/ml before post-
operative RAI therapy was identified as the best trade-off
between sensitivity (93%) and specificity (73%) in pre-
dicting the occurrence of events. The 22 patients with a
TSH-stimulated Tg > 10 ng/ml (median 37; range
12–260 ng/ml) before the postoperative RAI therapy
showed a higher rate of structural events as compared with
those 23 with a serum Tg level ≤ 10 ng/ml (median 2; range

0.2–10 ng/ml) (cumulative event rate 64% vs. 13% and
AER 15% vs. 0.5%, both p < 0.01) (Fig. 1).

At multivariate analysis, the only independent significant
prognostic factor of structural recurrence was a serum TSH-
stimulated Tg level >10 ng/ml at the time of the post-
operative RAI (p < 0.001) (Table 3 and Fig. 2). ATA risk
category was not independently significant. Figure 3 illus-
trates a higher risk of structural recurrence in patients with a
serum Tg level >10 ng/ml in both ATA risk and age cate-
gories (both p for trend <0.001).

Discussion

In this retrospective study of pediatric DTC patients with
ATA low or intermediate risk of recurrence who were
treated with surgery and RAI, the multivariate analysis
shows that a serum Tg level off L-thyroxine therapy >10 ng/
ml at the time of the postoperative RAI administration is the
only independent predictor for structural disease recurrence.
Actually, a TSH-stimulated Tg >10 ng/ml has a high

Fig. 1 Postoperative serum Tg level (>10 ng/ml or ≤10 ng/ml) fol-
lowing thyroid hormone withdrawal and before RAI administration
according to the risk of structural persistent disease

Table 3 Univariate and multivariate predictors of structural persistent
disease

Univariate Multivariate

Hazard ratio p value Hazard ratio p value

Intermediate risk vs.
low risk

1.85 <0.01 1.25 0.06

Tg >10 ng/ml vs.
<10 ng/ml

3.10 <0.01 2.48 <0.01

Age ≤14 years vs.
>14 years

0.93 0.07

Tg thyroglobulin obtained following thyroid hormone withdrawal
before the RAI administration

Fig. 2 Disease-free survival by Kaplan–Meier according to the post-
operative serum Tg level (>10 ng/ml or ≤10 ng/ml) following TSH
stimulation and before RAI administration
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prognostic impact in both age groups (> or ≤14 years at the
time of initial treatment) and ATA risk groups (low or
intermediate). Age and risk group categories were not
independently significant in the multivariate analysis and
this may be related to the relatively small number of patients
under study.

In children, a more advanced disease at diagnosis and a
higher rate of recurrence as compared with adults indicate
the need for lifelong surveillance, but the overall survival is
excellent [7].

This high risk of structural recurrence is probably related
to the frequent persistence of disease after surgery, that
could not be detected on neck ultrasonography due to local
postoperative inflammation nor on the posttherapy WBS
due to high RAI uptake in the thyroid bed, and at the time of
treatment (before 2002), single photon emission computed
tomography (SPECT/CT) technology was not available
[13].

The high incidence of recurrence in the thyroid bed
suggests that the initial resection of the thyroid gland was

incomplete as shown by the presence of a high RAI uptake
on initial WBS, leaving some foci of thyroid cancer that
were not recognized by neck ultrasonography at the time of
initial RAI treatment. These foci were not eradicated with
RAI treatment and they progressed over time leading to a
structural recurrence. It is also noteworthy that all the six
patients with suspicious lymph node findings at initial neck
ultrasonography experienced a lymph node recurrence
during follow-up despite RAI treatment. This strongly
suggests in agreement with previous studies [3–8, 14, 15]
that complete surgery including a total thyroidectomy
leaving small thyroid residues and a complete resection of
all metastatic lymph nodes is the best way to decrease the
risk of recurrence.

The present study focused on low and intermediate risk
patients as assessed postoperatively according to pediatric
ATA guidelines, thus excluding high risk patients. A cate-
gorization strategy based on the extent of regional disease
appears to correlate best with the risk of structural persistent
disease. The risk associated with lymph node involvement
in the ATA pediatric guidelines [7] is related to central or
lateral location of lymph node involvement, but to refine
this classification and define extensive lymph node invol-
vement we also used criteria proposed in the adult ATA
guidelines, such as the number and size of the metastatic
lymph nodes [8, 9]. In fact, the presence of palpable neck
lymph nodes at diagnosis is predictive for recurrence, in
particular in younger patients (<15 years) [4, 6].

Hay et al. [3] in a large cohort of papillary thyroid cancer
patients (190 children and 4242 adults) found that during
the past 40 years the risk of specific mortality was <1% in
both children and adults at low risk (MACIS score <6).
Differently, significant improvements in mortality rate were
observed in high risk patients during the last decades, that
may be related to advances in surgery and RAI treatment,
but that were not associated with a decreased rate of
structural tumor recurrence. In the present study, one-third
of patients experienced a structural recurrence but all
patients were alive at the end of follow-up and 33 of the 45
patients were considered as excellent response, including 7
of the 15 patients who experienced a neck structural event.

Therefore, the identification of patients at higher risk of
recurrence is pivotal. In 109 children older age, total thyr-
oidectomy and RAI had a positive impact on disease-free
survival and in a multivariate analysis, radical surgery was
the most significant factor for disease-free survival [5, 14].
Younger age was also found as a major predictor of
recurrence in pediatric DTC patients [6, 14].

The use of RAI could be restricted to patients in whom
the primary tumor and regional nodal metastases have not
been completely resected at surgery and this might be
indicated by detectable postoperative serum Tg. In “ESTI-
MABL1” a recent randomized, equivalence trial in 752

Fig. 3 Disease-free survival curves by Kaplan–Meier according to
postoperative serum Tg levels obtained following thyroid hormone
withdrawal and ATA risk of recurrence (a), and age at diagnosis (b)
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adult patients with low-risk thyroid cancer, persistent dis-
ease was infrequent after surgery in patients with an
undetectable or low postoperative TSH-stimulated Tg level
and increases with serum Tg level and in particular when it
increases above 10 ng/ml [16], in accordance with previous
studies in adults [13, 17, 18]. This was also reported with
serum Tg determination on L-T4 treatment and using sen-
sitive serum Tg determination in patients who had not
received postoperative RAI [19]. Our data are consistent
with these previous reports, which focused on the strong
value of Tg in predicting the outcome in DTC patients, even
following an apparently complete surgical resection of the
disease. In our low or intermediate risk population, no
patient had distant metastatic disease at posttherapy WBS or
during follow-up. Therefore, the detection of a high serum
Tg value could improve the postsurgical risk stratification
and indicate RAI treatment. Whether diagnostic WBS
should be routinely performed postoperatively in pediatric
DTC patients with low serum Tg level needs to be deter-
mined by further studies.

Conclusions

Our data suggest that in pediatric patients with DTC,
postoperative elevated Tg values (>10 ng/ml) have a high
prognostic impact and should lead to more aggressive
treatments and closer monitoring, especially in patients with
an intermediate risk of recurrence or with a younger age.
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