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Background: Thyroid cancer is the most common endocrine malignant disease in children and
adolescents. There is a trend of more conservative strategies including lobectomy and less radioactive iodine
therapy (RAI) in multifocal papillary thyroid cancer (PTC) for its good survival outcome. The aim of our
study was to define long-time outcome of a large cohort of multifocal PT'C patients less than 20 years old
treated at our institution.

Methods: Data were collected from 276 cases who were initially diagnosis of PT'C under the age of 20
from January 2006 to December 2015 at Fudan University Shanghai Cancer Center. All patients received
total/near total thyroidectomy or lobectomy. Therapeutic central-compartment (level VI) and lateral neck
lymph node dissection performed for patients with clinically involved neck nodes. RAI therapy used in
selected patients. No patients received chemotherapy or kinase inhibitor therapy. Thyroid-stimulating
hormone (TSH) suppression therapy was performed in all patients for at least 5 years.

Results: Ninety among 276 were multifocal PTC patients and included in this study. The median follow-
up time was 54.28 months, ranging from 6.10 to 141.27 months. Fifteen patients had tumor recurrence
during the follow-up. On Kaplan-Meier survival curves, lymphovascular invasion and extrathyroidal
extension was associated with a decline in recurrence-free survival. However, there was no difference in
recurrence-free survival curves in patients no matter which treatment they had received, either lobectomy or
total thyroidectomy, RAI or not.

Conclusions: More conservative strategies including lobectomy and less RAI in multifocal PTC among

children and adolescents are safe and effective.
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Introduction

With the incidence increasing every year, approximately
90,000 new cases of thyroid cancer were diagnosed in China
every year (1). Among people aged from 15 to 19 years,
thyroid cancer is the most common endocrine malignant
disease, accounting for 11% of all pediatric cancers (2).
However, pediatric papillary thyroid cancer (PTC) is still
a rare disease. Due to the lack of clinical trials, treatment
options remain controversial. When compared to adult
patients, children present with a more multifocal disease
at the time of diagnosis, which is recognized as a high-risk
factor for the progression of PTC (3), thereby requiring the
application of more aggressive treatment. Recently, there has
emerged a trend of more conservative strategies including
lobectomy and less radioactive iodine therapy (RAI) in
multifocal PTC due to its good survival outcome (4).
A multi-disciplinary therapy for multifocal pediatric PTC
is advocated, but no clinical guidelines have yet been fully
established. In our center, not all multifocal pedantic
patients receive total thyroidectomy (TT). Thus, RAI
therapy would not be routinely used for those patients.
Previous reports regarding pediatric PTC are mostly single-
institution and based on local clinical experience (5-9).
Until now, there has been no relevant data in Chinese
multifocal pediatric PTC populations reported.

Our study aimed to define the long-term outcomes of a
large cohort of multifocal PTC patients less than 20 years
old treated at our institution. We hoped to investigate the
performance of the surgical-based therapy used for the
treatment of multifocal pediatric PTC and to determine
whether it is appropriate to treat with a more conservative
strategy to minimize the side effects in children and
adolescents.

Methods
Patients

Data was collected from 276 cases who were initially
diagnosed with PTC under the age of 20 from January
2006 to December 2015 at the Fudan University Shanghai
Cancer Center. Patients included in this study needed to
meet the following criteria: (I) histologic confirmation of
PTC; (II) no aggressive variant type of PTC; (III) more
than two tumor foci; (IV) under the age of 20 at diagnosis;
and (V) with informed consent.

All the pathological results were reconfirmed by two
pathologists in the head and neck department according
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to the World Health Organization classification (10).
Histopathologic variants of PTC that were associated with
more unfavorable outcomes such as tall cell, columnar cell,
and hobnail variants of PTC were excluded in this study.
The protocol was approved by the Ethics Committee of
Fudan University Shanghai Cancer Center.

