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Purpose: Papillary thyroid carcinoma (PTC) in children and adolescents is prone to lateral 
lymph node metastasis (LNM), which is a high-risk factor for recurrence. However, few 
studies focused on identifying risk factors and establishing prediction models for lateral 
LNM of PTC in children and adolescents.
Patients and Methods: We retrospectively reviewed consecutive cases of children and 
adolescents with PTC undergoing thyroidectomy and cervical lymph node dissection 
between January 2009 and December 2019. The demographics and clinicopathologic fea-
tures were collected and analyzed.
Results: A total of 102 children and adolescents with PTC were enrolled in our study; 51 of 
whom had lateral LNM (50%). After adjusting for other risk factors, the independent risk 
factors for lateral LNM were multifocality (odds ratio [OR]: 6.04; 95% confidence interval 
[CI]: 1.653–22.092; p=0.007), tumor size (OR: 1.752; 95% CI: 1.043–2.945; p=0.034), and the 
number of central LNM (OR: 1.23; 95% CI: 1.028–1.472; p=0.023). The formula of the 
combined predictor is: Multifocality + 0.31 × Tumor size + 0.115 × Number of central LNM. 
The area under the receiver operating characteristic curve of multifocality, tumor size, number 
of central LNM, and the combined predictor was 0.706, 0.762, 0.748, and 0.855, respectively. 
When the value of the combined predictor was ≥2.2744, lateral LNM could be predicted. The 
sensitivity and specificity of the predicted value were 82.4% and 74.5%, respectively.
Conclusion: The independent risk factors for lateral LNM in children and adolescents with 
PTC were multifocality, tumor size, and the number of central LNM. The prediction model 
can better predict the presence of lateral LNM.
Keywords: papillary thyroid cancer, lymph node metastasis, risk factor, prediction model, 
pediatric surgery

Introduction
Although the incidence of thyroid nodules in children and adolescents is low, the 
rate of malignancy is higher compared with that recorded in adults. Papillary 
thyroid carcinoma (PTC) is the most common pediatric endocrine malignancy, 
accounting for 1% and up to 7% of all cancer cases in prepubertal children and 
adolescents, respectively.1 Compared to adults with PTC, children and adolescents 
with PTC have unique clinicopathological features, such as higher rates of lymph 
node metastasis (LNM), extrathyroidal extension (ETE), and pulmonary metastasis, 
and lower mortality rate.2,3 Even for pediatric patients with clinically node negative 
(cN0) PTC, the rate of LNM was as high as 75%.4
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The presence, degree, and distribution of LNM have 
a significant impact on the recurrence rate in children and 
adolescents with PTC,5 ranging 10–35%.6,7 Sugino et al7 

reported a 22.2% recurrence rate among 130 cases of PTC 
in children and adolescents, and identified the presence of 
clinically positive lymph node, ETE, and a number of 
metastatic lymph nodes ≥10 as high-risk factors for recur-
rence. Byeon et al further proposed that lateral LNM rather 
than central LNM was an independent risk factor for 
disease recurrence.8 This finding was supported by other 
studies.5,9–11 Spinelli et al found that the rate of lateral 
compartment metastasis achieved 42.4% in children and 
adolescents with PTC.12

Thus far, there are no randomized trials investigating 
the treatment approaches for pediatric PTC; historically, 
the therapeutic approach is extrapolated from experience 
with adult patients.13,14 The American Thyroid 
Association guidelines only recommend therapeutic lateral 
lymph node dissection (LND) in patients with cN1b. 
However, they do not recommend preventive lateral 
LND in patients with cN0 or cN1a. In other words, lateral 
LND was performed only in pediatric patients in whom 
lateral LNM was suspected by preoperative imaging 
examination or intraoperative lymph node exploration. 
The diagnostic value of preoperative imaging examination, 
such as ultrasound for lateral LNM, remains 
questionable.15,16 Based on an exceptional study in 
which all patients underwent therapeutic or prophylactic 
lateral LND, Ito et al reported that the sensitivity of pre-
operative ultrasound in the diagnosis of lateral LNM was 
as low as 27.3%.15 Therefore, it is of great significance to 
investigate other methods for predicting lateral LNM, 
which may provide a beneficial supplement to imaging 
examination. The aim of this study was to identify risk 
factors for lateral LNM, establish a prediction model, and 
analyze its value.

