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Background

The current risk stratification methods for Pediatric Differentiated Thyroid Carcinoma (DTC) are deemed inadequate due to the high recurrence rates observed in this demographic. This study investigates alternative clinicopathological factors, specifically the Central Lymph Node Ratio (CLNR), for improved risk stratification in pediatric DTC.





Methods

A retrospective review of 100 pediatric DTC patients, aged 19 or younger, treated between December 2012 and January 2021 at the First Affiliated Hospital of Guangxi Medical University was conducted. Clinicopathological variables were extracted, and univariate logistic regression identified factors correlated with recurrence. Kaplan-Meier (KM) survival analysis and subsequent statistical tests were used to assess the significance of these factors.





Results

The CLNR, with a cutoff value of 77.78%, emerged as a significant predictor of recurrence. Patients with a CLNR above this threshold had a 5.467 times higher risk of recurrence. The high CLNR group showed a higher proportion of male patients, clinically lymph node positivity (cN1), and extrathyroidal extension (ETE) compared to the low-risk group (p<0.05).





Conclusion

CLNR is a valuable predictor for recurrence in pediatric DTC and aids in stratifying patients based on Recurrence-Free Survival (RFS). For patients with a high CLNR, aggressive iodine-131 therapy, stringent TSH suppression, and proactive postoperative surveillance are recommended to mitigate recurrence risk and facilitate timely detection of recurrent lesions.
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Introduction

Thyroid cancer ranks as the fourth most prevalent cancer in adults, yet it accounts for a mere 3% of all pediatric cancers (1, 2). Despite this, the incidence of pediatric thyroid cancer is increasing (3). Within this demographic, differentiated thyroid cancers (DTC) constitute 95% of cases, with papillary thyroid cancer predominating at 90% of DTC cases and follicular cancer comprising the remainder (4–6). Nonetheless, pediatric DTC exhibits a lower mortality rate than its adult counterpart (7, 8). The AJCC TNM system, 8th edition, solely considers the anatomic location of metastatic lymph nodes for nodal staging, delineating pN1a (central neck metastasis) and pN1b (lateral neck) (9). The 2015 ATA guidelines for pediatric DTC indicate that the TNM classification limits pediatric patients to stage I (no distant metastasis) or stage II (with distant metastasis) (6). Recognizing the TNM system’s limitations in stratifying pediatric DTC with high recurrence rates, the ATA has developed a risk stratification system categorizing children into low, intermediate, and high-risk groups. However, the criteria for defining intermediate risk, particularly regarding the number of lymph nodes for extensive N1a, remain ambiguous. Consequently, further investigation is warranted to establish the optimal threshold for metastatic lymph nodes. Additionally, the utility of this risk system in a large cohort has yet to be validated (10). Recent research has underscored the lymph node ratio (LNR) as a more reliable prognostic indicator for recurrence in adult thyroid cancer than TNM staging (9). Jeon et al. have also shown that the number of metastatic lymph nodes and extrathyroidal extension are predictive of recurrence in pediatric DTC (10). However, the role of LNR as a recurrence predictor in pediatric DTC has not been thoroughly explored. Our study aims to identify statistically significant variables influencing recurrence and recurrence-free survival in pediatric DTC by analyzing clinicopathological features, including lymph node ratio, number, and location of metastatic lymph nodes.





Materials and methods

Guidelines from the American Thyroid Association and current research on pediatric differentiated thyroid carcinoma (DTC) suggest that the age threshold of 18 years for defining pediatric DTC is not evidence-based (6). The majority of pediatric DTC research and guidelines encompass patients under the age of 21 (11–13). Given the ongoing debate regarding the age criteria for pediatric DTC, our study defines the pediatric population as individuals under 19 years of age. Our investigation includes a comprehensive review of all pediatric DTC cases managed at the First Affiliated Hospital of Guangxi Medical University from December 2012 to January 2021, focusing on patients aged 19 or younger at the time of treatment.

The patients’ electronic medical records were reviewed to compile data on demographics, clinical cervical lymph node status, distant metastasis, operative reports, surgical pathology, follow-up for recurrence or progression surveillance, and postoperative treatment, including radioactive iodine ablation (RAI).

