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BACKGROUND: Therapeutic approaches in pediatric populations are based on adult data because there is a lack of
appropriate data for children. Consequently, there are many controversies regarding the proper treatment of
pediatric patients.

OBIJECTIVE: The present study was designed to evaluate patients with differentiated thyroid carcinoma diagnosed
before 20 years of age and to determine the factors associated with the response to the initial therapy.

METHODS: Sixty-five patients, treated in two tertiary-care referral centers in Rio de Janeiro between 1980 and 2005
were evaluated. Information about clinical presentation and the response to initial treatment was analyzed and
patients had their risk stratified in Tumor-Node- Metastasis; Age-Metastasis-Extracapsular-Size; distant Metastasis-
Age-Completeness of primary tumor resection-local Invasion-Size and American-Thyroid-Association classification

RESULTS: Patients ages ranged from 4 to 20 years (median 14). The mean follow-up was 12,6 years. Lymph node
metastasis was found in 61.5% and indicated a poor response to initial therapy, with a significant impact on time for
achieving disease free status (p =0.014 for response to initial therapy and p<0,0001 for disease-free status in follow-
up). Distant metastasis was a predictor of a poor response to initial therapy in these patients (p=0.014). The risk
stratification systems we analyzed were useful for high-risk patients because they had a high sensitivity and
negative predictive value in determining the response to initial therapy.

CONCLUSIONS: Metastases, both lymph nodal and distant, are important predictors of the persistence of disease
after initial therapy in children and adolescents with differentiated thyroid cancer.
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INTRODUCTION occurrence of PTC.”® Advanced tumor manifestations, such
) ) ) ) ) ) ) as large or extensive tumor, multicentricity, lymphade-
Differentiated thyroid carcinoma (DTC) is rare in pedia- nopathy, and synchronous lung metastasis at diagnosis,
tric patients. The incidence of this subtype of carcinoma has are more frequent and important risk factors in pedia-

1-6 .

been .reporte.d to range f'rom 2.6% to 12.9%. Papillary tric patients‘1 In addition, young children have a worse

thyroid carcinoma (PTC) is the most common subtype of  prognosis compared to young adult or adolescent

DTC in pediatric patients as well as in adult patients patients.6'9'16

followed by its follicular variant."® Radiation exposure in Treatment of DTC consists of thyroidectomy and an

infancy has been reported to be associated with the possible ablative dosage of iodine-131."” Radioactive iodine therapy,
after surgery, leads to a significantly improved prognosis,
especially in patients who are at high risk of recurrence or
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always sufficient to achieve complete ablation of thyroid
remnants.”* Zimmerman et al have proved that despite
the more aggressive clinical presentation, the overall
survival rate in patients under 20 years old is better than
in older. Thus, because of the clinical trade-off between
aggressive manifestation and better outcomes, controversy
still remains concerning the appropriate treatment for
pediatric DTC patients.”

Regarding thyroid remnant ablation, little is known about
the prognostic significance of achieving good response to
initial therapy with the first dosage of I-131 in patients with
differentiated thyroid cancer. Verburg et al have shown that
adult patients with good response to initial therapy had a
better prognosis than those with poor response: disease-free
survival was 87% versus 49% after 10 years; additionally,
thyroid-cancer related survival was 93% versus 78%.>

The aim of this study is to evaluate patients with DTC
who were diagnosed under 20 years old and analyze the
factors that may influence the success of initial therapy.

PATIENT AND METHODS

This was a retrospective study of a cohort of patients
diagnosed with DTC under 20 years old. The data was
gathered in the files of the Universidade Federal do Rio de
Janeiro and at the. Instituto Nacional do Cancer. Between
January of 1980 and December of 2005, 73 pediatric patients
(= 20 years) with DTC were initially treated in both
institutions. Among the 73 consecutive patients, 8 were
submitted to partial thyroidectomy and, so excluded from
the analysis. The remaining 65 patients (17 males and 48
females) underwent total thyroidectomy and radioactive
iodine initial therapy with I-131 within 2-6 months after
surgery. Therapeutic neck dissection was performed only if
the patients had enlarged and suspicious lymphadenopathy
or biopsy proven lymph node metastases. No prophylactic
neck dissection was performed. Pre-operative neck ultra-
sounds were not routinely performed in all patients at the
time they were included in the study. The age ranged from 4
to 20 years old (median 14) and the mean follow-up was 12,6
years (ranging from 5-32 years). Patients with positive
thyroglobulin antibodies, medullary thyroid carcinoma
or anaplastic thyroid carcinoma were excluded. Serum
thyroglobulin was quantified by immunometric assay
(Immulite®) with analytical sensitivity of 0.2 ng/ml, func-
tional sensitivity of 0.9 ng/ml and interassay variation up to
8.8%.

