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Neck dissection improves the
prognosis of patients with early-
stage oral squamous cell carcinoma

Yungang He%3, Haonan Shui%?, Jia Liu?, Yuehang He?, Jian Wu'*“ & Qiuzhi Chen***

For early-stage oral squamous cell carcinoma (OSCC), the primary treatment modality generally entails
surgical resection. However, the role of neck dissection in early-stage OSCC remains controversial.
The aim of this study was to evaluate the effect of neck dissection on the prognosis of patients with
early-stage OSCC. We identified patients with early-stage OSCC from the Surveillance, Epidemiology,
and End Results database spanning from 2004 to 2021. We collected demographic and clinical data,
including age, sex, tumor site, marital status, race, residence, income, grade, records of radiotherapy
and chemotherapy, neck management modality, survival time, disease-specific survival (DSS), and
overall survival (OS). A retrospective cohort study design was employed to differentiate between

the neck observation and neck dissection group. Kaplan—Meier survival analysis and Cox regression
were utilized to evaluate the association between neck dissection and survival outcome. The study
included 12,606 patients, of whom 5135 died (available for OS analysis), and 2477 died from OSCC
(available for DSS analysis). Kaplan—-Meier survival analysis revealed statistically differences between
the observation and neck dissection group in OS (p<0.0001) and DSS (p=0.00067). Multivariate
analysis confirmed that neck dissection was associated with improved survival, after adjusting for
multiple factors such as, age, sex, tumor site, marital status, race, residence, income, grade, records
of radiotherapy and chemotherapy, neck dissection was associated with a decreased risk of both DSS
(hazard ratio [HR]=0.73, 95% confidence interval [CI]=0.66-0.8; p<0.001) and OS (HR=0.76, 95%
Cl=0.71-0.81; p<0.001). Patients with early-stage OSCC may derive significant clinical benefit from
neck dissection; therefore, neck dissection is recommended for such patients.

Keywords Oral squamous cell carcinoma (OSCC), Early-stage, neck dissection, neck observation, Disease-
specific survival, Overall survival

Oral squamous cell carcinoma (OSCC) is the most prevalent malignant neoplasm in the head and neck region,
and given its significant impact on patients facial structures and physiological functions, OSCC has garnered
considerable attention in recent yearsl’z. According to the latest data, there are over 300,000 new cases of OSCC
worldwide each year, and nearly 200,000 patients die from this disease, with a worsening trend®. In accordance
with the most recent guidelines from the National Comprehensive Cancer Network (NCCN), patients diagnosed
with OSCC should undergo a multidisciplinary treatment, with surgery serving as the cornerstone of therapy,
and adjuvant radiotherapy and chemotherapy are recommended to reduce the risk of recurrence in patients with
high-risk factors such as lymph node metastasis, lymph vascular invasion, perineural invasion, or close surgical
margins*’.

Early-stage OSCC, classified as stage I-II according to the American Joint Committee on Cancer TNM
Staging System (T1-2NOMO), is primarily treated with surgery®. Studies shown that 5-year overall survival (OS)
for early-stage OSCC ranged from 60 to 70%, while 5-year disease-specific survival (DSS) ranges from 70 to
80%7~1%, and neck metastasis is a key prognostic factor''. Despite initial clinical examinations and neck imaging
studies including MRI and CT scans showing no evidence of positive lymph node metastasis, the incidence of
occult neck metastases in early-stage OSCC patients with clinically node-negative (cNO) status ranged from 20
to 30% 213, Despite this, there is currently no consensus on the need for neck lymph node dissection in patients
with early-stage OSCC, and authoritative guidelines, including those from the National Comprehensive Cancer
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Network (NCCN) and the Chinese Society of Clinical Oncology (CSCO), do not provide clear guidance!*!>.
Current research findings have exhibited inconsistencies, some studies demonstrated that patients with
early-stage OSCC who underwent selective neck dissection (SND) or sentinel lymph node biopsy (SLNB) in
conjunction with primary surgery experience improved OS and DSS!*!¢17. For example, Alimujiang Wushou
et al. found that cTINOMO OSCC patients benefited from elective neck dissection (END) in terms of overall
survival and disease-specific survival'®. However, other studies indicated that neck dissection did not provide
a significant survival benefit for patients with early-stage OSCC, and they pointed that the highly invasive
procedure may result in prolonged hospital stays, increased healthcare costs, and complications such as shoulder
and neck dysfunction, as well as skin pain and numbness!*2°, For example, Qiuyu Wu et al. demonstrated that
not all patients with cNO OSCC benefit from END, and END was only recommended for patients with cNO
tongue squamous cell carcinoma®!. As a result, clinical decision about whether to surgically remove the primary
site along with neck dissection in early-stage OSCC patients was often confusing®>?*.

