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Abstract


Background: Understanding lymph node involvement in head and neck cancers is crucial for developing effective treatment strategies and improving patient outcomes. Accurate identification of nodal metastases can enhance prognostic assessment, improve survival rates, and reduce the risk of recurrence. This study aimed to evaluate the association of lymph node metastases with primary tumor characteristics, with a particular focus on tumor stage and primary tumor location in head and neck squamous cell carcinoma (HNSCC). Methods: The study included 170 patients diagnosed with HNSCC at a single medical center between 2022 and 2025. Clinical and pathological assessments of the size and extent of primary tumors were performed according to the American Joint Committee on Cancer TNM classification, version 8. Results: The study cohort consisted of adult patients with a mean age of 61.9 years, of whom 40.6% were female. The tongue was the most common primary tumor site (54.7%), followed by the floor of the mouth (22.4%) and the jaw (8.8%). Clinical staging identified lymph node metastases (cN1 or higher) in 32.4% of patients, whereas pathological evaluation revealed nodal involvement in 38.9%. A statistically significant association was observed between tumor stage and the presence of lymph node metastases (p < 0.001). Additionally, the frequency of nodal metastases varied by anatomical site, with the highest rates observed in tumors of the floor of the mouth and the tongue. Conclusions: These findings suggest that both tumor stage and primary tumor location are associated with an increased risk of lymph node metastases. The results underscore the limitations of clinical staging in detecting nodal disease and highlight the prognostic significance of tumor stage and anatomical site in assessing metastatic risk.
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1. Introduction


Head and neck cancer (HNC) represents a significant global health challenge, with over 800,000 new cases and more than 400,000 deaths reported annually [1]. Head and neck cancer comprises a heterogeneous group of malignancies affecting multiple anatomical sites, including the oral and nasal cavities, tongue, floor of the mouth, oropharynx, larynx, palate, tonsils, and salivary glands [1,2]. These malignancies arise from both mucosal and cutaneous epithelia, reflecting considerable biological complexity in their development and progression [3]. Squamous cell carcinoma is the predominant histological subtype, accounting for more than 90% of all HNC cases [4]. The biological heterogeneity of HNC is further reflected in its diverse etiology and progression patterns. Multiple factors, including tumor stage, primary tumor location, and the extent of lymph node metastases, influence prognosis. A substantial proportion of cases are diagnosed at advanced stages, largely due to inadequate recognition of early signs and symptoms [5,6].



Accurate staging is essential for prognostic stratification and the development of individualized treatment strategies [7,8]. In advanced disease, comprehensive treatment approaches—often involving surgery, radiation therapy, and chemotherapy—are typically implemented to ensure that patients receive appropriate, multimodal care. In contrast, when cancer is detected at an early stage, less intensive therapeutic strategies may be sufficient, thereby minimizing treatment-related morbidity while potentially improving overall outcomes [9,10].



The metastatic potential of HNC is influenced by tumor characteristic and the anatomical location of the primary lesion, reflecting heterogeneous lymphatic drainage patterns and complex interactions within the tumor microenvironment across different subsites [11,12,13]. The presence of lymph node metastases is a critical prognostic factor, significantly affecting both recurrence patterns and overall survival, with an associated reduction in survival of approximately 50% [14]. However, clinical detection of nodal metastases remains challenging due to the limited sensitivity of conventional diagnostic methods in identifying micrometastatic disease [15]. Consequently, patients classified as clinically node-negative may harbor occult metastases that are only detected upon pathological examination. Recent advances in molecular oncology have elucidated complex mechanisms underlying lymph node metastasis in HNC, including lymphangiogenesis, epithelial–mesenchymal transition, immune evasion, and interactions within the tumor microenvironment [16]. Emerging diagnostic technologies, such as liquid biopsy, multi-omics analyses, and targeted imaging probes, aim to improve early detection and enhance therapeutic precision [17].