Evaluation of outcomes

Clinicopathological features, treatments, and outcomes,
such as age, gender, histology, specific variant, tumor size,
extrathyroidal extension, tumor stage, presence of patholo-
gical node metastases, extension of thyroid resection and
node dissection, surgical complications, and data from
radioactive iodine therapy were obtained. These factors
were compared among patients, independently from their
responses to initial therapy. The patients were stratified in
four systems of risk: TNM (Tumor, Node, Metastasis),
employed by the American Joint Committee on Cancer
(AJCC)/ International Union Against Cancer (UICC) (27),
which is widely used for all types of cancers, AMES (Age,
Metastasis, Extracapsular tumor and Size) ** MACIS (distant
metastasis, age, completeness of primary tumor resection,
local invasion, tumor size),developed by the Mayo Clinic *
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and the recently published ATA risk classification for
DTC?°. These systems were designed for adults and
consider only two different populations, older than 45 years
old and younger than 45 years old, which leaves children,
adolescents and young adults in the same group.

This study was approved by the Ethical boards of both
institutions involved. Informed consent was obtained from
patients and/or their parents.

Statistical Analysis

The results are expressed as the median and the range of
variation. Frequencies were compared with the Fisher’s
exact probability test. We calculated relative risks [RR; 95%
confidence interval (CI)] to evaluate the effects of each factor
on the response to initial therapy. The performance of the
different staging systems was measured by their sensitivity,
specificity, positive and negative predictive value and their
confidence interval at 95% (CI) considering as “‘positive
test” the lower stage of each classification and for “negative
test” the combination of stages two and three for ATA and
MACIS classification. Differences were considered statisti-
cally significant when p-values were less than 0.05.
Statistical analyses were performed with Stata 9.0 (STATA
CORPORATION, 2005).

Follow-up and definition of Good response to
initial therapy

Patient follow-up was performed every 6-12 months after
initial treatment with surgery and radioactive iodine
therapy. The success of initial therapy was defined as a
negative whole body scan associated with undetectable
thyroglobulin levels in hypothyroid patients and negative
thyroglobulin antibodies after 6 to 12 months and no
evidence of structural disease in cross-sectional images
when performed. When the patient had a partial response at
the beginning such as shrinkage in structural disease and
decrease in thyroglobulin levels and still had iodine avid
tumor they were retreated with 1131 with at least 6 months
interval between the treatments.

RESULTS

There were 45 patients (69.2%) with classic papillary
thyroid cancer, 16 with follicular variant types (24.7%), 2
with follicular thyroid carcinoma (2.7%) and 2 with Hurthle
cell carcinoma (2.7%). Extrathyroidal extension was found
in 39.5%, metastatic lymphadenopathy in 61.5%, multi-
centricity in 26.2% and distant metastasis in 29.2%, all of
them in the lungs.

Overall, permanent surgical complications such as hypo-
parathyroidism were observed in 32.4% of the patients.
There was no patient with damage to laryngeal nerves,
neither recurrent laryngeal nerve nor superior laryngeal
lesions. All the patients underwent total thyroidectomy,
50% lateral neck dissection as their first surgery and at least
one initial therapeutic dose of radioactive iodine (I-131),
which. The (mean activity of I-131 administered was
132 mCi (488.4 MBq) ranging from 50 to 200 mCi. The post
therapy scan showed iodine uptake outside the thyroid bed
in 29.3% of the patients while 70.7% had uptake only in the
thyroid bed. However, the post therapy scan uptake pattern
was not statistically significant in predicting the success of
the initial therapy in this specific population. (Table 1)
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Table 1 - Initial presentation and good response to initial
therapy with 1-131-Therapy.

N % RR (95% Cl)*  P-value
Age >10 56 1 0,328
<10 9 0,38 (0,05-2,5)
Gender F 48 1 0,188
M 16 0,4 (0,1-1,5)
Size >2cm 57 1 0,372
<2cm 8 0,63(0,23-1,73)
Lymph node Y 40 1 0,014
metastasis
N 25 0,34 (0,14-0,8)
Multicentricity Y 17 1 0,719
N 48 1,17 (0,48-2,84)
Distant Metastasis Y 19 1 0,014
N 46 0,15 (0,02-0,96)
Post therapy scan TB 45 1 0,353
uptake
OTB 20 0,52 (0,17-1,60)

“RR - risk relative; 95% CI — 95 confidence interval, Y- yes (present at
diagnosis), N- No (absent at diagnosis; TB- Thyroid bed; OTB-outside
thyroid bed

Regarding the staging, 70.77% (46 patients) were TNM
stage I and 29.23% stage II. The same proportion was found
for the AMES staging system for low and high risk. For the
MACIS staging system, 72.31% had less than 6 points,
considered low risk, 10.77% had between 7 and 7.99 points,
so called intermediate risk and 16.92% had above 8 points,
high risk — there was no patient between 6 and 6.99 points.
For the ATA classification, 21.54% were considered low risk,
52.31% intermediate, and 26.15% high risk.