Given the current conflicting research status, more evidence is needed to guide neck management strategies
in patients with early-stage OSCC?*. In this study, we conducted a large retrospective cohort analysis involving
12,606 patients with early-stage OSCC, aiming to investigate the effects of neck observation versus neck
observation on DSS and OS in early-stage OSCC, using data from the SEER Program.

Results

Patient characteristics

The study cohort included 12,606 eligible patients diagnosed with early-stage OSCC between 2004 and 2021.
The detailed patient selection process was summarized in Fig. 1, and patients were divided into observation and
neck dissection group. Table 1 provided a comprehensive summary of the baseline demographic characteristics
of all participants. Based on the retrospective data obtained from the SEER database, 4264 individuals (33.85%)
underwent neck dissection, while 8342 (66.15%) were assigned to the observation group. Specifically, 52.4%
of the patients were aged 65 years or older, 61.2% were male, and the majority (86.6%) were white. Tongue
cancer was the most prevalent site, accounting for 6803 cases (54.0%). The maximum follow-up period was
10 years, with a median survival duration of 36 months (interquartile range (IQR): 15.0, 75.0). During the
follow-up period, 5135 (40.7%) patients died, of which 2477 (19.6%) deaths were attributed to OSCC. There
were statistically significant differences in age, sex, tumor site, marital status, race, residence, income, tumor
grade, radiotherapy and chemotherapy between the two groups (p <0.05).

Cox proportional hazards regression analysis

Univariate analysis revealed significant associations between survival outcome (OS and DSS) and several factors,
including age, sex, tumor site, marital status, race, residence, income, grade, radiotherapy, chemotherapy, and
neck management modality. And the result indicated that neck dissection was a favorable factor for the survival
outcome (Table 2). Multiple regression model was used to evaluate the effects of neck dissection on DSS and
OS by adjusting different models (Table 3). Regarding DSS, all models demonstrated a significant reduction in
HR, compared to the reference group. Specifically, the risk of death was reduced by 27% after adjusting for age,
sex, tumor site, marital status, race, residence, income, tumor grade, radiotherapy, and chemotherapy in Model
3 ([HR]=0.73, 95%CI=0.66 ~0.8; p<0.001), indicating high statistical significance. For OS, similar trends
were observed, with Model 3 showing a 24% reduction in the risk of death ([HR]=0.76, 95%CI=0.71~0.81);
p<0.001), also highly statistically significant.

Subgroup analysis

Stratification and interaction analyses were employed to evaluate the robustness of neck dissection across various
population characteristics. For DSS, significant impacts on survival outcome were observed for age, sex, grade,
race and marital status. Interestingly, there were interactions between neck dissection and age, sex, grade and
marital status that warrant further investigation (Fig. 2A). Similarly, for OS, age, sex, grade, race and marital
status also demonstrated significant effects on survival outcome. Additionally, interactions at age and sex merit
further exploration (Fig. 2B). The detailed subgroup analysis data was provided in Supplementary Table 1.

Survival curve analysis

In the entire cohort, 5135 (40.7%) patients died, of whom 2477 (19.6%) succumbed to this cancer. The 5-year and
10-year disease-specific survival (DSS), rates for the neck dissection group were 77.7% and 64.4%, respectively,
while the corresponding rates in the control group were 76% and 59% (p=0.00067). Throughout the entire study
period, the neck dissection group exhibited a notably higher probability of survival, particularly during the
initial five-year phase (Fig. 3A). The 5-year and 10-year overall survival (OS) rates for patients who underwent
neck dissection were 65.4% and 20.9%, respectively, compared to 58.1% and 11.6% in the observation group
(p<0.0001). Throughout the study period, the neck dissection group exhibited a markedly higher survival rate,
particularly during the mid-study phase (30-90 months) (Fig. 3B). What's more, we further explored the effects
of SND and SLNB on survival outcome, the results showed that SLNB was significantly superior to SND in DSS
and OS throughout the follow-up period (p <0.05) (Fig. 3C,D).