This study aimed to analyze the association of lymph node metastases with two key variables: tumor (T) stage and anatomical location. By evaluating both clinical and pathomorphological staging parameters, this study sought to compare staging systems and explore potential discrepancies, as well as to address existing knowledge gaps regarding the complex interplay between tumor location and biological characteristics.




2. Materials and Methods


2.1. Data Collection


Medical records of patients with primary head and neck squamous cell carcinoma (HNSCC) were collected between 2022 and 2025 at the Military Institute of Medicine–National Research Institute in Warsaw, Poland. Clinical, pathological, and radiological data were extracted from electronic patient records within the institutional medical information system. Additional information on tumor histopathology was obtained from reports issued by the hospital’s pathology department. All patient data were anonymized prior to analysis. All procedures were conducted in accordance with the Declaration of Helsinki. An ethics approval was not required due to the retrospective study design.




2.2. Tumor Characteristics


Tumor histopathology was determined using standard diagnostic procedures performed at the time of initial diagnosis. The depth of invasion was assessed histopathologically. The presence of lymph node metastases was defined based on a combination of criteria, including histopathological examination, computed tomography evaluation, and clinical assessment by the treating physicians. the size and extent of the primary tumor were assessed according to the 8th edition of the American Joint Committee on Cancer tumor–node–metastasis (TNM) Classification (2017) [7]. The TNM system evaluates three key components: primary tumor characteristics (T), the extent of regional lymph node involvement (N), and the presence or absence of distant metastases (M). Clinical staging (cTNM) is based on physical examination and imaging modalities, including computed tomography, magnetic resonance imaging, and positron emission tomography. Pathological staging (pTNM) is based on the analysis of surgical specimens. In the 8th edition of the American Joint Committee on Cancer TNM classification the HPV status, depth of invasion and extranodal extension were added as criteria of tumor staging [7].




2.3. Statistical Analysis


Results were expressed as mean with standard deviation for continuous variables with a normal distribution and as median with interquartile range (median, IQR) for nonnormally distributed variables. Categorical variables were presented as percentages of the total study population. The Mann–Whitney U test was used for comparisons between two independent groups. For comparisons involving more than two groups, Kruskal–Wallis analysis of variance was applied, followed by post hoc Conover–Iman tests. The chi-squared test of independence was used for the analysis of categorical variables, with Yates’ correction or Fisher’s exact test applied when appropriate. A p-values of less than 0.05 was considered statistically significant. All analyses were performed using StatsDirect statistical software (v. 4.0.4).





3. Results


The study included 170 patients with HNSCC. The mean age was 61.9 ± 12.3 years, and women accounted for 40.6% of the cohort. The most common primary tumor site was the tongue (54.7%), followed by the floor of the mouth (22.4%) and the jaw (8.8%) (Table 1). The median tumor size was 28.5 mm (IQR, 18.0–47.0), with a mean size of 33.4 ± 19.1 mm. Clinically, most tumors were classified as cT2 (43.5%) or cT1 (27.1%), whereas pathological assessment revealed a more even distribution between pT1 (32.9%), pT2 (30.6%), and pT3 (22.4%). Most patients were clinically node-negative (cN0, 67.6%), while pathological examination confirmed pN0 status in 56.5% of cases. Detailed patient and tumor characteristics are presented in Table 1.



Based on clinical staging, lymph node metastases (cN1 or higher) were identified in 32.4% of patients, whereas pathological evaluation revealed nodal involvement in 38.9% of cases with available data. These findings suggest that clinical assessment alone may underestimate the presence of nodal disease. The overall frequency of lymph node metastases is summarized in Table 2.



An association between tumor size and the presence of lymph node metastases was observed for both clinical and pathological T staging (Table 3). Using clinical T classification, the frequency of clinically detected nodal metastases increased significantly from 8.7% in cT1 tumors to 35.1% in cT2, 45.8% in cT3, and 53.8% in cT4/T4a tumors (p = 0.0002). A similar trend was observed for pathologically confirmed nodal involvement, with rates increasing from 13.3% in cT1 to 77.3% in cT4/T4a tumors (p < 0.0001).