Patients and Methods
Patients
Approval for this study was obtained from the ethics commit-
tee of Qilu Hospital of Shandong University in compliance 
with the tenets of the Declaration of Helsinki. Written 
informed consent and patient parental informed consent was 
obtained from all participants and their parents. Patient par-
ental consent to review their medical records were required by 
the ethics committee. The data of consecutive children and 
adolescents with PTC undergoing surgery in our hospital 

between January 2009 and December 2019 were retrospec-
tively analyzed. Children and adolescents were defined as 
those aged ≤21 years according to the literature.13,14,17 All 
patients were diagnosed with high-resolution ultrasonography 
and, in most cases, disease was confirmed by fine-needle 
aspiration. Enhanced computed tomography was performed 
in each patient for a detailed preoperative evaluation of 
nodules and the cervical lymph nodes. All patients underwent 
thyroidectomy and cervical LND.

The exclusion criteria for patients were as follows: 1) 
lost to follow-up or with missing clinicopathological data; 2) 
presence of recurrent PTC; 3) presence of other pathologic 
types of thyroid cancer; 4) previous thyroid surgery or 
a history of irradiation involving the neck region; and 5) 
lack of lymph nodes in pathology despite undergoing LND.

Patient data were extracted from medical records and 
analyzed for various clinicopathologic factors, including 
demographics, tumor features, and postoperative pathologic 
details.

Surgical Procedures
Central LND was defined as a level of VI dissection, 
including the prelaryngeal, pretracheal, and unilateral or 
bilateral paratracheal lymph nodes. Lateral LND was 
defined as the excision of the lateral neck lymph nodes, 
including levels II–V; the minimum lateral LND range 
includes levels IIa, III, and IV.18,19 According to the 
American Thyroid Association guidelines for children 
with PTC, all patients underwent central LND regardless 
of suspected lymph nodes.20 Concerning the lateral lymph 
nodes, if the preoperative imaging examination indicated 
a suspected lymph node, we performed preoperative fine 
needle aspiration or intraoperative biopsy to reach 
a definitive diagnosis. Because the sensitivity and specifi-
city of preoperative imaging examination were highly 
controversial, we performed lymph node biopsy based on 
the intraoperative exploration when the imaging examina-
tion did not indicate suspicious lymph nodes. Only 
patients with suspected or confirmed metastasis to the 
lateral neck region underwent lateral LND.

Histopathologic Examination with 
Surgical Specimens
Surgical specimens were microscopically examined by at 
least two experienced pathologists. Histopathologic exam-
ination included the cell sub-type of the main lesion, 
primary tumor size (measured as the longest diameter of 
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the largest lesion), multifocality, ETE, lymphatic vascular 
(LV) invasion, intrathyroidal spreading, number of central 
LNM, and underlying conditions of the thyroid, such as 
Hashimoto’s thyroiditis (HT). Multifocality was defined as 
having at least two lesions of PTC in a single lobe or two 
lobes. Intrathyroidal spreading referred to a major thyroid 
carcinoma with surrounding scattered small lesions, with 
features of heterotypic cells, psammoma bodies, and lym-
phatic vessel invasion.19 ETE was defined as tumor exten-
sion into the adjacent tissues and subdivided into minimal 
and massive ETE. Capsular invasion, equal to infiltration 
of the thyroid capsule, is a type of minimal ETE.21 Herein, 
minimal ETE was defined as extension of the primary 
tumor to the perithyroidal soft tissues or the strap muscles. 
Massive ETE was defined as extension of the primary 
tumor to the trachea, esophagus, recurrent laryngeal 
nerve, larynx, subcutaneous soft tissue, skin, internal jugu-
lar vein, or carotid artery.22

Statistical Analysis
SPSS version 20.0 (IBM Corporation, Armonk, NY, 
USA) was used for data analysis, and p<0.05 denoted 
statistical significance. The numerical variables were 
firstly tested for normality. Normally distributed vari-
ables were expressed as the mean ± standard deviation 
and analyzed using t-tests. Non-normally distributed 

variables were expressed as the median with interquar-
tile range and analyzed using the Kruskal–Wallis H-test. 
Categorical variables were compared using the χ2 test. 
Logistic regression was used for multivariate analysis. 
The prediction model is derived from the regression 
coefficient. A receiver operating characteristic (ROC) 
curve was plotted and the area under the curve was 
used to evaluate the diagnostic value of risk factors 
and the combined predictor. By calculating the Yoden 
index, the combined predictor corresponding to the max-
imum Yoden index was found, and its sensitivity and 
specificity were calculated.

