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Abstract:   
Background: Lymph node metastasis (LNM) in papillary thyroid carcinoma (PTC) is associated with an increased 
risk of disease recurrence and poor prognosis. Identifying predictive factors for LNM can guide surgical decision-
making and improve patient outcomes. 
Objective: This study aimed to determine the predictive factors associated with LNM in PTC patients. 
Methods: A retrospective study was conducted on 100 patients diagnosed with PTC who underwent 
thyroidectomy with lymph node evaluation. Clinical, pathological, and molecular characteristics were analyzed.  
Results: LNM was present in 42% of patients. Tumor size >2 cm was significantly associated with LNM (OR = 2.8, p 
= 0.002). Multifocality increased the risk of LNM (OR = 2.3, p = 0.03). Extrathyroidal extension (ETE) was a strong 
predictor of LNM (OR = 4.6, p < 0.001).  
Conclusion: This study identified tumor size >2 cm, multifocality and ETE as independent predictors of LNM in PTC 
patients. These findings support the incorporation of these factors into risk stratification models to optimize 
surgical management and follow-up strategies. 
Keywords: Papillary Thyroid Carcinoma, Lymph Node Metastasis, Tumor Size, Extrathyroidal Extension, 
Multifocality, Predictive Factors 
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Introduction 
Papillary thyroid cancer (PTC) is the most common 
subtype of thyroid malignancy, accounting for 
approximately 80–85% of all thyroid cancers [1]. 
Although PTC generally has a favorable prognosis, 
lymph node metastasis (LNM) is a common 
occurrence, with reported rates varying between 
20% and 50% [2]. The presence of LNM has been 
associated with increased risk of local recurrence 
and disease progression, making its early detection 
and prediction crucial for optimizing patient 
management [3]. 
Several factors have been identified as potential 
predictors of LNM in PTC. Tumor size, extrathyroidal 
extension (ETE), multifocality, and aggressive 

histological subtypes have all been linked to a higher 
likelihood of nodal involvement [4]. Additionally, 
patient-related factors such as age, sex, and genetic 
mutations have been extensively studied for their 
association with LNM [5, 6]. Advances in imaging 
techniques, including high-resolution ultrasound 
(US) and computed tomography (CT), have further 
enhanced the preoperative assessment of lymph 
node involvement, improving risk stratification and 
surgical planning [7]. 
Despite these advancements, the prediction of LNM 
remains a challenge due to the heterogeneous 
nature of PTC. Current guidelines from the American 
Thyroid Association (ATA) recommend selective 
central neck dissection based on preoperative and 
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intraoperative risk assessments [8]. However, 
controversies persist regarding the extent of 
prophylactic lymph node dissection, particularly in 
cases without clinically evident metastasis [9]. 
Therefore, a better understanding of predictive 
factors for LNM in PTC is essential to refine 
treatment strategies and improve patient outcomes. 
This study aims to review and analyze the predictive 
factors associated with LNM in PTC, focusing on 
clinical, pathological, molecular, and imaging-related 
aspects. Identifying reliable markers for LNM will aid 
in tailoring individualized treatment plans, 
minimizing unnecessary surgical procedures, and 
reducing recurrence rates. 
 
Methodology 
Research Design 
This study employs a retrospective observational 
design to analyze predictive factors of lymph node 
metastasis (LNM) in papillary thyroid cancer (PTC) 
patients. Medical records of patients who 
underwent thyroidectomy, with or without lymph 
node dissection, will be reviewed. 
 
Research Setting 
The study will be conducted at a tertiary care 
hospital with a specialized endocrine surgery and 
oncology unit. The facility has access to high-
resolution ultrasound (US), computed tomography 
(CT), and fine-needle aspiration cytology (FNAC) for 
preoperative assessment of lymph node 
involvement.  
 
Inclusion and Exclusion Criteria for Sample 
Selection 
Inclusion Criteria 
 Adult patients (≥18 years) diagnosed with 

papillary thyroid carcinoma (PTC). 
 Patients who underwent total or near-total 

thyroidectomy with lymph node dissection. 

 Patients with preoperative imaging (US, CT) and 
histopathological confirmation of LNM. 

 
Exclusion Criteria 
 Patients with other types of thyroid cancer (e.g., 

follicular, medullary, anaplastic carcinoma). 
 Patients with previous thyroid surgery or 

radioactive iodine therapy before surgery. 
 Cases with incomplete medical records or 

missing lymph node status. 
 Patients diagnosed with distant metastases at 

presentation. 
 
Sample Size Calculation 
The sample size is set at 100 patients based on the 
prevalence of LNM in PTC and previous similar 
studies. Using a confidence level of 95%, an 
expected prevalence of 30%, and a margin of error 
of 10%, a minimum of 100 cases is required for 
statistical significance. 
 
Procedure for Data Collection 
1. Patient Selection: Medical records from 2015-

2025 will be screened for eligible patients. 
2. Data Extraction: Clinical, radiological, 

histopathological, and surgical data will be 
collected. 

3. Imaging Analysis: Lymph node status will be 
assessed using preoperative ultrasound and CT 
reports. 

 
Data Management 
 Data Entry: Anonymized patient data will be 

stored in a secured electronic database. 
 Quality Control: Two independent researchers 

will cross-verify data accuracy. 
 Statistical Analysis: SPSS v.26 will be used for 

analysis. Chi-square tests, t-tests, and logistic 
regression will assess associations between 
variables and LNM. 

