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Abstract

Background Thyroid cancer is the most common endocrine
malignancy with relatively good prognosis in children. How-
ever, unlike adults, children usually present with more ad-
vanced disease and have a higher local recurrence and distant
metastases. Thus surveillance for recurrence is a major goal of
long-term follow-up.

Objective This retrospective study evaluates the diagnostic
value of ultrasound (US) imaging in the post-therapy surveil-
lance of children with differentiated thyroid cancer.
Materials and methods We reviewed the charts of 54 children
(40 girls; mean age 14.3+3.6 years) with differentiated thy-
roid cancer treated with total or near-total thyroidectomy.
Forty children (29 girls and 11 boys) who had routine
follow-up US examinations (112 studies) were included for
the evaluation of US accuracy in the follow-up of pediatric
differentiated thyroid cancer. Histopathology, stimulated thy-
roglobulin determination, post-therapy whole-body iodine

R. Vali (><)) - M. El Zein * D. L. Costantini + M. Charron
Department of Diagnostic Imaging, Division of Nuclear Medicine,
The Hospital for Sick Children, University of Toronto,

555 University Ave., Toronto, ON, Canada M5G 1X8

e-mail: reza.vali@sickkids.ca

M. Rachmiel

Pediatric Endocrinology, Department of Pediatrics,
Assaf Harofeh Pediatric Division Medical Center,
Tel Aviv University, Tel Aviv, Israel

J. Hamilton - J. Wasserman

Department of Paediatrics, Division of Endocrinology,
The Hospital for Sick Children, University of Toronto,
Toronto, Canada

A. Daneman
Department of Diagnostic Imaging, The Hospital for Sick Children,
University of Toronto, Toronto, Canada

scan and clinical follow-up were used as the standards of
reference.

Results Mean period of follow-up was 34 months. The
frequency of recurrence was 42% (17/40). Seventeen per-
cent of the children had lung metastases either at presen-
tation or on follow-up. In all cases of lung metastases,
stimulated thyroglobulin level was greater than 10 ng/ml.
The sensitivity was 85.7%, specificity 89.4%, negative
predictive value 94.4% and positive predictive value 75%
for US in detecting loco-regional recurrence in follow-up
studies of pediatric differentiated thyroid cancer. In 17.3%
(18/104) of studies, the results of stimulated thyroglobulin
and US were discordant.

Conclusion US showed very good sensitivity and specificity
and a high negative predictive value for evaluation of loco-
regional involvement in follow-up of pediatric differentiated
thyroid cancer. Diagnostic whole-body iodine scan is indicat-
ed when serum anti-thyroglobulin Ab is high, or in cases of
discordant findings between US and stimulated thyroglobulin
levels, or when stimulated thyroglobulin levels are >10 ng/ml
(to evaluate for lung metastasis).

Keywords Thyroid cancer - Ultrasound - Iodine scan -
Thyroglobulin - Thyroid - Children - Adolescents

Introduction

Thyroid cancer is the most common endocrine malignan-
cy, affecting more than 60,000 people in 2014 in North
America [1]. Of these cases only 2% occurred in children
and adolescents [2]. The majority of thyroid cancers are
of differentiated type, mainly papillary (85%) and to a
lesser extent follicular (10%) [3, 4]. The standard treat-
ment of differentiated thyroid carcinoma consists of total
or near-total thyroidectomy, with resection of affected
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regional lymph nodes and in some cases dissection of the
central compartment, followed by ablation of thyroid
remnant and metastases using '>'I followed by thyroid-
stimulating hormone (TSH) suppression with
levothyroxine [5, 6].

The long-term prognosis of differentiated thyroid cancer
diagnosed in childhood is good, with overall 10-year sur-
vival rates of 80-95%. Hay et al. [7] showed a 2% cause-
specific mortality rate for pediatric papillary thyroid cancer
after 20 years of follow-up. Unlike adults, children with
differentiated thyroid cancer may present with more ad-
vanced disease and have a higher local recurrence and
distant metastases, even though their prognosis is favor-
able [8]. Surveillance for recurrence is therefore a major
goal of long-term follow-up [9, 10].

Conventionally, stimulated serum thyroglobulin levels
(using levothyroxine withdrawal or recombinant human
TSH and diagnostic whole-body iodine ['*T or '*'I]
scanning) are determined to detect thyroid tissue remnant
and recurrence in the follow-up of patients with differ-
entiated thyroid cancer. High-resolution US imaging at
regular intervals after initial therapy has also been effec-
tive for evaluation of adults with thyroid cancer. It can
detect recurrent cancer in the thyroid bed after thyroid-
ectomy or in the lymph nodes of the head and neck
before tumor becomes palpable on physical examination.
US is also superior in sensitivity to diagnostic whole-
body iodine scan for evaluation of loco-regional lymph
node involvement [11, 12]. However, outcomes in chil-
dren have been less studied [7].