The factors that negatively influenced the success of the
initial therapy in this pediatric cohort were the presence of
lymph node metastasis and distant metastasis. Neither age
nor gender nor tumor size influenced in this outcome as
shown in table 1.

All of the staging systems analyzed was able to predict a
lower success of initial therapy among the high risk patients
(high negative predictive value). The ATA classification was
slightly superior to the others (table 2). However, all of the
systems had a very low specificity and positive predictive
value (table 3).

Patients classified as poor response to initial therapy
underwent subsequent doses of radioactive iodine
therapy.Total activity of radiopharmaceutical administered
averaged 333 mCi (1232.1 MBq) ranging from 100 to
1150 mCi total activity. Transient leucopenia was observed
in 2 patients, transient anemia in one with recovery 1 month
after the last dose. After multiple doses of radioactive
iodine, 50,8% achieved a disease free status at the end of
the observation period (figure 1). Two patients had lymph
node recurrence and two recurred in the thyroid bed and
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Table 2 - Staging systems and prediction of good
response to initial therapy.

| 1} ] 1\ P-value

TNM NED 16 1 0,014
Persistent 30 18

MACIS NED 16 0 1 3 0,019
Persistent 31 7 7

AMES NED 16 1 0,014
Persistent 30 18

ATA NED 9 7 1 0,001
Persistent 5 27 16

NED =no evidence of disease; Persistent= persistent disease; MACIS
(I=<6 points; Il = 6-6.99; Ill- 7-7.99 and IV- >8); AMES ( I- low risk; 1I-high
risk); ATA (I-Low risk; Il- Intermediate Risk and IlI- High risk)

underwent further surgery. Only two patients developed
new distant metastases, in both cases, lung metastases.

In this same analysis, the risk-stratification systems failed
to predict response to therapy, except for the ATA
classification (p =0.02) (figure 2). Between the patients that
had no evidence of disease during some point in the follow
up, patients that had lymph node metastases at the diag-
nosis took a longer time to be without evidence of disease
(p<<0.001) (figure 2). Sixty percent of the patients with
distant metastases at diagnosis did not achieve the disease-
free status at the end of follow up, with the 40% that did, the
analysis had no statistical significance. Only 6 patients had
progressive disease and it was not possible to perform
statistical analysis due to the small number. The overall
survival was 100%.

DISCUSSION

Data regarding the management of DTC in pediatric
patients is scarce in the literature. This present study had
the aim to determine prognostic factors that may predict
which children with DTC will become free of disease after
initial therapy with radioactive iodine. The findings of the
study demonstrated that a large number of children are not
free of disease after initial therapy (even when considered
“low risk” by conventional staging systems) and that
clinical factor such as extent of initial disease presentation,
especially lymph node metastasis, seemed to be important
to predict outcomes after initial therapy in this population.
In addition, most of the patients either are free of disease in
some point in the follow up or they had persistent stable
disease in this present study. The overall survival was very
good as previously shown in other studies.

Pediatric series had already shown that thyroid cancer is
the most common endocrine malignancy in children. The
principal thyroid malignancies in children have the same
histology as those afflicting adults, including papillary,

Table 3 - Accuracy and the staging system on predicting good response to initial therapy.

MACIS%(CI 95%)

AMES% (CI 95%)

ATA% (CI 95%)

Measurements TNM%(Cl 95%)
Sensitivity 94.12 (71.31- 99.85)
Specificity 37.5 (23.95- 52.65)

Positive predictive value
Negative predictive value

34.78 (21.35- 50.25)
94.74 (73.97- 99.87)

94.12 (71.31- 99.85)
35.42 (22.16- 50.54)
34.04 (20.86- 49.31)
94.44 (72.71- 99.86)

94.12 (71.31- 99.85)

37.5 (23.95- 52.65)
34.78 (21.35-50.25)
94.74 (73.97- 99.87)

94.12 (71.31- 99.85)
33.33 (20.40-48.41)
33.33 (20.40- 48.41)
94.12 (71.31- 99.85)

95% Cl — 95 confidence interval
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Figure 1 - Kaplan-Meier curve of disease-free state in young papillary thyroid carcinoma patients after the first treatment.