Discussion

Oral squamous cell carcinoma (OSCC) is a highly aggressive cancer originating in the mucosal epithelium of
the oral cavity and accounts for approximately 90% of all oral cancers®. Not only could the disease cause serious
health problems, but it could also affect the patient’s appearance, speech, swallowing ability, and taste, thereby
profoundly reducing the patients quality of life?®. Despite recent advances in treatment strategies, the 5-year
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Fig. 1. Flow chart of the study.

survival rate remains around 60%>”%%. The situation is further complicated by the fact that many individuals
are diagnosed at advanced stages of OSCC. Therefore, for patients with early-stage OSCC, it is necessary to
implement more accurate treatment to improve the prognosis of these patients and the overall clinical cure rate
of OSCC.

Neck metastasis significantly affects survival outcome in patients with early-stage OSCC; however, it is
unclear whether all early-stage OSCC requires neck dissection.

Therefore, the medical community should undertake more extensive and large-scale studies to address this
challenge. The aim of this study was to compare the efficacy of neck dissection and neck observation through
a retrospective analysis of early-stage OSCC. To date, this study represented the most recent large-scale
retrospective cohort analysis, encompassing 12,606 patients with early-stage OSCC, with data current as of 2021.
Univariate analysis preliminarily confirmed that neck dissection was a protective factor for DSS and OS, and
different model adjustments further confirmed that it was an independent protective factor. Additionally, the
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Total Observation Neck dissection
Variables (n=12,606) (n=8342) (n=4264) P-value
Age, n (%) <0.001
<65 years 6003 (47.6) 3521 (42.2) 2482 (58.2)
265 years 6603(52.4) 4821 (57.8) 1782 (41.8)
Sex, n (%) <0.001
Male 7713 (61.2) 5192 (62.2) 2521 (59.1)
Female 4893 (38.8) 3150 (37.8) 1743 (40.9)
Site, n (%) <0.001
Lip 2172 (17.2) 2043 (24.5) 129 (3)
Tongue 6803 (54.0) 4089 (49) 2714 (63.6)
Gum 876 (6.9) 539 (6.5) 337 (7.9)
Floor of mouth 1076 (8.5) 547 (6.6) 529 (12.4)
Palate 530 (4.2) 481 (5.8) 49 (1.1)
Buccal mucosa 973 (7.7) 530 (6.4) 443 (10.4)
Others 176 (1.4) 113 (1.4) 63 (1.5)
Marital status, n (%) 0.004
Married 6728 (57.9) 4320 (57) 2408 (59.7)
Others 4885 (42.1) 3262 (43) 1623 (40.3)
Race, n (%) <0.001
White 10,912 (86.6) 7362 (88.3)
Black 473 (3.8) 318 (3.8)
Others 1071 ( 8.5) 550 (6.6)
Residence, n (%) <0.001
Urban 10,745 (85.3) 7035 (84.4) 3710 (87.1)
Rural 1850 (14.7) 1301 (15.6) 549 (12.9)
Income, n (%) <0.001
<50,000 972(7.7) 662 (7.9) 310 (7.3)
50,000-75,000 4660 (37.0) 3226 (38.7) 1434 (33.6)
>75,000 6973 (55.3) 4453 (53.4) 2520 (59.1)
Grade, n (%) <0.001
I 3620 (32.0) 2598 (36.2) 1022 (24.8)
II 5594 (49.4) 3171 (44.1) 2423 (58.7)
11 1591 (14.1) 995 (13.9) 596 (14.4)
Radiation, n (%) 0.031
No/Unknown 9234 (73.3) 6060 (72.6) 3174 (74.4)
Yes 3372 (26.7) 2282 (27.4) 1090 (25.6)
Chemotherapy, n (%) <0.001
No/Unknown 11,303 (89.7) | 7295 (87.4) 4008 (94)
Yes 1303 (10.3) 1047 (12.6) 256 (6)
Survival months 36.0 (15.0, 75.0) | 37.0 (15.0, 75.0) | 34.0 (15.0,77.0) | 0.137
DSS, n (%) <0.001
Alive or dead of other cause 10,129 (80.4) 6614 (79.3) 3515 (82.4)
Dead(attributable to the cancer) | 2477 (19.6) 1728 (20.7) 749 (17.6)
0OS, n (%) <0.001
Alive 7471 (59.3) 4616 (55.3) 2855 (67)
Dead 5135 (40.7) 3726 (44.7) 1409 (33)

