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Abstract
Background

Head and neck squamous cell carcinoma (HNSCC) is characterized by high frequency of early cervical
lymph node metastases (LNM), resulting in poor survival of patients. Few researches focused on the risk
factors of LNM in HSNCC patients.

Methods

HNSCC patients diagnosed from 1993 to 2013 in the TCGA database formed the derivation cohort
(n=316); HNSCC patients diagnosed between 2010 and 2020 at the First A�liated Hospital of Zhejiang
University, China, formed the validation cohort (n=531). Clinicopathological data (sex, age, tumor sites,
tumor size, and grade) of patients from both cohorts were collected. Their associations with LNM were
analyzed using univariate and multivariate logistic regression analysis.

Results

The tumor size and grade were demonstrated to be independent risk factors for LNM of patients with
HNSCC in both the derivation cohort (OR=1.669, 95% CI: 1.18~2.378, p<0.01; OR=1.85, 95% CI:
1.287~2.697, p<0.01, respectively) and the validation cohort (OR=1.338, 95% CI: 1.015~1.767, p<0.05;
OR=1.936, 95% CI: 1.46~2.587, p<0.0001, respectively).

Conclusion

Tumors with greater size and higher grade have a greater potential for lymph node metastasis, which
remind us the importance of early screening and diagnosis of HNSCC.

Background
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common malignancy in the world,
mainly occurring in the oral cavity, oropharynx, larynx and hypopharynx.1–3 Despite the advancement of
therapies, the survival rate of HNSCC patients remains poor, with a 5-year survival rate of 65.9% for the
period of 2002-2006.4 HNSCCs are generally characterized by local invasiveness and early cervical lymph
node metastases (LNM). LNM has been widely accepted as a signi�cant factor in�uencing the survival
and tumor control of HNSCC.5, 6 Patients with LNM (LNM+) have a poorer 5-year survival rate and higher
incidence of distant metastasis than those without LNM (LNM-).7–9 Additionally, LNM is an important
consideration for surgeons in the determination of surgical plans. Patients clinically diagnosed with LNM
ahead of surgery usually undergo neck dissection surgery, which may cause dis�gurement, functional
impairment, etc. Most of these patients suffer from the subsequent reduction of quality of life. Hence,
�guring out the risk factors of LNM is utmost important for patients with HNSCC in surgery decisions on
neck dissection. Many researchers have attempted to identify risk factors among various
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clinicopathological features for the LNM of patients with gastric cancer,10, 11 esophageal cancer,12

papillary thyroid cancer,13 rectal cancer,14 pancreatic cancer,15 non-small cell lung cancer,16 etc. However,
few studies, to our knowledge, focused on risk factors of LNM in HNSCC patients.

In addition, many pre-surgery evaluation methods, including palpation, ultrasonography (USG), computed
tomography (CT),17 �uorodeoxyglucose positron emission tomography/computed tomography (FDG-
PET/CT),18 and sentinel lymph node (SLN) biopsy,19, 20 have been applied and identi�ed to have various
levels of accuracy in the preoperative detection of lymph node metastasis. Unfortunately, these methods
still present problems with false positives and false negatives.21–23

To prolong survival after curative surgery while avoiding patient over-treatment, more accurate prediction
of LNM status are demanded for selecting the strategy of neck section surgery. For the above-mentioned
reasons, we aimed to identify the risk factors of LNM in patients with HNSCC.

Methods

Study design and patients
We extracted demographic and pathological data of HNSCC patients (n=501) diagnosed between 1993
and 2013 from the TCGA database. The exclusion criteria were as follows: (i) history of previous
malignancy; (ii) missing information regarding pathological LNM status; (iii) missing information
regarding sex, age, primary tumor region, tumor size, and tumor grade. A total of 139 cases were excluded
and 362 eligible cases consist the derivation cohort for further analysis.

An additional independent cohort of primary HNSCC patients was used to validate the role of risk factors
for LNM. All patients underwent surgical tumor resection and neck lymph node dissection (elective or
therapeutic neck dissection) under general anesthesia at the First A�liated Hospital of Zhejiang
University, China, from January 2010 to June 2020. All specimens were histologically examined by three
independent senior pathologists. The exclusion criteria for this cohort were as follows: (i) patients with
other malignant tumors; (ii) patients with signi�cant systemic diseases, such as hypertension, diabetes,
autoimmune disease and other malignant tumors; (iii) patients that had received chemotherapy,
radiotherapy or other biological treatments prior to surgery; (iv) patients with inadequate
clinicopathological medical records. A total of 531 patients met the inclusion criteria and were included in
the study. The demographic and pathological data of the enrolled patients were obtained from medical
records. The collection of retrospective data was approved by the Ethics Committee of the First A�liated
Hospital, College of Medicine, Zhejiang University. The �owchart for patient selection is shown in Figure
1.