follicular, and medullary thyroid cancer. However, children
tend to present a more advanced disease, with a greater
frequency of lymph-node metastasis and distant metastasis
at the time of diagnosis and high rates of recurrence during
the first decade of life. In this study, there was a higher
incidence in females (3 to 1) and it increases according to the
age, with a high incidence of lymph node metastasis,
(61.54%) and also distant metastasis (26.15%) all of them in
the lung. The results from a large cohort of the SEER
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(Surveillance, Epidemiology and End Results) also confirm
these data. In the study by Hogan et al.,, female patients
outnumbered male patients by more than 4 to 1 and 95% of
the patients were more than 10 years old. Distant metastases
were found in 133 (7.6%) of the patients at the time of
diagnosis and were most commonly found in the lung —
rarely in the bone or liver. Regional lymph-node metastases
were found in 814 patients (46%), and disease confined to
the thyroid gland was found in 741 (42%).*" The most

(b} Lymph node tmetastases at diagnosis
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Figure 2 - Kaplan-Meier curve of disease-free state in young papillary thyroid carcinoma patients after the first treatment according to:
(a) ATA staging system classification (1=low risk; 2 =intermediate risk; 3=high risk); (b) Lymph node metastases at diagnosis.
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common tumor histology, in the present study, was also
papillary thyroid cancer followed by its follicular variant, in
line with previous studies.’’

The initial therapeutic approach for children and adoles-
cents with DTC is still a controversial issue. Many
authors®®* advocate a routine of intensive approach
because of the more advanced disease at diagnosis,
propensity for recurrence, and greater radioiodine respon-
siveness in children. This intensive approach consists of
total thyroidectomy followed by radioiodine administration.
Although the prognostic significance of achieving good
response to initial therapy with the first dosage of I-131 in
patients with differentiated thyroid cancer is still uncertain
even in adults, Verburg et al, in a study with 180 adult
patients with DTC with good response to initial therapy,
leads to a better prognosis *°. The most important variables
that influenced the good response to initial therapy in this
present study were the absence of lymph node metastasis
and absence of distant metastasis. Surprisingly, however,
age at the time of initial therapy had no statistically
significant influence on the outcome of the first dosage of
I-131 in our study population. Normally, age is considered
to be one of the most important prognostic factors in thyroid
cancer.’ The role of lymphadenopathy in low risk pediatric
patients has been recently studied by Wada N et al by
analyzing 57 consecutive TNM stage I patients (with 15
years or less) with DTC. The study showed that clinical
lymphadenopathy (p = 0.006) was a risk factors for disease
free survival in stage I pediatric patients.**

Regarding the staging systems analyzed, all of them were
able to identify high risk with a good correlation with poor
response to initial therapy, expressed as high negative
predictive value. Nonetheless, none of the examined staging
classifications was accurate to identify the low risk patients.
Likewise other authors showed, the current used staging
systems, especially TNM, was not accurate to determinate
disease free survival in low risk pa’cien’cs.34 In fact, most of
these systems were designed to predict mortality, which
might explain slight superiority of the ATA classification
(p=0,014 for TNM vs p=0,001for ATA) that was designed
to predict recurrence and takes into account information
about histology and response to initial treatment such as
uptake outside the thyroid bed on the first post-treatment
whole-body radioactive iodine scan and thyroglobulin
levels.>

The role of radioactive iodine therapy in children and
adolescents is still unclear. Chow et al,*> in a univariate
analysis showed that adjuvant therapy with I-131 decreased
the recurrence rate from 42% to 6,3%, however they did not
risk-stratified the patients. On the other hand, the Mayo
Clinic studies did not show a major impact in the overall
survival and in the recurrence rates.>>® In this study, after
multiple treatments with radioactive iodine, the disease-free
survival status increased from 26.5% to 50.8% but as most of
the patients showed uptake in the thyroid bed, this might be
due to the ablation of normal thyroid tissue and there is not
enough data to analyze its impact on the recurrence rates
and overall survival.

In conclusion, the present study, which analyzed a
Brazilian cohort of 65 patients diagnosed with DTC under
20 years of age, suggests that young patients have a more
aggressive clinical presentation with more frequent lymph
node and distant metastasis comparing to what is usually
seen in adults. Those, in fact, seem to be the most important
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prognostic factors for the good response to initial therapy in
these patients. Unfortunately, most of the risk stratification
systems do not give enough emphasis to the presence of
lymph node metastasis in this population which might
decrease the ability to identify “real low-risk patients’. Since
DTC has a very long overall survival, this fact might leads to
undertreatment with a less aggressive initial therapy.
Certainly, further studies are needed to determinate the
prognostic significance of a good response to initial therapy
in pediatric population and to propose other ways of
stratifying young patients based on disease free survival
and recurrence rate instead of on cause specific death,
which will more accurate identify low risk patients.
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