The tumor stage was classified according to the
American Joint Committee on Cancer TNM (AJCC/
TNM) staging system, 7th edition. All patients participated
in this study received total/near T'T or lobectomy by high-
volume thyroid surgeons (Q Ji performed 30 cases; Y
Wang performed 24 cases; Y Zhu performed 22 cases; D
Li performed 14 cases). Patients would have lobectomy as
opposed to TT if they met all of the following conditions:
(I) unilateral disease; (II) primary tumor size <4 cm; (1II)
without extrathyroidal extension and lymphovascular
invasion; and (IV) no clinical suspect lymph nodes in the
lateral neck. Therapeutic central-compartment (level VI)
and lateral neck lymph node dissection were performed for
patients with clinically involved neck nodes with or without
biopsy-proven.

RAI therapy was used in the selected patients. Patients
were recommended to have RAI after TT if they met any
of the following conditions: (I) lymphovascular invasion;
(II) extrathyroidal extension; (IIT) more than 14 metastatic
lymph nodes (no matter the size); (IV) primary tumor size
>4 cm; (V) any metastatic lymph nodes >3 cm; and (VII)
distant metastasis. No patients received chemotherapy or
kinase inhibitor therapy. Thyroid stimulating hormone
suppression therapy was performed in all patients for at
least 5 years.

Follow-up and clinical outcomes

Patients were reviewed in the clinic every 3 months in the
first year and every 6 months for the next 4 years, then
annually after 5 years. During the follow-up, laboratory
tests, ultrasound of the neck, and pulmonary computed
tomography (CT) were arranged for the patients.
Ultrasound on the contralateral lobe was also arranged for
patients who received lobectomy only. When the suspected
lymph nodes or nodule in the neck area occurred, a fine-
needle biopsy was used to confirm metastasis. Patients who
received T'T and RAI were also monitored by thyroglobulin
(Tg) and a diagnostic "'l whole body scan during the
follow-up. The recurrent event and clinical status at the
time of the last follow-up was recorded for each patient.
During the follow-up, the recurrent site was neck lymph
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nodes for all of the local recurrent patients. The lung
and bone were two sites of distant metastasis. None of
the patients had a persistent elevated Tg level without a
structural disease. At the last follow-up time, the status of
patients was recorded as follows: (I) no evidence of disease:
no biochemical or structural evidence of disease; (II)
progressive disease: tumor developed progressively in the
neck or distant area; (III) stable disease: tumor developed
in the neck or distant area, but the disease was in a stable
status.

Statistical analysis

Continuous variables were expressed as the mean and
standard deviation (SD), and categorical variables were
expressed as number and frequencies (%). The Student
t-test, Wilcoxon rank-sum test, Pearson Chi-square test,
and Fisher exact test were used to compare continuous and
categorical variables according to the type and distribution
of data.

The log-rank test was used to compare the recurrence-
free survival rate of different subgroups. Cox proportional
hazard regression models were used to estimate the hazard
ratio (HR) and 95% CI for incident recurrence.

All of the P values and 95% ClIs were estimated in a
two-tailed manner. Differences were considered to be
statistically significant at P<0.05. Data were analyzed using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
General characteristics of the study population

Ninety-four among 276 were multifocal PTC patients in
which 1 case was lost in the follow-up, and another 3 cases
were diagnosed of tall cell variant of PTC. Finally, 90 cases
were included in this study cohort. The clinicopathologic
characteristics of the 90 patients included in this study are
provided in 7able 1. The median age at initial diagnosis was
16, ranging from 8 to 19. The majority of patients were
female (69 cases, 76.67%). The size of largest dominant
tumor in more than half of the patients (64.44%) was
>2 cm while the most non-dominant tumor was <2 cm.
Extrathyroidal extension were present in 44 cases.
Lymphovascular invasion were present in 16 patients.
Most multifocal PTC patients in the study were bilateral
in the cancer side with a median of 3.12 foci. Seventy-
nine of 90 cases received total/near TT, and the others
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received lobectomy only. Eleven of 15 cases with unilateral
multifocal PTC received lobectomy only. Prophylactic
neck dissections were not performed in any of the patients.
More than 80% of all the patients received therapeutic level
VI and/or lateral neck dissections. Eighty-eight patients
involved in the study had nodal involvement (97.78%),
with 14 patients with N1a disease and 74 patients with N1b
diseases. Five cases were found to have lung metastasis
at the time of diagnosis. Only 47 patients had RAI after
surgery including 5 cases who had lung metastasis at the
time of diagnosis (M1 cases).