Demographic data, including age and gender, were documented for each patient. Clinical lymph node status was ascertained through physical examination, ultrasound, computed tomography (CT), or magnetic resonance imaging (MRI) of the cervical lymph nodes. Patients with preoperative findings suggestive of lymph node metastasis were classified as clinically lymph node positive (cN1). Distant metastasis was assessed using preoperative chest CT or postoperative initial RAI scintigraphy, with synchronous metastasis defined as that identified before or within 6 months post-surgery, and metachronous metastasis as that found more than 6 months after surgery.

Pathology reports provided tumor location and size, along with data on metastatic and total lymph nodes. Additional recorded factors included lymphovascular invasion, tumor multifocality, Hashimoto thyroiditis (HT) presence, and gross (gETE) and micro-extrathyroidal extension (mETE) of the thyroid tumor. mETE was characterized by tumor invasion of the thyroid or perithyroidal tissue under microscopy (14), while gETE was defined by tumor extension into perithyroidal tissue on gross pathology (15). Extranodal extension in dissected lymph nodes was identified through macropathology or pathology reports indicating lymph node capsule invasion. Multifocality referred to the presence of two or more thyroid lesions, and bilateral disease indicated malignant lesions in both lobes. The lymph node ratio was calculated as the number of metastatic lymph nodes divided by the number of intraoperatively harvested lymph nodes, with the central lymph node ratio specific to the central compartment and the lateral lymph node ratio to the lateral neck compartment.

Data on the date of surgery, type of lymph node dissection (central or central plus lateral), extent of thyroidectomy, and intraoperative findings of the thyroid tumor and cervical lymph nodes were extracted from surgical records. The central lymph node compartment was delineated as the area bounded by the hyoid bone superiorly, the posterior sternal notch inferiorly, the middle part of the carotid sheath transversely, and the prevertebral fascia dorsally. Bilateral central lymph node dissection was indicated for malignant tumors in both lobes or the isthmus.

Lateral cervical lymph node enlargement on preoperative examination prompted fine needle aspiration biopsy (FNAB), with positive results leading to lateral neck lymph node dissection. If FNAB was not performed but intraoperative findings included a substantial number of metastatic central compartment lymph nodes along with enlarged lateral cervical lymph nodes, further lateral neck lymph node dissection was pursued. Modified lateral lymph node dissection, preserving the sternocleidomastoid muscle, internal jugular vein, and spinal accessory nerve, was performed based on central lymph node dissection, targeting levels II-V. Thyroidectomy ranged from total to subtotal and lobectomy. Total thyroidectomy was considered for malignant lesions in both thyroid lobes, extrathyroidal extension on gross intraoperative view, or intraoperative fast-frozen pathology revealing central lymph node metastasis greater than five. Lobectomy with isthmectomy was standard for unilateral malignant lesions; subtotal thyroidectomy was performed when one lobe had a malignant and the other a benign lesion. RAI was selected based on preoperative FNAB, intraoperative fast-frozen pathology, and gross pathology; patients meeting RAI criteria were ineligible for subtotal thyroidectomy or lobectomy with isthmectomy (RAI criteria included lymph node metastasis >5, distant metastasis, and extrathyroidal extension).

Postoperatively, patients underwent TSH suppression, with follow-up examinations every 3 months for the first postoperative year, including serum TSH and Thyroglobulin level testing, and neck ultrasound or CT. Thereafter, follow-ups occurred every six months for five years, then annually. The follow-up period was measured from the initial surgery to the last contact, ascertained through medical record review or direct patient contact. Recurrence-free survival (RFS) assessed our cohort, with recurrence categorized as local (confirmed by biopsy or surgery pathology in the neck) or distant (new lesions on CT or RAI scans outside the neck). Distinguishing true recurrence from undetected microscopic tumor growth on initial imaging is challenging. Our criteria for recurrence focused on identifying lesions not apparent on previous imaging but discovered in subsequent tests, defining these as recurrences.

The study was approved by the First Affiliated Hospital of Guangxi Medical University Institutional Review Board and conducted in accordance with the Declaration of Helsinki.




Statistical analysis

Statistical analyses were conducted using R software version 4.2.1 and SPSS software version 25.0. Continuous variables are presented as median (range).

First, use the R packages ‘survminer’ and ‘survival’ to segment continuous variables by identifying cutoff values based on recurrence free survival (RFS). After determining the cutoff values for each variable, perform a univariate logistic regression analysis to examine the impact of all variables on recurrence as the outcome. Once statistically significant variables are identified, use Kaplan-Meier (KM) survival analysis to analyze the variable in question and plot the corresponding survival curves.