The accurate interpretation of US in children with
differentiated thyroid cancer following curative surgery
or radioablative therapy can be complicated by the pres-
ence of large inflammatory lymph nodes in the neck.
These reactive lymph nodes typically occur more com-
monly in children than in adults and make it particularly
difficult to differentiate benign processes from local re-
currence [11-13].

In adults, high-sensitivity US and stimulated thyro-
globulin measurements are often sufficient for follow-
up, with diagnostic whole-body iodine scan reserved for
cases in which US and stimulated thyroglobulin are
discordant; however, this has not been fully explored
in pediatric differentiated thyroid cancer. Moreover, dis-
crepant findings between stimulated thyroglobulin mea-
surements and US have been reported in children with
recurrent disease [13], indicating a need for further
study of the role of US and diagnostic whole-body
iodine scan in the follow-up of pediatric differentiated
thyroid cancer. This study evaluated the diagnostic
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accuracy of US in the post-therapy follow-up of chil-
dren with differentiated thyroid cancer and clarifies the
clinical value of sonography, combined US and stimu-
lated thyroglobulin measurements, and diagnostic whole-
body iodine scan.

Materials and methods
Patients

Data were retrospectively reviewed from the charts of 54
children (40 girls, 14 boys) younger than 18 years who
had histopathologically proven differentiated thyroid can-
cer at our institution between 2000 and 2011. All chil-
dren were treated with total or near-total thyroidectomy
and central neck dissection followed by radio-iodine
ablation therapy. Children who had US for follow-up of
recurrent disease at least 6 months after the thyroidecto-
my and radioablation therapy were selected for evalua-
tion of US accuracy. Residual disease following initial
treatment was not included in the calculation. The study
was approved by the local institutional research ethics
board.

Imaging

US was performed 6 months after thyroidectomy and
radioablation therapy and then routinely every 6-—
12 months along with thyroglobulin measurements. US
was performed using a Toshiba Aplio XG (Otawara-shi,
Tochigi, Japan) equipped with 12.5- and 17.5-MHz linear
probes (depending on patient age). US examination in-
cluded the thyroid bed and both central and lateral neck
compartments. US findings were not described based on
the level of neck lymph nodes. The findings on US were
categorized as (1) suspicious for malignancy or (2) neg-
ative or benign lymph nodes. Suspicion of malignant
lymph node was based on the following criteria:
hypoechoic appearance (compared with surrounding
muscles), hyperechoic foci (from microcalcification or
colloid formation), peripheral vascularization, and
round-shape node (with long-to-short-axis ratio of less
than 1.5) without hyperechoic hilum [14, 15] (Fig. 1).
All studies were reviewed by two radiologists (A.D. with
30 years of experience in pediatric radiology and M.E.
with 12 years of experience in adult and pediatric radi-
ology) blinded to patient history, clinical data and diag-
nostic whole-body iodine scan findings. The agreement
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Fig. 1 US in a 16-year-old boy with papillary carcinoma evaluated for
recurrence/metastasis. Transverse US image shows a hypoechoic nodule
with scattered hyperechoic foci suggestive of calcifications. These
findings are suggestive of malignancy. Serum thyroglobulin level was
high. Pathology confirmed that the lymph node was malignant

between the readers was estimated using a kappa statis-
tic. Disagreement was resolved by consensus.

Biochemistry and diagnostic whole-body iodine scan

Stimulated serum thyroglobulin levels were measured 2—
4 weeks after L-thyroxine withdrawal (such that TSH
levels were >30 mU/L) using electrochemiluminescence
assay (Beckman Coulter access 2, Chaska, MN). Serum
TSH and anti-thyroglobulin antibody titers were mea-
sured using immunoradiometric assays. Stimulated thy-
roglobulin values were considered unreliable when se-
rum anti-thyroglobulin titers were positive. Stimulated
thyroglobulin level was interpreted as negative when it
was undetectable (<1 ng/ml), whereas a stimulated thy-
roglobulin >10 ng/ml indicated a positive assay. Stimu-
lated thyroglobulin values ranging 1-10 ng/ml were
considered indeterminate [16].