Clinical outcomes of the cobort

The median follow-up time was 54.28 months, ranging
from 6.10 to 141.27 months. Fifteen patients had tumor
recurrence during the follow-up time. Most of them were
female, and all of them had lymph node involvement in the
lateral neck. Extrathyroidal extension developed in 10 cases
and lymphovascular invasion developed in 7 cases. Four of
the 15 recurrent patients received RAI after initial therapy.
Among these 15 patients, 1 patient was in the M1 stage at
the time of diagnosis. Her metastatic pulmonary foci were
stable after initial RAI therapy. After 21.6 months, we found
recurrent lymph nodes in her neck area. Supplementary
neck dissection was performed successfully, and the patient
had stable disease (lung) by the end of the follow-up.
Another 6 patients who only had neck recurrence were all
treated with supplementary neck dissection and achieved
no evidence of disease by the end of follow-up. Three cases
developed pulmonary metastasis after long-term follow-up.
The recurrence time was 67.96, 77.04, and 110.04 months.
After RAI therapy, 2 failed in the therapy, and only 1 had
a stable disease by the end of the follow-up. Two cases
developed recurrent disease in the neck and lung at the same
time. In 3 cases, there were first found recurrent lymph
nodes in the neck, and pulmonary metastasis developed
2 years later. All 5 of these patients did not have a stable
outcome after therapy. Among the other 4 patients who
were initially diagnosed with M1 stage, one had no evidence
of disease, and 4 had stable disease at the last follow-up. In
conclusion, at the last follow-up time, 78 patients had no
evidence of disease, 7 patients had progressive disease, and
5 had stable disease (Tuble 2).

Risk factors of recurrence

The univariate Cox regression analysis showed that age,
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Table 1 The clinicopathologic characteristics of the 90 patients Table 1 (continued)
Characteristics Value Characteristics Value
Age at diagnosis, years Lateral neck 77 (85.56)
Mean + SD 14.61+2.84 Total LN harvested
Median 15 Harvested <37 37 (41.11)
Range 8-19 37< harvested <52 17 (18.89)
Female gender, n (%) 69 (76.67) 59< harvested <68 20 (22.22)
Size of largest dominant tumor, n (%) Harvested >68 16 (17.78)
<tcm 15(18.89) Total LN involved
>1,<2.cm 15(16.67) Involved <14 35 (38.89)
>2, =4 cm 33 (34.44) 14< involved <20 20 (22.22)
>4 cm 27 (30.00) 20< involved 27 17 (18.89)
Size of non-dominant tumor, n (%) Involved >27 18 (20.00)
<tcm 73(61.11) LN ratio
>1, 2 om 11 (12.22) Ratio <2 33 (36.67)
>2, <4 cm 5(5.56) 2< ratio <3 34 (37.78)
>4 cm 1.1 Ratio >3 23 (25.56)

0,
N stage, n (%) RAI after surgery, n (%)

N1A 14 (15.56) Yes 47 (52.22)

N1B 74 (82.22) No 43 (47.78)

M stage, n (%) SD, standard deviation; LVI, lymphovascular invasion; ETE,

MO (stage ) 85 (94.44) extrathyroidal extension; LN, lymph node.