After identifying variables associated with RFS, we categorize patients based on these variables. Then, we perform inter-group comparisons using the Mann-Whitney U test and chi-squared test. Finally, for variables that show statistical significance in inter-group comparisons, we conduct a multivariate logistic regression analysis to predict the high-risk group. All tests were two-sided, with a p-value < 0.05 considered statistically significant.






Results

Our study cohort comprised 100 patients with complete medical records, with a median age at diagnosis of 17 years. Females constituted 78% of the cohort. None had a prior cancer history, while 4% had received head/neck irradiation. Clinical lymph node positivity (cN1) was observed in 45% of patients. Classic papillary thyroid cancer (PTC) was the most common diagnosis (92%), followed by the follicular variant (5%), diffuse sclerosing variant (2%), and follicular thyroid carcinoma (FTC) (1%). Hashimoto thyroiditis (HT) coexisted in 10% of cases, and lymphovascular invasion was present in 11%. Multifocality was identified in 39% of patients, with bilateral disease and gross-extrathyroidal extension observed in 36%. Micro-extrathyroidal extension was found in 10% of patients. Tumor size varied, with 8% having tumors ≤1 cm, 36% having tumors >1 cm but ≤2 cm, 41% having tumors >2 cm but ≤4 cm, and 15% having tumors >4 cm. Central neck dissection was performed in 94 patients, with 87.23% exhibiting central lymph node metastasis (CLNM). The median number of harvested and metastatic central lymph nodes was 8 and 4, respectively. Lateral lymph node dissection was conducted in 56 patients, with 89.28% showing lateral lymph node metastasis (LLNM). The median number of harvested and metastatic lateral lymph nodes was 20 and 10, respectively. Extranodal extension was identified in 18% of cases. Total thyroidectomy (TT) was performed in 64% of patients, while lobectomy plus isthmectomy or subtotal thyroidectomy was conducted in 36%. Postoperative RAI was administered to 68% of the cohort. During a median follow-up period of 53.22 months (range 17.37–116.17 months), 13% of patients experienced recurrence, with seven patients having unilateral lateral cervical lymph node recurrence, three patients experiencing central lymph node recurrence, one patient exhibiting recurrence in both the central and lateral cervical lymph node regions, and two patients showing bilateral lateral cervical lymph node recurrence. Notably, there were no DTC-related fatalities, and no cases of disease progression were observed (Table 1).


Table 1 | Baseline characteristics of pediatric patients with DTC.



Kaplan-Meier survival analysis revealed RFS rates of 95.9% at 1 year, 90.4% at 3 years, and 87.5% at 5 years. To ascertain variables significantly contributing to RFS, various factors were used to stratify RFS (Table 2). Univariate logistic regression analysis identified the central lymph node ratio (CLNR) as the sole statistically significant factor for recurrence (p=0.040). Subsequent Kaplan-Meier survival analysis confirmed the statistical significance of CLNR for RFS, as depicted in Figure 1. The determined CLNR cutoff value of 77.78% indicated that patients with a CLNR exceeding this threshold had a 5.467-fold higher likelihood of recurrence in pediatric DTC (HR=5.467, CI=1.082–27.609). Notably, the R packages ‘Survminer’ and ‘Survival’ facilitated the automatic identification of the optimal stratification threshold for RFS in continuous variables.


Table 2 | Univariate logistic regression for recurrence.






Figure 1 | Comparison of recurrence-free survival (RFS) between CLNR high group (>77.78%) and CLNR low group (≦77.78%)(p<0.05).



Excluding cases without central lymph node dissection or detailed information on metastatic regional lymph nodes, our analysis included 85 patients with available CLNR data. Chi-squared and Mann-Whitney U tests were employed to compare clinicopathological variables between the high CLNR group (>77.78%) and the low CLNR group (≦77.78%), as detailed in Table 3. Significant disparities in gender, cN1, HT, and extrathyroidal extension were observed between the two groups (p<0.05).


Table 3 | CLNR high group vs CLNR low group.



Multivariate regression analysis, detailed in Table 4, was conducted to delineate clinicopathological variables associated with the high CLNR group. This analysis revealed that cN1 status, HT, and gender were significantly linked to an elevated CLNR. Patients with cN1 faced a 3.161-fold increased risk compared to those without cN1. Those with HT were nearly 9.148 times more likely to fall into the high CLNR category than those without HT. Furthermore, male patients exhibited a significantly higher risk, with a 6.232 times greater likelihood than female patients.