Variables
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The survival data (survival time and status) of patients from the derivation cohort was �rst obtained.
Patients were divided into two groups, namely, the group that had no LNM (LNM-) and the group that had
LNM (LNM+). The overall survival (OS) of the two groups were compared using the log-rank test.

The variables of patients from both the derivation cohort and the validation cohort, which were included
in the univariate and multivariate logistic regression models, were as follows: sex, age at diagnosis, tumor
region, T stage, grade, and pathologically lymph node metastasis. All cases were divided into two groups
(LNM-, LNM+) based on their pathological LNM status. To minimize the bias and improve the accuracy of
analysis results, we further strati�ed the patients according to the following parameters: (i) sex (male,
female); (ii) age (≤60 years, >60 years); (iii) tumor sites (lip and oral cavity, throat, and overlapping lesion
of lip, oral cavity and pharynx); (iv) T stages (T1, T2, T3~T4); and (v) grade (G1, G2, G3~G4). The tumor
histology (T stage and Grade) was categorized according to the TNM staging system of the American
Joint Committee on Cancer 7th Edition.24

Univariate And Multivariate Regression Analysis
Variables showing statistically signi�cant effect (p-value < 0.05) in the univariate analysis were included
in the multivariate regression model. Variables with p-values less than 0.05 in the multivariate regression
model were considered to be independent risk factors for LNM of patients with HNSCC. Before the
interpretation of multivariate regression results, the signi�cantly independent variables were assessed for
collinearity/multicollinearity using the variance in�ation factor (VIF). Values of VIF greater than 1
indicated that variables were collinear; VIF greater than 4 suggested that multicollinearity might be a
problem; VIF greater than 10 suggested that multicollinearity might be a serious problem.

Statistical Analyses
All statistical analyses and plots were performed using GraphPad Prism (version 8.0) and R software
(version 4.0.5). The continuous data were expressed as median (range), whereas the categorical variables
were described as frequencies and percentages. The survival curves for patients were plotted using the
Kaplan-Meier method. The difference between the short-term survival of the two groups was assessed
using the Gehan-Breslow-Wilcoxon test, and that between the long-term OS of the two groups was
assessed using the log-rank test. Univariate and multivariate logistic regression analysis were used to
assess the categorical variables. All statistical tests were two-sided, and a p-value < 0.05 was considered
to be statistically signi�cant.

Results

Clinicopathological features of HNSCC
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In the derivation cohort, HNSCC patients were predominantly male (73.5%) and middle-aged (median: 61
years, Q1~Q3: 54~68 years). The median age was 61 years (min ~ max: 19~90). The oral cavity was the
most commonly affected site (55.2%), followed by the larynx (22.4%), the overlapping lesion of lip,
pharynx (12.7%), tonsil (5.2%), pharynx (3.6%) and lip (8%). Considering the tumor pathological features,
tumors larger than 4 cm (T3~T4) were the most common (68.5%), followed by tumors with diameters
between 2 and 4 cm (T2) (24.3%). Tumors smaller than 2cm (T1) were rare (7.2%). The majority of
tumors were moderately differentiated (63.2%), followed by poorly differentiated/undifferentiated (24.9%)
and well- differentiated (11.9%) tumors. The incidence of LNM was 57.2%. The demographic and
pathological characteristics of these patients, as well as those in the validation cohort, were listed in
Table 1.
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Table 1
Demographics and baseline characteristics of patients

Characteristic Derivation cohort Validation cohort

Age (years)    

Median (min-max) 61 (19-90) 61 (25-90)

≤60 195 (53.9%) 252 (47.5%)

>60 167 (46.1%) 279 (52.5%)

Sex    

Male 266 (73.5%) 359 (67.6%)

Female 96 (26.5%) 172 (32.4%)

Tumor region    

Lip and oral cavity 203 (56.1%) 299 (56.3%)

Throat 113 (31.2%) 170 (32%)

Others 46 (12.7%) 62 (11.7%)

Tumor size (cm)    

≤2 26 (7.2%) 221 (41.6%)

2-4 88 (24.3%) 256 (48.2%)

>4 248 (68.5%) 54 (9.6%)

Tumor differentiation degree

Well 43 (11.9%) 179 (33.7%)

Moderately 229 (63.2%) 288 (54.2%)

Poorly/Undifferentiated 90 (24.9%) 64 (12.1%)

Lymph node metastasis    

Negative 155 (42.8%) 326 (61.4%)

Positive 207 (57.2%) 205 (38.6%)