Consistent results were also obtained when tumor size was assessed pathologically (Table 3). The prevalence of clinically detected lymph node metastases increased progressively from 12.5% in T1 tumors to 66.7% in T4/T4a tumors (p < 0.0001). Pathological lymph node assessment similarly demonstrated a significant increase in the prevalence of nodal metastases with advancing tumor stage. Metastases were identified in 17.9% of patients with pT1 tumors, compared with 41.7% in pT2 and 41.9% in pT3 tumors, both significantly higher than in pT1 (p = 0.014 and p = 0.029, respectively). The highest frequency of nodal involvement was observed in pT4/pT4a tumors, where metastases were present in 81.8% of cases, which was significantly higher compared with pT1 (p < 0.0001), pT2 (p = 0.004), and pT3 (p = 0.009).



The frequency of lymph node metastases differed significantly according to the primary tumor location (Table 4). Clinically detected nodal metastases were most common in cancers of the floor of the mouth (50.0%) and the tongue (32.3%), whereas lower rates were observed for jaw (26.7%), lip (12.5%), skin (7.7%). No metastases were detected in tumors of the lateral pharyngeal wall. This difference was statistically significant (p = 0.033). Pathological assessment showed a similar pattern, with the highest rates of nodal involvement observed in tumors of the floor of the mouth (44.7%) and the tongue (40.9%). However, due to smaller subgroup sizes, these differences did not reach statistical significance (p = 0.408).




4. Discussion


Head and neck cancers represent a clinically challenging and biologically heterogeneous group of malignancies, requiring precise staging to guide optimal treatment and predict prognosis. Accurate assessment of lymph node involvement is critical, as nodal metastases are among the strongest predictors of survival and recurrence [14]. However, clinical staging may underestimate the extent of metastases, especially in early-stage tumors [18]. Additionally, tumor-related factors such as size and anatomical subsite play a major role in determining the risk of lymphatic spread [11,12,13].



The demographic profile of the studied population is consistent with global epidemiological data, according to which HNSCC predominantly affects older adults, with a median age of approximately 64 years [4]. Notably, recent evidence shows increasing incidence rates of HNC among younger patients, particularly in association with HPV infection [19,20]. The relatively high proportion of women in our cohort aligns with contemporary trends reporting a rising incidence of HNSCC among females [4]. The distribution of tumor locations (tongue cancers in 54.7%, floor of the mouth cancer in 22.4%, and jaw cancer in 8.8% of patients) is also comparable to previous studies, in which the tongue and floor of the mouth are the most common subsites within the oral cavity [21,22]. The oral cavity is particularly vulnerable to carcinogenesis due to its thin, often non-keratinized epithelium and rich lymphatic drainage, which may provide limited protection against carcinogenic exposure. Frequent contact with carcinogenic substances mixed with saliva, which tend to accumulate in dependent areas such as the floor of the mouth, results in prolonged exposure of these tissues to harmful agents, thereby facilitating both tumor initiation and early dissemination [23]. Human papillomavirus (HPV) infection has also emerged as an important risk factor for HNSCC. The mechanisms underlying HPV-related carcinogenesis in the head and neck region remain unclear. Research suggests that HPV may gain access to basal epithelial cells more readily in tonsillar crypts, where a unique microenvironment rich in immune cells may influence susceptibility to infection [24]. Furthermore, anatomical complexity and variations in local immune surveillance across different subsites may affect tissue responses to carcinogens and contribute to differences in tumor behavior [25].