Table 4 | Multivariate Logistic Regression Analysis of Clinicopathological Variables to Predict High CLNR Group.







Discussion

Pediatric differentiated thyroid carcinoma (DTC) is recognized for its relatively high recurrence rate, which ranges from 13% to 20% (11, 13, 16, 17). Local recurrence often necessitates additional surgery, while distant recurrence can progress to a treatment-refractory state, necessitating long-term targeted therapy. Accurate prediction of recurrence postoperatively is thus crucial for determining follow-up schedules and selecting appropriate treatments. The lymph node ratio (LNR) has recently gained attention for its potential in predicting recurrence, with several studies suggesting it may better identify patients at risk for latent recurrence (18–20).

In our study, the rates of central and lateral lymph node metastasis were consistent with those reported by Thiesmeyer et al. (21). However, we found that neither lymph node status nor the number of metastatic lymph nodes were significant predictors of Recurrence-Free Survival (RFS) or recurrence in our cohort. This contrasts with our findings of the significance of central lymph node ratio (CLNR) when a cutoff value of 77.78% was applied. The CLNR significantly stratified RFS and was a notable predictor of recurrence in our univariate logistic analysis. Our findings are in line with two smaller studies (13, 22). and one involving 136 pediatric DTC cases, which found that an LNR above 0.34 significantly impacted persistence-free survival (23). Our research stands out as the first to use CLNR for predicting recurrence and stratifying RFS in pediatric DTC. The relevance of LNR is further underscored by its significance in adult DTC, as evidenced in a study of 325 PTC patients where an LNR above 0.3 was associated with a higher recurrence rate (24).

Upon comparing the high-CLNR group (CLNR > 77.78%) with the low-CLNR group (CLNR ≤ 77.78%), significant differences in gender, clinical lymph node positivity (cN1), Hashimoto Thyroiditis (HT), and extrathyroidal extension (ETE) were observed. Male patients, in particular, exhibited a higher CLNR, though gender was not a significant factor in our univariate analysis of recurrence. This is congruent with Guo et al.’s study of 217 pediatric DTC cases, which also found no significant correlation between gender and recurrence (16). However, two other studies have reported a direct correlation between male gender and recurrence and distant metastasis (10, 11), Considering that our cohort belongs to the same Asian population, we are inclined to believe that males may have a higher risk of recurrence.

The preoperative evaluation of cervical lymph node metastasis is critical, particularly given that the majority of patients in the high-CLNR group were clinically lymph node positive (cN1). While Sugino et al. have identified cN1 as an independent risk factor for recurrence (11), we did not find cN1 to be a significant predictor in our cohort, possibly due to our smaller sample size.

Patients with HT were found more frequently in the low-CLNR group, hinting at a potential protective effect against recurrence and lymph node metastasis. However, no significant correlation between HT and recurrence was observed in our univariate analysis, a finding supported by Yeker et al. (25). In contrast, Guo et al. identified HT as an independent risk factor for recurrence and lymph node metastasis (16), suggesting a complex relationship that warrants further investigation, especially in the pediatric DTC context.

Our study also revealed a positive correlation between the presence of ETE and CLNR, yet ETE did not show a significant relationship with recurrence in univariate analysis. This is consistent with some studies (16, 26) but contrasts with others, including Jeon et al.’s work, which identified ETE as an independent predictive factor for recurrence (10).

We advocate for preoperative evaluation of cervical lymph node metastasis using neck CT or MRI, followed by standard central compartment lymph node dissection with routine rapid frozen section pathological analysis. An elevated CLNR should prompt more extensive surgical intervention and a proactive postoperative regimen, including iodine-131 therapy, rigorous TSH level control, and comprehensive surveillance. These measures aim to minimize recurrence risk and facilitate the early detection of recurrent lesions, with timely surgical treatment advised for patients who experience recurrence.

This study, while contributing valuable insights into pediatric DTC, has several limitations. Its retrospective design and single-center data source may introduce selection bias. The limited sample size may affect the generalizability of the findings. Additionally, variations in long-term follow-up compliance could impact the assessment of recurrence. The study’s retrospective nature also precluded the collection of data on the size of metastatic lymph nodes, a factor noted to be significant in previous research and guidelines (22, 27). Despite these limitations, our research represents the largest cohort to date examining the clinical significance of CLNR in pediatric DTC.