Results
From January 2009 to December 2019, a total of 113 
children and adolescents underwent surgery for thyroid 
cancer. Among them, 11 patients met the exclusion criteria 
and were not included in this study. The flow chart of 
patient selection is shown in Figure 1.

A total of 102 children and adolescents with PTC were 
enrolled into our retrospective study; of those, 76 (74.5%) 
and 26 (25.5%) were females and males, respectively. The 
median age was 17 years. Of the patients, 51 had lateral 
LNM (50%). The baseline data of patients are shown in 
Table 1.

Figure 1 Flow chart of patient’s selection. 
Abbreviations: LND, lymph node dissection; MTC, medullary thyroid cancer.
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High Risk Factors for Lateral LNM of 
PTC in Children and Adolescents
A univariate analysis showed that the groups of patients 
with and without lateral LNM were comparable in terms 
of sex (p=0.173), HT (p=0.336), intrathyroidal spreading 
(p=0.135), and LV invasion (p=0.461). There was signifi-
cant difference between patients with and without lateral 
LNM in terms of age (p=0.001), multifocality (p<0.001), 
diffuse sclerosing variant (DSV)-PTC (p=0.027), ETE 
(p=0.011), tumor size (p<0.001), and the number of central 
LNM (p<0.001) (Table 2).

To exclude the influence of each variable factor, we 
subsequently performed a logistic regression analysis of 
lateral LNM. The independent risk factors for lateral LNM 
identified through this analysis were multifocality (odds 
ratio [OR]: 6.043; 95% confidence interval [CI]: 1.653–-
22.092; p=0.007), tumor size (OR: 1.752; 95% CI: 1.043–-
2.945; p=0.034), and the number of central LNM (OR: 
1.23; 95% CI: 1.028–1.472; p=0.023). Age, DSV-PTC, 
and ETE were not independent risk factors for lateral 
LNM (Table 2).

Establishment and Value of the Prediction 
Model
According to the regression coefficient of the logistic 
regression analysis, the calculation formula of the predic-
tion model is as follows:

Combined predictor = Multifocality + (0.561/1.799) × 
Tumor size + (0.207/1.799) × Number of central LNM = 
Multifocality + 0.31 × Tumor size + 0.115 × Number of 
central LNM.

We calculated the ROC curve of multifocality, tumor 
size, number of central LNM, and combined predictor 
(Figure 2). The area under the curve of the four predictors 
was 0.706, 0.762, 0.748, and 0.855, respectively; the com-
bined predictor exhibited the greatest value.

Yoden index = sensitivity + specificity − 1
The maximum Yoden index was 0.569, and the corre-

sponding combined predictor was 2.2744. Therefore, when 
the combined predictor was ≥2.2744 (calculated using the 
above formula), the occurrence of lateral LNM could be 
predicted. The sensitivity and specificity of the predicted 
value were 82.4% and 74.5%, respectively.

Discussion
Previous studies on the risk factors for lateral LNM have 
almost always targeted adults with PTC. These significant 
risk factors are mostly associated with tumor aggressive-
ness, which included central LNM, ETE, tumor multi-
focality, tumor size, LV invasion, etc.19,23,24 Currently, 
there is limited literature on the risk factors for lateral 
LNM of PTC in children and adolescents. Spinelli et al 
proposed that infiltration of the thyroid capsule, massive 
ETE, distant metastasis (DM), classic subtype of PTC, 
and central LNM were significantly associated with lat-
eral LNM.12 Kim et al identified four tumor characteris-
tics associated with an increased risk of LNM in pediatric 
PTC: larger tumor size; ETE; DM; and tumor 