Table 1. Patients’ demographic and clinical characteristics. DSS disease-specific survival, OS overall survival.

(Covariates with missing values was excluded from the Table 1).

stability of our results was validated through subgroup analyses. The results of the KM survival curve analysis
demonstrated that neck dissection significantly extended the median survival time for patients with early-stage

OSCC, improving both DSS and OS by 5 and 10 years, respectively.

Through multiple analytical methodologies, we determined that neck dissection significantly enhanced
survival outcome for patients with early-stage OSCC. Neck metastasis represents the predominant pattern of
recurrence in early-stage OSCC, despite the absence of positive lymph nodes in early-stage OSCC, statistical
data indicate a potential metastasis rate ranging from 20 to 30% 2°-!. The study supported early-stage OSCC
recommendations for neck dissection, whether SND or SLNB, with improved OS and DSS. The potential reasons
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Diseases-specific

survival Overall survival
Variables HR(95%CI) P-value | HR(95%CI) P-value
Age
<65 years Ref Ref
=65 years 1.47 (1.36,1.59) | <0.001 | 2.17 (2.05,2.3) <0.001
Sex
Male Ref Ref
Female 1.17 (1.08,1.27) | <0.001 | 1.04 (0.98,1.1) |0.158
Site
Lip Ref Ref
Tongue 4.01 (3.35,4.79) | <0.001 | 1.08 (1,1.17) 0.046
Gum 5.18 (4.17,6.44) | <0.001 | 1.55(1.38,1.74) | <0.001
Floor of mouth | 4.79 (3.89,5.9) | <0.001 | 1.59 (1.43,1.77) | <0.001
Palate 6.09 (4.83,7.68) | <0.001 | 1.84(1.62,2.1) <0.001
Buccal mucosa | 5.97 (4.85,7.36) | <0.001 | 1.72(1.54,1.93) | <0.001
Others 6.37 (4.58,8.84) | <0.001 | 1.64 (1.31,2.07) | <0.001
Marital status
Married Ref Ref
Others 1.45 (1.34,1.57) | <0.001 | 1.56 (1.48,1.65) | <0.001
Race
White Ref Ref
Black 1.68 (1.41,1.99) | <0.001 | 1.44 (1.26,1.63) | <0.001
Others 1.04 (0.9,1.21) | 0.564 0.78 (0.69,0.87) | <0.001
Residence
Urban Ref Ref
Rural 0.93(0.83,1.04) | 0217 | 1.1(1.02,1.19) | 0.009
Income
<50,000 Ref Ref
50,000-75,000 0.94 (0.81,1.09) | 0.399 0.93 (0.84,1.03) | 0.145
>75,000 0.82(0.71,0.95) | 0.007 0.81 (0.73,0.89) | <0.001
Grade
I Ref Ref
I 1.9 (1.72,2.11) <0.001 | 1.38(1.29,1.47) | <0.001
11T 2.67 (2.37,3.01) | <0.001 | 1.61(1.48,1.75) | <0.001
Neck dissection
No Ref
Yes 0.86 (0.79,0.94) | <0.001 | 0.75(0.7-0.8) <0.001
Radiation
No Ref
Yes 2.33(2.15,2.52) | <0.001 | 1.51(1.42,1.6) <0.001
Chemotherapy
No Ref
Yes 1.93 (1.75,2.14) | <0.001 | 1.26(1.16,1.37) | <0.001

Table2. Univariate analysis identifying prognostic factors for OS and DSS.