Total 362 531

Associations Of Lnm With Overall Survival (Os)
The overall median OS of LNM− patients was 38.6 months, whereas that of LNM+ patients was 37.8
months. The log-rank test showed no signi�cant difference between the overall survival time of the two
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groups (log-rank p=0.084; HR=1.272, 95% CI: 0.967~1.674) (Figure 1A). However, the Gehan-Breslow-
Wilcoxon test demonstrated a signi�cant difference between the short-term survival of the groups
(Wilcoxon p<0.05). Consequently, we compared the 1-year, 3-year and 5-year survival rate of HNSCC
patients with or without LNM (Figure 1B~D). The results showed that LNM− patients had a signi�cantly
higher 3-year survival rate than LNM+ patients (61.2%, 50.9%, respectively; log-rank p<0.05). The 1-year
and 5-year survival curves of the two groups showed no statistically signi�cant difference (log-rank
p=0.832; HR=0.955, 95% CI: 0.62~1.47; log-rank p=0.096; HR=1.273, 95% CI: 0.955~1.696).

Risk Factors For Lnm
Among variables included in the univariate logistic regression analysis, the tumor size and tumor grade
were signi�cantly related to the LNM status of HNSCC. Tumors larger than 2cm had 1.607 (95% CI:
1.146~2.272; p<0.01) times the risk of LNM than those smaller than 2cm. Moderately differentiated and
poorly differentiated/undifferentiated tumors had 1.827 times the risk of LNM than the well-differentiated
ones (95% CI: 1.276~2.65, p<0.001). Meanwhile, there were no strong associations of age at diagnosis,
sex, primary tumor regions with LNM status (p>0.05). Variables with p<0.05 in the univariate logistic
regression analysis (T stage, and grade) were subsequently included in the multivariate logistic
regression analysis to determine the independent risk factors of LNM (Table 2). It was shown that both of
them were independent risk factors. The tumor differentiation degree contributed more to predicting LNM
compared to tumor size (OR=1.85, 95% CI: 1.287~2.697, p<0.01; OR=1.669, 95% CI: 1.18~2.378, p<0.01,
respectively). The independent roles of tumor size and grade as risk factors for LNM were also veri�ed in
the validation cohort (OR=1.936, 95% CI: 1.46~2.587, p<0.0001; OR=1.338, 95% CI: 1.015~1.767, p<0.05,
respectively) (Table 3).

Table 2
Logistic regression analysis of LNM in the derivation cohort (n=362)

Risk factor Univariate regression analysis Multivariate regression analysis

OR 95% CI P-value OR 95% CI P-value

Gender 0.713 0.445 ~ 1.14 0.157 - - -

Age 0.68 0.446 ~ 1.032 0.07 - - -

Tumor region 1.037 0.772 ~ 1.395 0.811 - - -

T stage 1.607 1.146 ~ 2.272 0.006 1.629 1.154 ~ 2.314 0.006

Grade 1.827 1.276 ~ 2.65 0.001 1.844 1.284 ~ 2.685 0.001
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Table 3
Logistic regression analysis of LNM in the validation cohort (n=531)

Risk factor Univariate regression analysis Multivariate regression analysis

OR 95% CI P-value OR 95% CI P-value

Gender 0.916 0.628 ~ 1.33 0.647 - - -

Age 1.222 0.861 ~ 1.738 0.261 - - -

Tumor region 1.077 0.89 ~ 1.319 0.47 - - -

T stage 1.34 1.023 ~ 1.759 0.033 1.338 1.015 ~ 1.767 0.04

Grade 1.938 1.463 ~ 2.585 <0.0001 1.936 1.460 ~ 2.587 <0.0001

Discussion
Older cancer patients usually have relatively poorer survival rates than younger patients.25, 26 HNSCC
patients diagnosed at ≥60 years of age have been reported to have increased cause-speci�c mortality.27