Table 1 The Baseline Data of 102 Pediatric Patients

Clinicopathologic Features

Sex

Male/Female 26/76

Age (years)

Median with IQR (years) 17 (15–19)

≤15/15–21 31/71

Tumor size
Median with IQR (cm) 2.1 (1.2–3.0)

<2 cm/2–4cm/>4 cm 45/40/17

Multifocality

Yes/No 71/31

DSV-PTC

Yes/No 94/8

ETE

No/minimal/massive 44/46/12

LV invasion

No/Yes 94/8

Intrathyroidal spreading

No/Yes 82/20

The number of positive central lymph nodes 419 (Total)

Median with IQR 3 (1–6)

The number of total central lymph nodes 721 (Total)

Median with IQR 5 (4–10)

The number of positive lateral lymph nodes 416 (Total)

Median with IQR 6 (3–12)

The number of total lateral lymph nodes 1344 (total)

Median with IQR 21 (14–34)

Note: Non-normally distributed variables were expressed as median with inter-
quartile range (IQR). 
Abbreviations: ETE, extrathyroidal extension; LV invasion, lymphatic vascular 
invasion; CLNM, central lymph nodes metastasis; DSV-PTC, diffuse sclerosing 
variant-papillary thyroid cancer; HT, Hashimoto’s thyroiditis.
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multifocality.25 In the study of children and adolescents 
with PTC in a post-Chernobyl exposed region, Fridman 
et al suggested that lateral LNM was associated with the 
age and sex of patients, tumor size, minimal ETE, solid 
architectonic, extensive desmoplasia in carcinoma, pre-
sence of psammoma bodies, extensive involvement of the 
thyroid, and the central lymph node ratio (LNR; number 
of metastatic lymph nodes/number of dissected nodes).5 

According to the above literature, lateral LNM in children 
and adolescents with PTC is also mainly associated with 
factors representing tumor aggressiveness and 
progression.

In this study, tumor size was significantly associated 
with lateral LNM, consistent with the results reported in 
other studies.5,25 Shi et al suggested that the OR for lateral 
LNM continued to increase by size relative to a 1–10 mm 
baseline, and multi-stratification by size could provide 
more precise estimates of the likelihood of LNM in adult 

patients prior to surgery.26 The present study indicated 
that, as the tumor size increased by 1 cm, the risk of lateral 
LNM increased by 1.752-fold. The area under the ROC of 
the tumor size was 0.762, indicating the good accuracy of 
the tumor size for the prediction of lateral LNM. More 
importantly, the tumor size can be determined preopera-
tively by ultrasound, allowing doctors to closely examine 
the risk of lateral LNM prior to surgery.

The number of central LNM was another independent 
risk factor for lateral LNM of PTC in children and ado-
lescents; this finding was supported by other studies on 
pediatric patients.5,12 Generally, central lymph node is the 
initial site for LNM, followed by the lateral lymph nodes. 
We found that, as the number of central LNM increased by 
1, the risk of lateral LNM increased by 1.23-fold. The area 
under the ROC of the number of central LNM was 0.748. 
We previously analyzed risk factors for lateral LNM in 
adult patients with papillary thyroid microcarcinoma. 

Table 2 Risk Factors for Lateral LNM in Children and Adolescent Patients with PTC