Results 
Table 1: Demographic and Clinical Characteristics of the Study Population 

 

Characteristic n (%) (N = 100) 

Age (years) Mean ± SD: 45.2 ± 12.8 

Sex  

Male 38 (38.0%) 

Female 62 (62.0%) 

Tumor Size (cm) Mean ± SD: 2.5 ± 1.3 

Multifocal Tumor  

Yes 31 (31.0%) 

No 69 (69.0%) 

Extrathyroidal Extension (ETE)  
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Present 40 (40.0%) 

Absent 60 (60.0%) 

Table 1: The mean age of the patients was 45.2 
years, with a majority being female (62%). The mean 
tumor size was 2.5 cm, and multifocality was 

observed in 31% of cases. Extrathyroidal extension 
(ETE) was present in 40% of patients.  

Table 2: Lymph Node Metastasis (LNM) and Associated Factors 
 

Variable LNM Present (n = 42) LNM Absent (n = 58) p-value 

Age (years) 42.3 ± 11.5 46.8 ± 13.2 0.03* 

Sex    

Male 20 (47.6%) 18 (31.0%) 0.07 

Female 22 (52.4%) 40 (69.0%)  

Tumor Size (cm) 3.1 ± 1.2 2.1 ± 1.1 0.001** 

Multifocality 18 (42.9%) 13 (22.4%) 0.02* 

Extrathyroidal Extension (ETE) 28 (66.7%) 12 (20.7%) <0.001** 

*Statistically significant (p<0.05); **highly significant (p<0.01). 
 
Table 2: LNM was present in 42% of patients. 
Patients with LNM had significantly larger tumor 
sizes (3.1 cm vs. 2.1 cm, p = 0.001). Multifocality 

(42.9% vs. 22.4%) and extrathyroidal extension 
(66.7% vs. 20.7%) were significantly associated with 
LNM (p<0.05). 

Table 3: Multivariate Logistic Regression Analysis for Predictors of LNM 

Variable Odds Ratio (OR) 95% CI p-value 

Tumor Size (>2 cm) 2.8 1.5 – 5.2 0.002** 

Multifocality 2.3 1.1 – 4.7 0.03* 

Extrathyroidal Extension 4.6 2.1 – 9.8 <0.001** 

 
Table 3: Multivariate analysis identified tumor size 
>2 cm (OR = 2.8, p = 0.002), multifocality (OR = 2.3, p 
= 0.03) and extrathyroidal extension (OR = 4.6, p < 
0.001). 
 
Discussion 
This study aimed to identify predictive factors for 
lymph node metastasis (LNM) in papillary thyroid 
carcinoma (PTC). The findings revealed that tumor 
size >2 cm, multifocality and extrathyroidal 
extension (ETE), were significantly associated with 
LNM. These results align with previous research, 
further strengthening the evidence that these 
variables should be considered for risk stratification 
in PTC patients. 
Our study found that tumor size >2 cm was a 
significant predictor of LNM (OR = 2.8, p = 0.002). 
This finding is consistent with a study by Zhang et al. 
(2018), which reported that tumors ≥1 cm had a 
significantly higher risk of central lymph node 
metastasis (CLNM) compared to smaller tumors (OR 
= 2.5, 95% CI: 1.4-4.2) [10]. Similarly, Jiang et al. 
(2020) found that larger tumors (>2 cm) had an 
increased risk of lateral lymph node metastasis 
(LLNM), particularly in younger patients [11]. 

Multifocal tumors were associated with a higher risk 
of LNM (OR = 2.3, p = 0.03), which is in line with 

previous studies. Kim et al. (2017) found that 
multifocal PTC increased the likelihood of LNM 
nearly twofold compared to unifocal PTC (OR = 2.1, p 
= 0.01) [12]. Multifocality is thought to indicate a 
more aggressive tumor behavior, with increased 
potential for lymphatic spread. 
Our study found a strong correlation between ETE 
and LNM (OR = 4.6, p < 0.001). Liu et al. (2019) also 
reported that patients with ETE had a 4.3-fold 
increased risk of LNM, emphasizing its role in tumor 
progression and lymphatic dissemination [13]. The 
presence of ETE is also a key component of the 
American Thyroid Association (ATA) risk 
stratification system, which considers ETE a high-risk 
feature for disease progression [2]. 

 
Clinical Implications 
The identification of tumor size, multifocality and 
ETE, as predictors of LNM has important implications 
for surgical and postoperative management: 
Patients with tumors >2 cm or multifocal tumors 
may benefit from prophylactic central lymph node 
dissection (CLND), reducing the risk of recurrence. 
ETE-positive patients may require more aggressive 
surgical approaches and closer postoperative 
monitoring. 
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Limitations and Future Directions 
This study is limited by its retrospective design, 
which may introduce selection bias. Future 
prospective studies incorporating a larger cohort 
and molecular profiling could refine risk 
stratification for LNM prediction in PTC. 
Conclusion 
This study confirms that tumor size >2 cm, 
multifocality, ETE, are independent predictors of 
LNM in PTC patients. These findings support the 
incorporation of these factors into risk stratification 
models to optimize surgical management and 
follow-up strategies. 
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