As it is known, advanced TNM stage and poor grade are usually associated with the poor survival of
cancer patients. However, the association of age with T classi�cation, grade or LNM remains
controversial. Some reports stated that the biologic behavior of HNSCC in younger patients was more
aggressive compared with that in elderly patients.28–31 However, other studies noted no signi�cant
difference in T stage or grade between young and old patients with HNSCC.28, 32 As to the association of
LNM with age, previous studies also had inconsistent and controversial �ndings. A retrospective study
based on a large patient cohort of tongue squamous cell carcinoma reported that the LNM rate in young
adults (< 40y) was higher than that in middle-age adults (40y~70y).32 This conclusion was supported by
several other studies.33–35 Meanwhile, Jun-Ook et al. noted no signi�cant difference in N stage between
different age groups.31 The inconsistency between these �ndings might be partially due to the
differences in population size, inclusion criteria of patients, age range, and age grouping, etc. In this
study, we were surprised to �nd that the LNM rate of young patients (<60y) compared to that of old
patients (≥60y) showed the opposite tendency in the derivation and the validation cohort. In the
derivation cohort, young patients had a slightly but not signi�cantly higher LNM rate compared to old
patients (p=0.0703). In contrast, the LNM rate of old patients was higher, though not signi�cantly, than
that of young patients (p=0.261) in the validation cohort. The latter may be ascribed to possible patient
selection bias in the choice of neck dissection surgery. When formulating the surgical plan, we
comprehensively considered the tumor malignancy, the patient's health status, and the patient's
expectations of quality of life after surgery. For elderly patients, the choice of neck dissection would be
made more rigorously, which might explain the higher LNM rate in our validation cohort than the actual
rate in elderly patients with HNSCC. Obviously, more prospective validation research is required to support
this assumption.
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As LNM is major prognostic factor for HNSCC patients, �guring out its risk factors is of utmost
importance.36, 37 Increasing evidence indicates that lymphatic metastasis is not entirely passively but
also actively regulated by malignant cells.38–40 Thus, the characteristics of primary tumors may highly
impact the outcome of LNM occurrence. Regarding the associations of LNM with tumor size, we found
that greater tumors (T2~T4) had increased the LNM rate 1.607-fold compared to smaller tumors (T1)
(95% CI:1.146~2.272, p<0.05). This �nding is in good agreement with previous studies. Chung et al.
reported that tumors with higher T stage (T3~T4) had higher LNM rate, though with no statistical
signi�cance, compared to those with lower T stage (T1) (OR:1.86, 95% CI: 0.95~3.77, p=0.07).41 Bataini
et al. reported an increased clinical occurrence of LNM in patients with T4 lesions (70%) compared to
those with T1 lesions (44%).42 Except for T stage, the histologic grading based on malignant
histomorphology has been widely used to predict the outcomes of patients with various cancer types,
including HNSCC.43–46 Kademani, et al. reported that a higher-grade of HNSCC tumors is associated with
decreased survival rate.47 A few studies have proved that tumor grade, especially grading at the invasive
front, is a predictor of LNM in HNSCC.48 Further reports identi�ed the signi�cant positive correlation of
the degree of pathological grade of primary tumors and occurrence frequency of germinal center
predominance pattern.49 Since HNSCC tumors with germinal center predominance pattern feature twice
risk of LNM compared to those with lymphocyte predominance pattern,50, 51 this may partially explain
why high-grade tumors metastasize to regional lymph nodes with higher frequency.

In addition to LNM status, many indicators related to metastatic lymph nodes have been documented to
be signi�cant predictors of HNSCC patient prognosis, including the number of metastatic nodes,52 lymph
node density (number of positive lymph nodes/total number of excised lymph nodes, LND)9, 53, 54 and the
presence of extra-nodal spread (ENS)7, etc. However, we could not make further associations because of
the limitations of the original data.

To the best of our knowledge, this study is one of the �rst to identify the risk factors for LNM of HNSCC
patients from the aspect of tumor pathology. We demonstrate that tumors with greater size and higher
grade have a greater potential for lymph node metastasis. Based on this, the early screening and
diagnosis of HNSCC is of critical importance for improving treatment e�cacy and prolonging overall
survival time. Despite its merits, the research has some limitations. Firstly, the present study had a
retrospective design and relied upon evaluations of the pathology reports. The heterogeneity of surgeons
performing the clinical practice was inevitable. Although patients in both the derivation cohort and the
validation cohort received neck dissection, the decisions on procedures made by surgeons varied among
individuals. Neck dissection is classi�ed based on the dissected anatomic regions, including radical neck
dissection, modi�ed radical neck dissection, selective neck dissection, and extended neck dissection.55

The diagnosis of pathological LNM was basically dependent on the performance of neck dissection. The
inconsistence of surgical practice might lead to underestimation of the incidence of pathological LNM
and of the correlation of LNM with the OS of HNSCC patients, as well as the potential correlations of
other variables with LNM. Secondly, the validation cohort was formed by patients from a single
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institution, therefore, a prospective multicenter randomized trial involving a larger number of patients is
necessary to validate the �ndings.

Conclusions
LNM is associated with poorer 3-year survival rates of patients with HNSCC. Tumor size and tumor
differentiation degree are signi�cant risk factors of LNM. Tumors with greater size and higher grade have
a greater potential for lymph node metastasis.
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Figure 1

The Flowchart of patient selection in the derivation and validation cohorts. Abbreviations: HNSCC, head
and neck squamous cell carcinoma; FAHZU, First A�liated Hospital of Zhejiang University.
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Figure 2

Kaplan-Meier curves of patients with HNSCC, grouped by pathological LNM diagnosis. The red solid and
blue solid lines represent HNSCC patients with LNM and those without LNM, respectively. The bands
represent pointwise 95% incidence intervals (CIs). The log-rank P-value, hazard ratio (HR) and
corresponding CI are shown in each graph. Abbreviations: LNM, lymph node metastasis; CI, incidence
intervals.