Lateral LNM p B OR 95% C.I. P

No Yes Lower Limit Upper Limit

Age ≤15 8 23 0.001 0.770 2.16 0.677 6.897 0.193

16–21 43 28 0 1

Sex Female 41 35 0.173

Male 10 16

Multifocality Yes 5 26 <0.001 1.799 6.043 1.653 22.092 0.007
No 46 25 0 1

DSV-PTC Yes 1 7 0.027 0.414 1.513 0.122 18.714 0.747

No 50 44 0 1

ETE Minimal ETE 20 26 0.029 0.239 1.270 0.431 3.745 0.665

Massive ETE 3 9 0.403 1.496 0.183 12.227 0.707
No 28 16 0 1

LV invasion Yes 3 5 0.461
No 48 46

HT Yes 9 13 0.336

No 42 38

Intrathyroidal spreading Yes 7 13 0.135

No 44 38

Tumor Size 1.5 (1–2.5) 3 (2–4) <0.001 0.561 1.752 1.043 2.945 0.034

The number of CLNM 3 (1–4) 5 (3–7)) <0.001 0.207 1.230 1.028 1.472 0.023

Notes: Variables in bold show statistical significance. Based on the regression coefficient from above logistic regression analysis, the formula for calculating prediction model 
of lateral LNM in children and adolescent patients with PTC can be obtained as follows: Combined predictor=Multifocality+(0.561/1.799) × Tumor size +(0.207/1.799) × The 
number of central LNM= Multifocality+ 0.31×Tumor size +0.115 × The number of central LNM. 
Abbreviations: ETE, extrathyroidal extension; LV invasion, lymphatic vascular invasion; CLNM, central lymph nodes metastasis; DSV-PTC, diffuse sclerosing variant- 
papillary thyroid cancer; HT, Hashimoto’s thyroiditis.
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Although tumor size, ETE, intrathyroidal spreading, and 
tumor multifocality were associated with lateral LNM, 
only central LNM was a significant risk factor after adjust-
ing for other risk factors.19

Some authors proposed that an increase in the number 
of tumors was associated with an increased risk of ETE, 
LV invasion, and LNM.27 In pediatric patients with PTC, 
multifocality was also regarded as an independent risk 
factor for lateral LNM,25 consistent with the results of 
the present study. We furthermore demonstrated that 
pediatric patients with multifocality had a 6.043-fold 
greater risk of lateral LNM than those without multifocal-
ity. The area under the ROC of the number of central LNM 
was 0.706.

Regarding other influential factors, the sex of prepu-
bertal children is not related to pediatric and adolescent 
PTC. However, after puberty, females are at a 4–5-fold 
higher risk of developing thyroid cancer than males.28 In 
this study, sex was not associated with lateral LNM of 
PTC in children and adolescents.

DSV-PTC is more frequently found in pediatric 
patients than adults. This type is associated with a more 
aggressive behavior and a less favorable outcome than 
conventional PTC.29 Although it was significant in uni-
variate analysis, DSV-PTC was not an independent risk 
factor after adjusting for other risk factors in this study. 
This may be because the conventional subtype of PTC also 
has a high rate of lateral LNM in pediatric patients.12

Prepubertal children with DM are linked to poor clin-
ical outcomes.16,23 The present study used a cut-off point 
of 15 years of age to classify the patients into prepubertal 
children and adolescents, according to previous 
literature.12 However, we did not observe a higher rate of 
lateral LNM in prepubertal children versus adolescents.

The presence of LV invasion, which was significantly 
associated with LNM in adult patients, should be consid-
ered as an indicator of aggressive clinicopathological 
features.23,30 In this study, LV invasion was not an inde-
pendent risk factor for lateral LNM in pediatric PTC. This 
result is consistent with those of studies on lateral LNM of 
PTC in children and adolescents.12,25

ETE indicates poor prognosis for adult patients with 
PTC. Although ETE is often observed in PTC, its associa-
tion with LNM remains controversial. In general, the pre-
sence of massive ETE (an adverse pathologic feature) is 
predictive of LNM.31 In pediatric patients with PTC, both 
massive ETE and infiltration of thyroid capsule were sig-
nificantly associated with lateral LNM.12 In our study, 
ETE was not an independent risk factor for lateral LNM. 
This finding was consistent with those of our previous 
research on lateral LNM in adult patients with papillary 
thyroid microcarcinoma.19 This may be because the asso-
ciation of ETE with LNM was based on the tumor size.32

Thus far, there have been no reports on a prediction 
model for lateral LNM of PTC in children and adolescents. 
Central LNR (number of metastatic lymph nodes/number 
of dissected nodes) was adopted to predict lateral LNM. 
This may be a useful predictor for stratifying the like-
lihood of recurrence in pediatric patients undergoing cen-
tral or lateral LND for pathologic N1a or N1b PTC.17 