Diagnostic whole-body iodine scan was performed
48 h after oral ingestion of 37-148 MBq '*'I, whereas
post-therapy whole-body iodine scan was obtained 7—
10 days after a therapeutic dose of *'I (1,850—
5,550 MBq). The children were asked to withdraw L-
thyroxine for at least 24 weeks and avoid iodine in
their diet for 1 week before the '*'I ingestion. The TSH
level was >30 mU/L in all children before the adminis-
tration of '*'I. All scintigraphic imaging was performed
using a dual-head Millennium MG camera (Milwaukee,

WI) equipped with a high-energy parallel-hole collima-
tor with a 20% window centered on the 364-kEv
photopeak. Planar images consisting of 10-min acquisi-
tions were acquired to include head, neck and upper
thorax in the field-of-view. All nuclear medicine scans
were reviewed independently by two nuclear medicine
physicians (M.C. with 25 years and R.V. with 12 years
of experience in adult and pediatric nuclear medicine).

Standards of reference and statistical analysis

Histopathology was considered the gold standard to
assess the results of US. In cases where histopathology
was not available a combination of stimulated thyro-
globulin levels >10 ng/ml and post-therapy whole-body
iodine scan was used as the gold standard. According to
the American Thyroid Association guidelines [9], pa-
tients were considered disease-free when there was no
evidence of clinical findings suggestive of a malignancy,
a negative US examination, negative whole-body iodine
scan and undetectable stimulated thyroglobulin values
(<1 ng/ml) in the absence of anti-thyroglobulin antibody
titers.

US findings were considered true positive if histopathology
confirmed the malignancy in the lymph nodes (7 cases) or if
stimulated thyroglobulin level was more than 10 ng/ml with a
positive post-therapy whole-body iodine scan or positive
follow-up clinical/diagnostic imaging (17 cases). US findings
were considered true negative when stimulated thyroglobulin
level was less than 1 ng/ml and there was a negative post-
therapy whole-body iodine scan (64 cases), and if the stimu-
lated thyroglobulin was 1-10 ng/ml with a negative post-
therapy whole-body iodine scan or negative follow-up
clinical/diagnostic imaging without any treatment (4 cases).
US findings were considered false positive if US was sugges-
tive of malignancy but the histopathology did not confirm
malignancy (1 case) or if the stimulated thyroglobulin level
was less than 1 ng/ml and post-therapy whole-body iodine
scan was negative (if performed) (5 cases). US findings were
also interpreted as false positive if the stimulated thyroglobu-
lin was less than 10 ng/ml and the enlarged lymph node
disappeared on follow-up studies in the absence of treatment
(2 cases). US findings were considered false negative when
the US was negative or showed benign inflammatory lymph
nodes but histopathology confirmed malignancy (1 case) or
diagnostic and therapeutic whole-body iodine scan showed a
focal uptake (1 case) or the stimulated thyroglobulin level was
more than 10 ng/ml with a focal uptake in the neck on
diagnostic whole-body iodine scan or post-therapy whole-
body iodine scan (2 cases).
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In eight US studies (out of 112 reviewed), we were not able
to prove whether findings were true positive, false positive, true
negative or false negative according to the aforementioned
criteria. Because there was a lack of confirmatory tests (histo-
pathology or post-therapy whole-body iodine scan), these eight
cases were excluded from the statistical analysis. Data are
expressed as the mean+standard deviation (SD). We determined
the sensitivity and specificity, as well as the positive and nega-
tive predictive values of US to detect loco-regional malignancy.

Results

Diagnosis and frequency of disease recurrence
during follow-up

The clinical characteristics of 54 thyroid cancer patients
(total group) and the US subgroup (40 patients) are
summarized (Table 1). In 100/104 follow-up US exam-
inations there was agreement between the readers in
96%, kappa=0.90. Disagreements (4/104, 4%) were
resolved by consensus. The initial pathological Tumor-
Nodes-Metastasis (TNM) staging system for classifica-
tion of malignant tumors is summarized in Table 2.
Mean period of follow-up was 34 months (range 12—
120 months). Histology was papillary in 70% of cases,
follicular in 5%, and papillary-follicular variant in 25%.

The frequency of recurrence was 42% (17/40). Sites
of recurrent disease were in lymph nodes (10 patients),
lungs only (1 patient), and lymph nodes and lungs (6
patients). Of note, 17% of patients (7/40) showed lung
metastases on diagnostic or post-therapy whole-body
iodine scan. Stimulated thyroglobulin level was more
than 10 in all children with lung metastases.