M1 (stage Il) 5 (5.56)
ETE, n (%) 44 (48.89) Table 2 Follow-up clinical outcomes of all of the patients (n=90)
LVI, n (%) 16 (17.78) Variables Value
Foci number, n (%) Time from diagnosis to the last follow-up, months

2 47 (52.22) Mean + SD 62.36+32.67

3 13 (14.44) Median 54.28

4 16 (17.78) Range 6.10-141.27

>4 14 (15.56) Recurrence during the course of follow-up 15
Cancer side, n (%) Clinical outcome at the end of the follow up, n (%)

Unilateral 15 (16.67) No evidence of disease 78

Bilateral 75 (83.33) Recurrent disease(lung) 7
Surgery, n (%) Persistent disease 5

Lobectomy 11 (12.22)

Total/near total 79 (87.78)

Level VI 79 (87.78)

Table 1 (continued)
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Table 3 Univariable Cox analysis of factors associated with
recurrence-free survival (local/distant)

Characteristics HR (95% ClI) P value
Age 0.82 (0.69, 0.96) 0.0134
Sex (female) 1.03(0.33, 3.25) 0.9583
Size of largest dominant tumor

<lcm References -

>1,<2cm 1.33 (0.64, 2.74) 0.4448

>2, <4 cm 0.82 (0.44, 1.53) 0.5359

>4 cm 0.98 (0.51, 1.87) 0.9496
Size of non-dominant tumor

<lcm Reference -

>1, <2 cm 2.64 (0.81, 8.43) 0.1077

>2, <4 cm - -

>4 cm 2.84 (0.33, 24.27) 0.3396
M stage 1.09 (0.14, 8.45) 0.9346
LvI 3.15(1.07, 9.25) 0.0366
ETE 2.67 (0.85, 8.45) 0.0439
Foci number

<2 Reference -

3 1.21 (0.32, 4.58) 0.7784

4 1.14 (0.30, 4.38) 0.8501

>4 0.50 (0.06, 4.05) 0.5141
Cancer side (unilateral) 0.67 (0.21,2.17) 0.5033

Table 3 (continued)

extrathyroidal extension and lymphovascular invasion
were the risk factors for postoperative recurrence (Table 3);
however, on multivariate adjustment, the lymphovascular
invasion was the only independent risk factor for recurrence
(Table 4). On Kaplan-Meier survival curves of patients
with PTC, lymphovascular invasion and extrathyroidal
extension were associated with a decline in recurrence-
free survival (Figures 1,2). In a striking contrast, there was
no difference in the recurrence-free survival curves in
patients, irrespective of the treatment they received whether
lobectomy or T'T, RAI or no RAI (Figures 3,4).

Discussion

To our knowledge, this is the first study to define the long-
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Table 3 (continued)
Characteristics HR (95% ClI) P value
Surgery

Lobectomy Reference -

Total/near total 1.43 (0.32, 6.35) 0.6397

Level VI 0.68 (0.09, 5.25) 0.7110

Lateral neck - -
Total LN involved

Involved <14 References -

14< involved <20 1.48 (0.30, 6.65) 0.6655

20< involved <27 2.52 (0.60, 10.47) 0.2049

27< involved 1.91 (0.47, 7.69) 0.3637
Total LN involved

Harvested <37 References -

37< harvested <52 0.72 (0.14, 3.75) 0.6992

52< harvested <68 1.12 (0.26, 4.75) 0.8766

Harvested >68 1.98 (0.57, 6.86) 0.2799
LN ratio

Ratio <2 Reference -

2< ratio <3 1.82 (0.59, 5.69) 0.3004

Ratio >3 0.60 (0.12, 3.13) 0.5457
RAI after surgery 0.78 (0.25, 2.44) 0.6695

Cl, confidence interval; ETE, extrathyroidal extension; LVI,
lymphovascular invasion; LN, lymph node; RAI, radioactive
ablation.

time outcomes of multifocal PTC patients in Chinese
children and adolescents with a median follow-up for
5 years. Although most patients have N1 disease, the
recurrence rate was low (15/90) in this cohort. At the last
follow-up time, 78 patients had no evidence of disease and
no one died from thyroid cancer. The results indicating the
low-risk behavior and proper treatment of this presentation.