Conclusion

The present study has identified the Central Lymph Node Ratio (CLNR) as a robust prognostic indicator for recurrence in pediatric patients with Differentiated Thyroid Carcinoma (DTC). With a determined cutoff value of 77.78%, CLNR significantly stratified patients based on Recurrence-Free Survival (RFS), providing a more nuanced approach to risk assessment than the current American Joint Committee on Cancer (AJCC) TNM system. Our findings underscore the importance of incorporating CLNR into the clinical decision-making process for pediatric DTC management.

Patients characterized by a high CLNR exhibited a markedly increased risk of recurrence, with a hazard ratio of 5.467 times that of patients with a low CLNR. This group also presented with a notable prevalence of male gender, clinical lymph node positivity (cN1), Hashimoto Thyroiditis (HT), and extrathyroidal extension (ETE). These factors, in conjunction with a high CLNR, may inform a more aggressive treatment strategy, including the consideration of total thyroidectomy and the application of postoperative radioactive iodine ablation (RAI).

Our research advocates for a personalized approach to postoperative care, tailored to the individual patient’s risk profile. For those with a high CLNR, we recommend vigilant TSH suppression therapy and regular surveillance to promptly detect and address any recurrence. Furthermore, the prompt surgical management of recurrent lesions is emphasized to improve patient outcomes.

While our study contributes to the body of evidence supporting CLNR’s utility in pediatric DTC, it is not without limitations. The retrospective design, single-center data collection, and modest sample size may introduce biases and limit the generalizability of our findings. Additionally, the study did not account for the size of metastatic lymph nodes, a factor that may influence recurrence risk. Future research should aim to validate our findings in a larger, multicenter cohort and explore the interplay between CLNR and other established prognostic factors.

In conclusion, the introduction of CLNR as a prognostic tool represents a significant step forward in the personalized treatment of pediatric DTC. By refining our understanding of recurrence risk, CLNR has the potential to enhance clinical decision-making and ultimately improve patient care and outcomes in this vulnerable population.
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Independent variable Univariate

HR(95%CI) p value
Gender (male/female) 0.872(0.216-3.522) 0.847
Age (<13/>13) 1.071(0.844-1.359) 0.572
Subtype (classic PTC/others) 0.947(0.105-8.574) 0.962

Lymphovascular invasion (Y/N) | 3.214(0.714-14.476) 0.128

N1 (Y/N) 1.732(0.534-5.617) 0360
Tumor length(<3/>3cm) 1.013(0.285-3.602) 0.984
Bilateral disease (Y/N) 0.573(0.175-1.871) 0.356
CLNR (<77.78%/>77.78%) 5.467(1.082-27.609) | 0.040
Number of metastatic CLN 2.760(0.711-10.707) 0.142
(<5/>5)

Extent of thyroidectomy 1.440(0.409-5.069) 0.570
(TT/others)

Lymph node dissection (Y/N) 1.004(0.558-1.805) 0.990

Hashimoto thyroiditis (Y/N) 1.147(0.284-4.634) 0.847
Multifocality (Y/N) 2.377(0.728-7.763) 0.152
V Gross-ETE(Y/N) 1.346(0.401-4.516) 0.630
7 Micro-ETE(Y/N) 7 0.676(0.078-5.828) 0.722
Extranodal extension (Y/N) 3.200(0.829-12.354) 0.091
RAI(Y/N) 0.785(0.235-2.630) 0.695
pNla 0.838(0.219-3.203) 0.796
pN1b 0.682(0.068-6.871) 0.745
LLNR (<0.15%/>0.15%) 0.714(0.071-7.204) 0.775

CI, confidence interval; classic PTC, classic papillary thyroid cancer; cN1, clinically lymph
node positive; CLNR, central lymph node ratio; T'T, total thyroidectomy; CLN, central lymph
node; gross-ETE, gross-extrathyroidal extension; micro-ETE, micro-extrathyroidal extension;
RAJ, radioactive iodine ablation.
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Factors B Wald OR (95%Cl) p
cN1 1.151 4.681 0.030
Present 3.161

(1.114-8.968)
Absent 1
Hashimoto 2214 6.943 0.008
thyroiditis
Present 1
Absent 9.148

(1.763-47.469)
Extrathyroidal -0.258 0.222 0.637
extension
Present 1
Absent 0.772

(0.264-2.259)
Gender 1.830 5.704 0.017
Male 6.232

(1.388-27.976)

Female

1
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percentage p valu:

Association between CLNR and other characteristics

CLNR vs gender
CLNR low
CLNR high

CLNR vs
lymphovascular invasion

CLNR low

CLNR high

CLNR vs cN1

CLNR low

CLNR high

CLNR vs bilateral disease
CLNR low

CLNR high

CLNR vs
distant metastasis

CLNR low

CLNR high

CLNR vs multifocality
CLNR low

CLNR high

CLNR vs HT

CLNR low

CLNR high

CLNR vs
extranodal extension

CLNR low

CLNR high
CLNR vs ETE
CLNR low

CLNR high
CLNR vs LLNM
CLNR low

CLNR high

CLNR vs age

CLNR vs tumor length

N1, dlinically lymph node positive; CLNR, central lymph node ratio; DM, distant metastasis; HT, Hashimoto thyroiditis; EE, extranodal extension; ETE, extrathyroidal extension; RAI,

male
3
13

Invasion absent

40
35

cN1 absent

30

17

bilateral absent
34

25

DM absent

43
38

multifocality absent
33

22

HT absent

29

38

EE absent

39
29

ETE absent
28

16

LLNM absent
5

1

CLNR high
18(15-19)
CLNR high

2.3(1.475-2.85)

radioactive iodine ablation; LLNM, lateral lymph node metastasis.

female
42
27

Invasion present

5
5

cN1 present

15

23

Bilateral present
11

15

DM present

2
2

multifocality present
12

18

HT present

16

2

EE present

6
11

ETE present
17

24

LLNM present
15

26

CLNR low
17(16-19)

CLNR low

23(1.5-3)

93.3%
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11.1%
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Characteristic

Age at diagnosis(n=100) 17(7-19)

Follow-up(months) 53.22
(17.37-116.17)

Sex
Male 22(22%)
Female 78(78%)

history of previous cancer

Absent 100(100%)
Present
Present 0(0%)

history of head/neck irradiation

Absent 96(96%)
Present

Present 4(4%)
Diagnosis

Classic PTC 92(92%)

fvPTC ‘ 5(5%)

dsvPTC t 2(2%)

FTIC 1(1%)

Lymphovascular invasion

Absent 89(89%)

Present 11(11%)
cN1 7 7

Absent ‘ 55(55%)

Present 45(45%)

Synchronous distant metastasis

Absent 95

Present 5
Tumor length 2.2(0.3-8.1)

<lcm 8(8%)

1.1-2.0 36(36%)

2.1-4.0 41(41%)

>4 15(15%)

Bilateral disease

Absent 64(64%)

Present 36(36%)

Extent of thyroid surgery
T 64(64%)

Less than Total thyroidectomy 36(36%)

Extent of lymph node dissection

CLN dissection ‘ 38(38%)

CLN+LLN dissection 7 56(56%)

Not performed 6(6%)
Multifocality

Absent 61(61%)

Present V 39(39%)

Hashimoto thyroiditis

Absent 80(80%)

Present 20(20%)
Gross-ETE

Absent 64(64%)

Present 36(36%)
Micro-ETE

Absent 90(90%)

Present 10(10%)

Extranodal extension

Absent 82(82%)
Present 18(18%)

Postrperative RAI

Absent 32(32%)
Present 68(68%)
Recurrence
Absent 87(87%)
Present 13(13%)
CLNM*
Absent 12(12.77%)
Present 82(87.23%)
LLNM
Absent 6(10.71%)
Present 50(89.29%)
Number of harvested CLN(n=85) ** 8(0-19)
Number of metastatic CLN(n=85) 4(0-17)
Number of harvested LLN(n=47) 20 (0-54)
Number of metastatic LLN(n=47) 10(0-28)
LLNR(n=47) 32.74% (0-100%)
CLNR(n=85) 75% (0-100%)

Classic PTC, classic papillary thyroid cancer; fvPTC, follicular variant papillary thyroid
cancer; dsvPTC, diffuse sclerosing variant papillary thyroid cancer; FTC, follicular thyroid
cancer; cN1, clinically lymph node positive; TT, total thyroidectomy; CLN, central lymph
node; LLN, lateral lymph node; gross-ETE, gross-extrathyroidal extension; micro-ETE, micro-
extrathyroidal extension; RAIL, radioactive iodine ablation; CLNM, central lymph node
metastasis; LLNM, lateral lymph node metastasis; CLNR, central lymph node ratio; LLNR,
lateral lymph node ratio.

*Excluded 6 patients without central lymph node dissection.

**Excluded 6 patients without central lymph node dissection and 9 patients without detail
information on the number of regional lymph node metastases.