Diagnostic accuracy of US alone in the follow-up
of differentiated thyroid cancer

One hundred four (104) US studies were evaluated in
40 children with differentiated thyroid cancer (Table 1).
US was true positive in 24 cases and false positive in §,
whereas it was true negative in 68 cases and false
negative in 4. The sensitivity was 85.7%, specificity
89.4%, negative predictive value 94.4% and positive
predictive value 75% for US in detecting loco-regional
recurrence in follow-up studies of pediatric differentiat-
ed thyroid cancer. On per-patient analysis, US was true
positive in 12 children and false positive in 4, whereas
it was true negative in 21 and false negative in 3. US
yielded a sensitivity of 80%, specificity of 84%,
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Table 1  Characteristics of patients followed up for >1 year (total and
US groups)

All patients US follow-up  P-value using
chi-square test
and r-test

No. of patients 54 40

No. of studies N/A 104

Girls/boys 40/14 28/12 0.66
Mean age+SD (years) 14£3.5 14.1+3.6 0.89
Pathology Papillary®=50 Papillary’=38 0.63

Follicular=4  Follicular=2
Recurrence/metastases  34% 42%
(%)

SD standard deviation
#Including follicular variant of papillary carcinoma

negative predictive value of 87.5% and positive predic-
tive value of 75% on per-patient analysis.

Combination of US and stimulated thyroglobulin
measurements

Concordance between US and stimulated thyroglobulin
measurements during follow-up was observed in 86/104
studies (82.6%). Of these, the US and stimulated thyro-
globulin were both true positive in 20 studies and true
negative in 64 studies. In two studies both US and
stimulated thyroglobulin level were negative. In these
two cases, US showed small lymph nodes (less than

Table 2 Tumor-Nodes-Metastasis (TNM) staging details of the
children in the ultrasound group (n=40)

Tumor Nodes Metastasis Number of patients (%)
Tl NO MO 7 (17.5%)
N1 MO 6 (15%)
T2 NO MO 9 (22.5%)
N1 MO 2 (5%)
N1 Ml 1(2.5%)
T3 NO MO 3(7.5%)
N1 Ml 1(2.5%)
T4 NO MO 1(2.5%)
NO Ml 1(2.5%)
N1 MO 5 (12.5%)
N1 M1 4 (10%)
X 0
Total 40
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1 cm) in the lateral neck region with normal internal
architectures suggestive of inflammation. Diagnostic and
post-therapy iodine scan were positive in both cases. In
the other 18 studies, the findings of US and stimulated
thyroglobulin were discordant.

Discussion

Although the long-term prognosis for children with
differentiated thyroid cancer is generally quite good,
tumor recurrence is still common, affecting 20-50%,
sometimes decades after initial therapy [5, 6, 17]. Ac-
curate surveillance with physical examination, serum
stimulated thyroglobulin measurements and US imaging
is therefore fundamental to long-term follow-up. US
together with serum stimulated thyroglobulin measure-
ments has proved effective at detecting recurrent dis-
ease [5, 6]. Indeed, the results of this study confirm
that US combined with measurements of stimulated
thyroglobulin levels can be considered the first-line
modality for the follow-up surveillance of children with
differentiated thyroid cancer. However in children with
discordant stimulated thyroglobulin and US results, fur-
ther evaluation with diagnostic whole-body iodine scan
can be considered. When stimulated thyroglobulin level
is higher than 10 ng/ml diagnostic whole-body iodine
scan may also be indicated to determine the extent of
disease and to explore the possibility of lung or osse-
ous metastasis; whole-body iodine scan is also indicat-
ed when the results of stimulated thyroglobulin are not
reliable because of the presence of serum anti-
thyroglobulin Ab.

The reported frequency of loco-regional recurrence or
de novo metastatic disease is variable. In adults, the
reported frequency of recurrence is 3—-13% [18, 19],
whereas in pediatric patients the rate is much higher
[20-25]. In the current study, 42% (17/40) of patients
with differentiated thyroid cancer showed recurrence or
metastasis during follow-up.

The sensitivity of US for detecting loco-regional
lymph node metastasis was found to be superior to that
of diagnostic whole-body iodine scan [26]. Unlike diag-
nostic whole-body iodine scan, US does not require the
discontinuation of thyroid replacement medication and
the inconveniences or risks associated with prolonged
hypothyroidism. Combined with stimulated thyroglobulin
measurements, US examination can be considered the
first-line modality in following up with children with

differentiated thyroid cancer. This is also significant
considering that the incidence of recurrence is very low
in cases in which US is negative and serum-stimulated
thyroglobulin levels are undetectable (i.e. 2/104, or
1.9%, as determined in the current study).