may encompass the following aspects: (1)preemptively obstructing the lymph node metastasis pathway to prevent
recurrence and metastasis®%; (2) For patients at risk of lymph node metastasis, neck dissection may eliminate
potential metastases and decrease the likelihood of local recurrence®; (3) Neck lymph node dissection could
provide a more accurate staging of the pathology and help to plan subsequent treatment, including adjuvant
radiotherapy or chemotherapy®*. However, many researchers did not recommend neck dissection, they believed
that neck dissection may damage the vague nerve, phrenic nerve, brachial plexus and other important nerves,
leading to corresponding complications *°. And vascular damage may also occur, such as the thin wall of the
internal jugular vein, unclear anatomical level or rough movement during intraoperative separation, which may
lead to massive bleeding of the internal jugular vein rupture, or improper ligation leading to massive bleeding,
or even air embolism>. Furthermore, some patients may experience transient dysfunction in the shoulder and
neck areas, while a minority of patients might suffer from permanent dysfunction in these regions. And for
patients with cNO, neck dissection may result in overtreatment for 70% to 100% of patients, thereby increasing
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Married
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HR (95%Cl)

Disease- specific survival | Overall survival
HR((95%CI) P-value | HR((95%CI) P-value

Model 0 | 0.86 (0.79-0.94) 0.001 | 0.75(0.7-0.8) <0.001

Model 1 | 0.9 (0.82-0.98) 0.013 | 0.84(0.79-0.9) | <0.001

Model 2 | 0.9 (0.83-0.98) 0.019 |0.85(0.8-0.91) | <0.001

Model 3 | 0.73 (0.66-0.8) <0.001 |0.76 (0.71-0.81) | <0.001

Table3. Multivariate analysis assessing independent prognostic factors for OS and DS. Model 0: non-adjusted.
Model 1: age, sex, race. Model 2: Model 1+ income, marital status, residence. Mode 3: Model2 + site, grade,
radiotherapy, chemotherapy.

B
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Fig. 2. Forest plot illustrating the association between neck dissection and survival outcome across various
subgroups: (A) DSS: disease-specific survival; (B) OS: overall survival.

the incidence of treatment-related complications, prolonging hospital stays, and escalating costs*’. Despite the
potential drawbacks associated with neck dissection, it is imperative to conduct this procedure in early-stage
OSCC patients to enhance the prognosis. Of course, to further enhance the management of complications,
we suggest conducting multicenter prospective studies to validate best practices and identify strategies that
can reduce the incidence of complications. These studies should focus on integrating advanced imaging and
molecular techniques to improve preoperative planning and intraoperative decision-making. Additionally, the
development of standardized protocols for preoperative assessment, surgical technique, and postoperative care
can help minimize variability and improve overall patient outcomes.

Furthermore, our preliminary findings indicated that SLNB may offer advantages over SND.The reason may
lie in that SLNB could accurately locate and detect sentinel lymph nodes with minimally invasive technology,
which can not only effectively identify latent metastases, avoid unnecessary neck dissection, reduce the
incidence of postoperative complications, but also preserve the immune function of neck lymph nodes and
help local immune recognition®®*°. Considering that SLNB surgery has the characteristics of short time and
short hospitalization period, this significantly reduces the occupation of medical resources. In addition, due
to the small scope of surgery, fewer postoperative complications, and relatively low overall treatment costs,we
recommend that experienced centers conduct further prospective clinical studies to evaluate this potential
superiority.

Our study has several limitations. First, the retrospective design of our study was based on data from the
SEER database, which may be subject to inaccuracies, particularly concerning detailed treatment protocols. To
mitigate this risk, we meticulously excluded patients with incomplete data and conducted subgroup analyses
focusing on OS and DSS, thereby validating the robustness of our findings. Second, this study was unable
to obtain critical pathological features including vascular invasion, neural invasion, and the depth of tumor
infiltration, these factors should be taken into account in subsequent research. Third, the SEER database contains
alimited amount of data on SLNB in early-stage OSCC, which impedes comprehensive and in-depth research on
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Fig. 3. Survival curve of patients with or without neck dissection. Kaplan-Meier curves of DSS (A) and OS (B)
of patients with or without neck dissection; DSS (C) and OS (D) of patients among the observation, SND, and
the SLNB group.