Multifocal involvement is a common presentation in
PTC of children and adolescents. According to our data, 1
in 3 pediatric PTC patients had multifocal disease. Tumor
multifocality is often regarded as a risk factor for the poor
prognosis of PTC, prompting more aggressive treatments.
However, there is no well-established evidence to support
this practice. Previous studies have controversial opinions
about whether multifocality was a risk factor for thyroid
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Table 4 Hazard ratios of the clinicopathological characteristics for recurrence of thyroid cancer in multivariate Cox proportional hazards analysis

Parameter Parameter estimate Std. 1 P value HR (95% ClI)
Age -0.21 0.13 2.46 0.1165 0.81 (0.62, 1.05)
Sex -0.80 0.77 1.09 0.2973 0.45 (0.10, 2.02)
M stage 0.56 1.20 0.21 0.6434 1.75(0.17, 18.53)
LVI 2.04 0.88 5.38 0.0204 7.71 (1.37, 43.36)
ETE -0.20 0.84 0.06 0.8127 0.82 (0.16, 4.24)
Cancer side -1.29 1.18 1.20 0.2740 0.28 (0.03, 2.78)
Surgery type 0.48 1.22 0.15 0.6939 1.61 (0.15, 17.54)
Level VI -0.37 1.73 0.05 0.8307 0.69 (0.02, 20.39)
RAI after surgery 0.05 0.79 0.004 0.9473 1.05 (0.22, 5.00)
14<involved LN <20 0.16 1.00 0.026 0.8715 1.17 (0.17, 8.13)
20< involved LN <27 0.51 1.21 0.17 0.6763 1.66 (0.15, 17.82)
27< involved LN <37 -0.72 1.33 0.29 0.5895 0.49 (0.04, 6.62)
37< harvested LN <52 -1.15 1.07 1.15 0.2840 0.32 (0.04, 2.59)
52< harvested LN <68 0.31 1.08 0.08 0.7769 1.36 (0.16, 11.26)
Harvested >68 0.30 1.10 0.07 0.7874 1.35(0.16, 11.62)
ETE, extrathyroidal extension; LVI, lymphovascular invasion; LN, lymph node; RAIl, radioactive ablation; HR, hazard ratio; CI, confidence
interval.
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Figure 1 Kaplan-Meier survival curve analysis of the effect of
lymphovascular invasion on disease recurrence-free survival

(P=0.0277).

cancer recurrence (11-16). Recently, a multicenter study of
a large cohort demonstrated that tumor multifocality has no
independent risk prognostic value in clinical outcomes of
PTC (17). Thus, its indiscriminative use as an independent
risk factor prompting overtreatment of patients should
be avoided. In the 2015 update of the American Thyroid
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Follow-up time, months
Figure 2 Kaplan-Meier survival curve analysis of extrathyroidal

extension on disease recurrence-free survival (P=0.0416).

Association guidelines, multifocality itself was not regarded
as a risk factor in the three-tiered categorical risk of
recurrence system (4).

Compared to adults, children present with more lymph
nodes involved and lung metastases. The rate of lymph
node metastasis is reported to be about 60-80% and the rate
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of lung metastasis is around 10% (18,19). In our study, 88
patients had nodal involvement (97.78%), with 14 patients
with Nla disease and 74 patients with N1b disease. Five of
90 cases presented with lung metastases at initial diagnosis.
However, their biological effects were moderate, progression
was slow, and the final prognosis was good after active
treatment. Pediatric PTC is a rare disease. Most treatments
for pediatric PTC were learned from experience in the
adult PTC population. The latest ATA guidelines advocate
for a more conservative treatment including lobectomy
and less RAI in low-risk PTC patients. Paradoxically,
ATA guidelines for pediatric thyroid cancer did not
update its views: for the majority of patients with PTC,
TT is recommended as an initial surgical approach (20).
This recommendation for more comprehensive thyroid
surgery in pediatric patients is based on multiple data
showing an increased incidence of bilateral and multifocal
disease (30% and 65%, respectively) (21-23). However, in
the case that multifocality is not regarded as a risk factor,
TT or near-total T'T' may not be the only choice for the
multifocal patients. Pediatric thyroid cancer patients may be
at a low risk for death but a higher risk for long-term harm
from overly aggressive treatment. The complication of
TT includes permanent hypocalcemia and vocal paralysis,
which may affect children’s growth and development, even
threatening life. Under these circumstances, we advise
that lobectomy and no RAI could be one of the treatment
choices for the selective multifocal patients.