In our cohort, clinical assessment identified lymph node metastases (cN1 or higher) in 32.4% of patients, whereas pathomorphological staging revealed nodal involvement in 38.9% of cases with available data. This discrepancy indicates that clinical staging underestimated nodal disease in a substantial proportion of patients. These findings are consistent with our previous research, which demonstrated that lymph node involvement assessed using cTNM staging was underestimated in 20.7% of patients with HNC [26]. Similar observations have been reported by Pinto et al., who found discordance between clinical and pathological N staging in up to 38% of cases, with approximately 25% of patients being upstaged postoperatively. Among patients initially classified as cN0, histopathological examination frequently reveals occult metastases, with reported rates ranging from 20% to 30%. This highlights the limitations of clinical examination and imaging in detecting microscopic nodal disease. Notably, these discrepancies were not associated with increased mortality or disease recurrence [18]. Punjabi et al. showed that concordance between clinical and pathological staging is generally higher at the extremes of disease (T1/N0 and T4/N3), whereas intermediate stages exhibit greater variability [27]. This discrepancy between cTNM and pTNM staging may be attributed to limitations in preoperative imaging as well as differences in diagnostic techniques [28]. Nevertheless, accurate staging remains essential for appropriate treatment selection, as it underpins clinical decision-making, risk stratification, and the choice of surgical and adjuvant therapeutic strategies.



A statistically significant association between tumor stage and lymph node metastases was observed in our study, regardless of whether clinical or pathological staging was applied. The prevalence of nodal involvement increased progressively from early-stage tumors (T1) to advanced tumors (T4/T4a). Pathological data demonstrated metastases in only 17.9% of pT1 tumors, compared with 81.8% in pT4/pT4a lesions. Walton et al. reported that tumor stage plays a crucial role in predicting the risk of lymph node metastases. As the T stage increases, the likelihood of nodal involvement rises steadily, peaking in T3–T4 disease, where the odds of lymph node metastases are more than doubled [29]. Our findings mirror this trend, confirming that increasing tumor stage substantially elevates the risk of regional metastases. Similarly, Ross et al. demonstrated a statistically significant correlation between T and N stages in HNSCC. Their study reported that neck metastases occurred in 29% of patients with cT1 tumors, whereas the incidence of lymph node involvement more than doubled in cT2 tumors, affecting 63% of patients. Additionally, the frequency of metastases increased across pathological T stages, reaching 36% in pT1, 44% in pT2, and 78% in pT3/4 tumors [30]. Of particular importance, tumor volume and thickness—key components influencing T classification—have also been identified as significant predictors of lymph node metastases. Patients with nodal involvement have been shown to present with significantly larger tumor volumes and greater tumor thickness compared with node-negative patients [30,31].



In the present study, the frequency of lymph node metastases varied significantly according to the anatomical site of the primary tumor. Clinically detected nodal metastases were most common in cancers of the floor of the mouth and the tongue, while markedly lower rates were observed in tumors of the skin, lip, and jaw. Although pathological differences did not reach statistical significance, likely due to smaller subgroup sizes, the same trend was observed. Ross et al. reported a similar pattern of metastatic distribution across subsites, with the highest rates observed in tumors of the posterior tongue (75%), followed by the floor of the mouth (45%) and the anterior tongue (33%) [30]. While some studies suggest that primary tumor location does not significantly influence the overall frequency of metastases [30,32], presented clinical data indicate that certain subsites are associated with a higher risk of nodal involvement. Furthermore, Van Leer et al. demonstrated that primary tumor location in HNSCC is associated with distinct patterns of lymph node metastases [33]. In a large analysis of surgically treated oral cavity squamous cell carcinoma, Carey et al. demonstrated that the rates of regional nodal disease as well as occult lymph node metastases varied between different subsites and tumor stages. The risk of occult disease was increased for higher pathologic T stage, positive margins, and LVI [22]. These findings suggest that, while primary tumor location may influence the anatomical pattern of lymphatic spread, nodal involvement is more strongly determined by tumor-related pathological features than by subsite alone.



The underestimation of nodal disease by clinical staging, combined with the strong association between tumor stage and metastatic risk, has important implications for treatment planning. Accurate pathological staging remains essential for optimizing adjuvant therapy and improving oncological outcomes.