A small but notable number of cases had discordant
results between stimulated thyroglobulin and US. Be-
cause diagnostic whole-body iodine scan has a high
positive predictive value and specificity, further evalua-
tion with diagnostic whole-body iodine scan is helpful
in these cases. We therefore consider diagnostic whole-
body iodine scan to be of particular importance in the
follow-up of high-risk children with a questionable US
finding or a discrepancy between US findings and stim-
ulated thyroglobulin level.

Numerous factors known to cause a false-negative or
false-positive stimulated thyroglobulin level or US study
have been proposed. For example, malignant
thyroglobulin-producing lesions outside the anatomical
region examined by US, or enlarged or inflamed lymph
nodes, can result in false-negative or false-positive find-
ings by US, respectively [11-13]. On the other hand,
determination of serum thyroglobulin level alone may
also be misleading. In a study by Park et al. [27], a
6.3% false-negative thyroglobulin determination was re-
ported using post-therapy whole-body iodine scan as a
reference standard. Possible causes for a false-negative
thyroglobulin level include: (1) dedifferentiated thyroid
cancer cells that can still concentrate iodine but cannot
synthesize or release thyroglobulin [28], (2) the pres-
ence of interfering anti-thyroglobulin antibodies in the
circulation [28, 29], (3) limitations in the functional
sensitivity of routine thyroglobulin measurements, (4)
decreased secretion of thyroglobulin from so-called
stunned residual/recurrent tumor tissue [30], or (5) small
volume of residual/recurrent tumor and amount of ex-
creted thyroglobulin [31]. Indeed, Bachelot et al. [32]
reported a relationship between the mass of residual
tumor and the amount of excreted thyroglobulin and
found that for each gram of tissue serum thyroglobulin
increases 0.5-1.0 ng/ml. In contrast, a false-positive
thyroglobulin-level may be the result of benign thyroid
or non-thyroidal tissue producing thyroglobulin [33], a
delayed conversion of thyroglobulin to undetectable
levels because of the slow, progressive death of differ-
entiated thyroid cancer after radioablation or the leakage
of thyroglobulin from dead or dying cells. This slow,
progressive death of differentiated thyroid cancer after
radioablation therapy can be also seen on diagnostic
whole-body iodine scan (Fig. 2).
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Fig. 2 Follow-up imaging in a
14-year-old girl who underwent
total thyroidectomy for papillary
carcinoma 1 year earlier. a
Multiple foci of activity are noted
in the neck on post-therapy
whole-body iodine scan (arrows).
b Six months later, after
radioiodine therapy, a focus of
persistent iodine uptake is seen on
the diagnostic whole-body iodine
scan in the right retroclavicular
region (arrow). ¢ Transverse
sonogram done at the same time
as (b) is negative for residual
thyroid or nodes. Thyroglobulin
value was undetectable and
antithyroglobulin was negative. d
After an additional 6 months
without treatment, a diagnostic
whole-body iodine scan is
normal. Thyroglobulin value was
undetectable. Only neck and chest
regions of the diagnostic whole-
body iodine scan are shown

Study limitations include the lack of pathology con-
firmation for all positive lymph nodes visualized on US.
However, post-therapy whole-body iodine scan, diag-
nostic whole-body iodine scan and follow-up studies
were available in the majority of cases to confirm or
exclude malignancy. Eight cases were excluded from
the final calculation for lack of confirmatory tests. We
included all types of pathology in pediatric differentiat-
ed thyroid cancer. The behavior of the follicular type of
the pediatric differentiated thyroid cancer can be differ-
ent from that of the papillary or follicular variant of
papillary types of differentiated thyroid cancer in chil-
dren. Because the number of specific types of differen-
tiated thyroid cancer (i.e. follicular type) in children is
very limited, a multicenter study is needed to evaluate
the frequency of recurrence and metastases as well as
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diagnostic accuracy of different modalities in these
children.

Conclusion

Our study supports the recommendation that US combined
with stimulated thyroglobulin level measurements can be
considered the first-line modality in the follow-up surveillance
of children with differentiated thyroid cancer. In cases of high
antithyroglobulin Ab, or when discordant findings between
US and serum stimulated thyroglobulin level are encountered,
and when serum stimulated thyroglobulin levels are >10 ng/ml
(in order to detect lung metastasis), further evaluation with
diagnostic whole-body iodine scan can be considered.
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