Our data indicated the possibility of a more conservative
treatment in this real-world treatment pattern. On Kaplan-
Meier survival curves of patients with PTC, lymphovascular
invasion and extrathyroidal extension were associated with
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a decline in recurrence-free survival. In a striking contrast,
there was no difference in recurrence-free survival curves
in patients regardless of whether they received lobectomy
or T'T, RAI or no RAI. For those with ipsilateral multifocal
foci and minor lymph nodes without lymphovascular
invasion and extrathyroidal extension, lobectomy may be
a proper treatment due to its low recurrence risk. In our
study, 11 patients received lobectomy alone. During the
follow-up, 2 of them had recurrent disease on the lateral
neck. Both of them were treated with supplementary neck
dissection and achieved no evidence of disease by the end
of follow-up. To our knowledge although recurrent disease
occurred in those 2 patients, until the last follow-up, they
were free of disease. The trend toward a worse outcome
with lobectomy may occur due to the relatively small cases
of the population in the lobectomy group (11 vs. 79). The
important fact is that the Kaplan-Meier survival curves
did not show a significant difference between the two
populations with different surgical types.

The goal of RAI is to decrease the risks of thyroid
cancer recurrence and theoretically to improve mortality
by eliminating iodine-avid disease. RAI was proposed
as a specific treatment for DTC in 1946 and has been
broadly applied for both adults and children (24). Universal
administration of RAI for pediatric patients has not been
accepted due to the conflicting results regarding the
potential benefit from RAI In one large study, RAI did
not decrease the risk for loco-regional recurrence, distant
metastases, or all-sites recurrence compared with surgery
alone, but there was a trend toward reduction in the risk of
distant metastases (P=0.06) (7). Unfortunately, the overall
survival (OS) was reduced in patients who received "''I,
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and the chance of second malignancies was also increased.
Another study also found no improvement in disease-free
survival (DFS) following adjuvant RAI (25), but additional
studies revealed a significant improvement in DFS for
children with PTC treated with "'T and no clear increase
in the risk of second primary malignancies (26). Until now,
no published data has confirmed the survival benefit of RAI
for children. Furthermore, with the increased awareness
of the potential long-term side effects of RAI, there has
been growing opinion that RAI may not be necessary for
patients who have a low likelihood of benefit from therapy.
The majority of available data are based on a non-stratified
approach in which all children underwent T'T and variable
extent of lymph node dissection, and the majority received
therapeutic "'I. So the utility of lobectomy and no RAI
have not fully validated. In our retrospective study, only 47
of 90 patients had RAI after surgery including 5 cases in
whom lung metastasis was found at the time of diagnosis
(M1 cases). For us, the challenge is to reduce the
unnecessary exposure of "’'T to children who may not
benefit without increasing disease-specific morbidity and
mortality. The decision of RAI treatment was based both
on the doctor’s advice and the patients’ wishes in the real-
world treatment pattern. There were 5 patients who met
the conditions but refused to receive RAI in our study. Two
were concerned that the exposure of the radioactive iodine
might lead to second malignancy. The other 3 were worried
about a future risk of infertility.

Conclusions

Our retrospective study was the first study to define the
long-time outcome of a large cohort of multifocal PTC
patients less than 20 years old who were treated in China.
We hope to investigate the performance of surgery-based
multidisciplinary therapy for the multifocal pediatric PTC
in the real-world treatment pattern. It is true that most
pediatric patients suffered from the more severe stage of
disease at the time of diagnosis and most of them need
TT and RAIL. However, our retrospective results had
satisfactory DFS and OS, which opens the possibility of a
more conservative treatment strategy that can minimize
the side effects in selected children and adolescent patients.
The limitation of the study is the relatively short follow-
up time and limited number of cases. The pediatric patients
who underwent treatment may have recurrence 20 years
later and may have long term complications (secondary
malignancy with RAI) which may not develop for a decade
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or more. Unfortunately, short-term follow-up cannot be
used to make long-term recommendations. Consequently,
these findings should not be overstated. Further research is
required to confirm our results.
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