Our study has several limitations. The retrospective design and incomplete pathological data for some patients may have introduced selection bias. Additionally, small sample sizes in certain anatomical subgroups limited the statistical power to detect significant differences in nodal metastases rates. Importantly, the HPV status of patients was not assessed, although the information about it could enable distinguishing two clinically different groups in terms of prognosis and nodal spread pattern [7].




5. Conclusions


In summary, our findings confirm that lymph node metastases in HNSCC are strongly associated with tumor stage and, to a lesser extent, primary tumor location. Clinical staging alone tends to underestimate nodal involvement, underscoring the importance of thorough pathological assessment. Tumors of the tongue and floor of the mouth, as well as advanced T-stage lesions, carry the highest risk of regional metastases. These findings support a risk-adapted approach to neck management and highlight the prognostic significance of accurate tumor staging in head and neck oncology.
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The following abbreviations are used in this manuscript:





	AJCC
	American Joint Committee on Cancer



	cN/pN
	Clinical/pathological assessment of regional lymph node involvement according to the AJCC TNM Classification (version 8)



	cT/pT
	Clinical/pathological assessment of the size and extent of the primary tumor according to the AJCC TNM Classification (version 8)



	cTNM/pTNM
	Clinical/pathological tumor–node–metastasis staging



	CT
	Computed tomography



	HNC
	Head and neck cancers



	HNSCC
	Head and neck squamous cell carcinoma
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Table 1. Characteristics of the study population (n = 170).
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Characteristics

	
Value






	
Age, mean ± SD

	
61.9 ± 12.3




	
Female sex

	
69 (40.6)




	
Tumor location

	




	

	
floor of the mouth

	
38 (22.4)




	

	
jaw

	
15 (8.8)




	

	
lateral pharyngeal wall

	
3 (1.8)




	

	
skin

	
13 (7.6)




	

	
lip

	
8 (4.7)




	

	
tongue

	
93 (54.7)




	
Tumor size [mm]

	




	

	
mean ± SD

	
33.4 ± 19.1




	

	
median (IQR)

	
28.5 (18.0–47.0)




	
Clinical T

	




	

	
cT1

	
46 (27.1)




	

	
cT2

	
74 (43.5)




	

	
cT3

	
24 (14.1)




	

	
cT4

	
5 (2.9)




	

	
cT4a

	
21 (12.4)




	
Clinical N

	




	

	
cN0

	
115 (67.6)




	

	
cN1

	
25 (14.7)




	

	
cN2

	
3 (1.8)




	

	
cN2a

	
2 (1.2)




	

	
cN2b

	
15 (8.8)




	

	
cN2c

	
8 (4.7)




	

	
cN3

	
2 (1.2)




	
Pathomorphological T

	




	

	
pT1

	
56 (32.9)




	

	
pT2

	
52 (30.6)




	

	
pT3

	
38 (22.4)




	

	
pT4

	
4 (2.4)




	

	
pT4a

	
20 (11.8)




	
Pathomorphological N

	




	

	
pN0

	
96 (56.5)




	

	
pN1

	
22 (12.9)




	

	
pN2a

	
2 (1.2)




	

	
pN2b

	
15 (8.8)




	

	
pN2c

	
6 (3.5)




	

	
pN3

	
1 (0.6)




	

	
pN3b

	
13 (7.6)




	

	
pN3c

	
2 (1.2)




	

	
pNx

	
13 (7.6)








Data are presented as number (%) of patients unless indicated otherwise. “cT1–T4a” and “pT1–T4a” denote the clinical and pathological assessment of the size and extent of the primary tumor according to the AJCC TNM classification ver.8 [7]; “cN0–N3” and “pN0–N3c” denote the clinical and pathological assessment of regional lymph node involvement according to the AJCC TNM classification ver.8 [7]; pNx denotes the number of pathological samples in which the nodal assessment was not possible. SD—standard deviation; IQR—interquartile range.













 





Table 2. Frequency of lymph node metastases based on clinical and pathological N staging.