Fridman et al suggested that a high central LNR (eg, 
>0.5) was significantly associated with high risk for devel-
oping lateral LNM.5 However, LNR is not a prediction 
model which combines all independent risk factors by 
regression coefficient. Furthermore, LNR is susceptible 
to other factors. For example, a higher LNR is required 
to predict the presence of lateral LNM in patients with HT, 
and the central LNR (HT ≥0.4; non-HT ≥0.6) was inde-
pendently associated with the occurrence of lateral 
LNM.33 From this study, it can be concluded that the 
predictive value of the combined predictor (determined 
by calculating the area under ROC curve of multifocality, 
tumor size, number of central LNM, and combined pre-
dictor) is greater than that of any single risk factor. We 
further noted that a value for the combined predictor 
≥2.2744 was indicative of the occurrence of lateral 

Figure 2 The ROC curve of multifocality, tumor size, number of central LNM and 
combined predictor. The area under the curve of the multifocality, tumor size, the 
number of CLNM and combined predictor was 0.706 (95% CI, 0.603–0.808), 0.762 
(95% CI, 0.653–0.842), 0.748 (95% CI, 0.670–0.853) and 0.855 (95% CI, 0.782–-
0.928), respectively (all P<0.05). 
Abbreviation: CLNM, central lymph node metastasis.
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LNM. The sensitivity and specificity values were 82.4% 
and 74.5%, respectively, demonstrating the excellent pre-
dictive value of our model.

Firstly, to our knowledge, this is the first report of 
a prediction model for the development of lateral LNM of 
PTC in children and adolescents, in which multiple vari-
ables were systematically considered to estimate an indivi-
dual risk of lateral LNM. Secondly, as this was not 
a prospective study, the surgical team was unable to per-
form preventive lateral LND, which may be the premise to 
ensure the accuracy of this study. However, we carefully 
conducted intraoperative exploration in cases without the 
presence of a suspicious lateral lymph node in preoperative 
imaging examination. We adopted the incision of thyroid 
surgery to perform a rapid pathological examination of 
enlarged lymph nodes in the III and IV sub-compartments, 
which could ensure the accuracy of the rate of lateral LNM 
observed in this study. Thirdly, this investigation included 
a larger sample. Because PTC is rare in children and ado-
lescents, we collected data from a thyroid cancer treatment 
center over a 10-year period. Finally, we performed statis-
tical analysis of the numerical variables using the patient 
data. We did not group the tumor size and the number of 
central LNM into categorical variables as in previous 
studies.12,25 If a continuous numeric variable changed to 
a categorical variable through a cut-off point, the result may 
change as the cut-off point increases or decreases.23

Despite these advantages, this study had several limita-
tions. Firstly, as retrospective research, the presence of 
potential selection bias in this study was inevitable. The 
low annual incidence of pediatric PTC poses challenges 
for the design of prospective randomized trials. This has 
led to the extrapolation of pediatric treatment approaches 
based on the literature concerning adults with PTC. 
Secondly, unfortunately, the number of central LNM can 
only be identified postoperatively by histopathologic 
examination. The other two predictors can be preopera-
tively detected through low-sensitivity neck ultrasonogra-
phy. However, these factors identified postoperatively may 
be more suitable for guiding radioactive iodine therapy 
and accurate follow-up for pediatric patients.12

Conclusion
The independent risk factors for lateral LNM in children 
and adolescents with PTC were multifocality, larger tumor 
size, and higher numbers of central LNM. The calculation 
formula of the combined predictor for lateral LNM in 
pediatric PTC is as follows: Multifocality + 0.31 × 

Tumor size + 0.115 × Number of central LNM. The pre-
dictive value of these factors for lateral LNM is as follows 
(in descending order): the combined predictor, number of 
central LNM, tumor size, and multifocality. Therefore, the 
present model (≥2.2744) showed excellent accuracy for 
predicting the occurrence of lateral LNM in pediatric 
patients with PTC.

Abbreviations
PTC, papillary thyroid cancer; LNM, lymph node metastasis; 
LND, lymph node dissection; cN0, clinically node-negative; 
cN1, clinically node-positive; ETE, extrathyroidal extension; 
ROC curve, receiver operating characteristic curve; HT, 
Hashimoto’s thyroiditis; LV invasion, lymphatic vascular 
invasion; ATA, American Thyroid Association; DM, distant 
metastasis.
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