SLNB. In the future, our center plans to collaborate with multiple medical institutions to conduct large-sample
retrospective analyses and large-scale prospective studies to further validate these findings.

Conclusions
The large-scale cohort study indicated that neck dissection was a significant independent prognostic factor

for early-stage OSCC. We recommend that neck dissection be considered as part of early OSCC treatment to
potentially improve patient outcomes.

Methods

Data sources

In this large-scale, population-based retrospective study, detailed patient information from the SEER database (17
registries, Nov 2023 submission, 2004-2021) was downloaded using SEER*Stat version 8.4.4 software. Patients
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with OSCC were identified using ICD-O-3 morphologic codes 8050-8076, 8078, 8083, 8084, 8094041, Only
early-stage primary OSCC cases were included in the analysis. Exclusion criteria were as follows: (1) incomplete
survival records (including DSS and OS): To ensure the accuracy and reliability of our findings, patients with
incomplete survival records were excluded from the study (N=113); (2) incomplete neck dissection records:
incomplete data regarding neck dissection significantly influenced the analysis outcomes. To ensure the accuracy
and reliability of the results, patients with incomplete neck dissection information (N =448) were excluded; and
(3) incomplete AJCC cancer staging records and Late OSCC: Incomplete staging information may cause biased
the results, and given that patients with advanced tumors were not included in the study, they were excluded
from the analysis (181,366). Since the data involved in our study came from indirect data that was already
publicly available, we did not need ethics committee approval.

Surveillance, epidemiology, and end results coding and variable definition

The demographic and clinical data used in the analyses included: age, sex, tumor grade, derived AJCC T, N,
M classifications, RX Summary-Surgery Primary Site, RX Summary-Scope Regional LN Surgery, radiation
recode, chemotherapy recode, SEER cause-specific death classification, survival months, vital status recode, race
recode, marital status at diagnosis, residence, and income. Age groups were categorized as under 65 years and
65 years or older*>*3. Race is divided into four categories: white, black, other (including American Indian/Alaska
Native and Asian/Pacific Islander) and Unknown. Marital status was recorded as married, others (comprising
single, divorced, widowed, unmarried, domestic partner, or separated statuses), and unknown. Tumor grade
was categorized as well-differentiated, moderately differentiated, poorly differentiated, and unknown. Residence
was classified as urban or rural. Income was were divided into three categories: < $50,000, $50,000-$75,000,
and >$75,000%. Tumor sites included lip, tongue, gum, floor of mouth, palate, cheek, and others (overlapping
lesions of other/unspecified mouth and mouth, not otherwise specified). Radiotherapy and chemotherapy were
categorized as no/unknown or yes. Neck management modality was defined as a binary variable, including
observation and neck dissection (1 to 3 regional lymph nodes removed, 4 or more regional lymph nodes
removed, SLNB, SLNB with lymph nodes removed at different times, and SLNB with lymph nodes removed at
the same/unstated time). The primary study outcome was OS and DSS. OS is the survival time from diagnosis of
OSCC to death from any cause®, and DSS is the time from diagnosis of OSCC to death due to OSCC*.

Statistical analyses

Descriptive analysis was conducted on data from all participants. Missing values in the covariates were imputed
using appropriate interpolation methods. Categorical variables were presented as frequencies and percentages
(%). Comparisons of categorical variables were performed using the chi-square test or Fisher’s exact test, as
appropriate. Univariate and multivariable Cox regression analyses were used to assess the correlation between
neck dissection and various covariates with OS and DSS. Survival curves were generated using the Kaplan-
Meier method. Subgroup analyses were conducted to investigate the relationship between neck dissection and
survival outcome, adjusting for potential confounding covariates. Interaction tests within Cox proportional
hazards models were utilized to compare hazard ratios (HRs) across subgroups. All statistical analyses were
performed using Free Statistics Software version 2.0. Statistical significance was defined as p <0.05.

Data availability
Data will be made available on request (Should any party require access to the data from this study, they may
contact Dr. Yungang He; E-mail:13842693992@163.com).
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