Table 2. Frequency of lymph node metastases based on clinical and pathological N staging.





	Lymph Node Staging
	N0
	N1 and Higher





	Clinical N stage
	115/170 (67.6)
	55/170 (32.4)



	Pathological N stage
	96/157 (61.1)
	61/157 * (38.9)







Data are presented as number (%) of patients. * In the case of 13 samples the nodal assessment was not possible. “N” denotes the assessment of regional lymph node involvement according to the AJCC TNM classification ver.8 [7].













 





Table 3. Frequency of lymph node metastases depending on the clinical (cT) and pathological (pT) staging of the primary tumor.






Table 3. Frequency of lymph node metastases depending on the clinical (cT) and pathological (pT) staging of the primary tumor.





	Clinical T Stage
	cT1
	cT2
	cT3
	cT4 *
	p-Value





	Clinical lymph node metastases

(cN1 and higher)
	4 (8.7)

n = 46
	26 (35.1)

n = 74

vs. cT1 (p = 0.002)
	11 (45.8)

n = 24

vs. cT1 (p = 0.001)
	14 (53.8)

n = 26

vs. cT1 (p < 0.001)
	p = 0.0002



	Pathological lymph node metastases

(pN1 and higher)
	6 (13.3)

n = 45
	29 (40.8)

n = 71

vs. cT1 (p = 0.0015)
	9 (47.4)

n = 19

vs. cT1 (p = 0.006)
	17 (77.3)

n = 22

vs. cT1 (p < 0.0001)

vs. cT2 (p = 0.006)
	p < 0.0001



	Pathological T stage
	pT1
	pT2
	pT3
	pT4 *
	p-value



	Clinical lymph node metastases

(cN1 and higher)
	7 (12.5)

n = 56
	14 (26.9)

n = 52
	18 (47.4)

n = 38

vs. pT1 (p = 0.0004)
	16 (66.7)

n = 24

vs. pT1 (p < 0.0001)

vs. pT2 (p = 0.002)
	p < 0.0001



	Pathological lymph node metastases

(pN1 and higher)
	10 (17.9)

n = 56
	20 (41.7)

n = 48

vs. T1 (p = 0.014)
	13 (41.9)

n = 31

vs. T1 (p = 0.029)
	18 (81.8)

n = 22

vs. T1 (p < 0.0001)

vs. T2 (p = 0.004)

vs. T3 (p = 0.009)
	p < 0.0001







Data are presented as number (%) of patients. * cT4/pT4 stages include cT4+cT4a and pT4+pT4a, respectively; “cT0–cT4a” and “pT0–pT4a” denote the clinical and pathological assessment of the size and extent of the primary tumor according to the AJCC TNM classification ver.8 [7]; “N” denotes the assessment of regional lymph node involvement according to the AJCC TNM classification ver.8 [7]; n—number of patients by clinical and pathological stage.













 





Table 4. Frequency of lymph node metastases depending on primary tumor location.






Table 4. Frequency of lymph node metastases depending on primary tumor location.





	Primary Tumor

Location
	Floor of the Mouth

n = 38
	Jaw

n = 15
	Lateral Pharyngeal Wall n = 3
	Skin

n = 13
	Lip

n = 8
	Tongue

n = 93
	p-Value





	Clinical lymph node metastases

(cN1 and higher)
	19 (50.0)
	4 (26.7)
	0 (0.0)
	1 (7.7)
	1 (12.5)
	30 (32.3)
	p = 0.033



	Pathological lymph node metastases

(pN1 and higher)
	17 (44.7)
	3 (27.3)

(valid n = 11)
	0 (0.0)

(valid n = 0)
	2 (28.6)

(valid n = 7)
	1 (12.5)
	38 (40.9)
	NS (p = 0.408)







Data are presented as number (%) of patients. “cN1” and “pN1” denote the clinical and pathological assessment of regional lymph node involvement according to the AJCC TNM classification ver.8 [7]; n—number of patients; NS—not significant.
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