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Abstract 

Background  The neck management of clinical-nodal negative (cN0) oral squamous cell carcinoma (OSCC) remains 
controversial. Elective neck dissection (END) and observation are the main strategies, but it is still not clear who could 
benefit the most from END. The purpose of this study was to clarify the potential clinical factors that affect the thera-
peutic value of END and to explore the actual characteristics associated with benefit from END.

Methods  Patients with cN0 OSCC were identified in the SEER database from 2000 to 2019. 5-year Overall survival 
(OS) and disease-specific survival (DSS) were analyzed using the Kaplan‒Meier method, and the hazard ratios (HRs) 
for survival were estimated using the Cox regression model. Multiple subgroup analyses of DSS and OS among differ-
ent factors, comparing END and No END, were performed.

Results  A total of 17,019 patients with cN0 OSCC were included. The basic survival analysis and Cox regression 
model showed that END increased the probability of 5-year DSS and OS and was an independent prognostic fac-
tor. However, among patients who underwent only primary tumor surgery, no significant differences were found 
between the END and No END groups in 5-year DSS (P = 0. 585) and OS (P = 0.465). Further subgroup analysis showed 
that primary sites and T stage, but not other factors, might influence the benefit of END. Significant differences were 
found for T1 (P < 0.001 for OS) and T2 (P = 0.001 for DSS and < 0.001 for OS) tongue squamous cell carcinoma (TSCC) 
but not for other primary tumor sites.

Conclusion  This large-scale retrospective population-based cohort study suggests that not all patients with cN0 
OSCC could benefit from END. Patients with cN0 TSCC are recommended to undergo END, especially with early-stage 
tumors.
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Introduction
According to the GLOBOCAN 2020 database, there 
were 377,713 new cases (2.0% of the total) of lip and 
oral cavity cancer and 177,757 new deaths (1.8% of the 
total) from this condition in 2020, the majority of which 
were oral squamous cell carcinoma (OSCC) [1]. Surgi-
cal excision of the primary tumor is the major treat-
ment for patients with OSCC according to the NCCN 
Clinical Practice Guidelines in Oncology for Head and 
Neck Cancers, combined with radiation therapy, chem-
otherapy and the newly introduced immunotherapy [2].

One of the defining features of OSCC is lymph node 
metastasis, which can be occult and dramatically affect 
the survival and prognosis of patients [3]. Although 
imaging technologies have evolved in decades, it is still 
impossible to detect all occult metastases in the cervi-
cal lymph nodes [4]. The best approach to neck man-
agement has not reached a consensus, especially for 
clinical-nodal negative (cN0) OSCC patients [5].

Elective neck dissection (END) and observation are 
the two main strategies for neck management, which 
are chosen mostly based on the judgments of surgeons 
[5]. Whether to perform END or just wait and observe 
has been debated for a long time but still remains con-
troversial [6]. Many researchers found that END could 
significantly prolong the survival time and decrease 
regional recurrences in patients with tongue, floor of 
mouth, buccal mucosa or other sites of squamous cell 
carcinoma, advocating that END should be the upfront 
treatment to remove any occult metastasis [7, 8]. In 
contrast, other studies showed that the performance of 
END was not associated with improved rates of overall 
or disease-specific survival, especially in cT1-2 OSCC, 
and it was associated with higher rates of complica-
tions, including shoulder dysfunction, pain, and con-
tour changes [9–11]. The conflict between these two 
decisions may be due to the lack of sufficient samples 
and multidimensional analysis of different kinds of 
patients with OSCC.

The Surveillance, Epidemiology, and End Results 
(SEER) database provides an appropriate opportunity to 
survey the necessity and benefit of END in patients with 
cN0 OSCC because of its large sample size and relatively 
comprehensive clinical records [12]. Based on the large-
scale population of these patients, we thoroughly inves-
tigated the potential factors that modulate the benefit of 
END on patient survival and identified the optimal can-
didates who could gain maximum benefit from END with 
multiple subgroup analyses. To our knowledge, this ret-
rospective study was conducted with the most updated 
data from the SEER database and the largest possible 

sample size. We sought to provide objective evidence for 
the management of the cN0 neck in patients with OSCC.

Methods
Data Sources
In this retrospective large-scale population-based study, 
the detailed information of patients from SEER database 
17 registries (Nov 2021 Submission, 2000–2019) was 
downloaded using SEER*Stat 8.4.0 software with per-
mission from NCI (reference number 12910-Nov2021). 
Patients who met the following criteria were extracted: 
(1) Histologic type ICD-O-3: 8050–8076, 8078, 8083, 
8084, 8094; (2) primary sites: C02.0, C02.1, C02.2, C02.3, 
C02.8, C02.9, C03.0, C03.1, C03.9, C04.0, C04.9, C05.0, 
C06.0, C06.1, C06.2; (3) clinically node-negative (N0) 
neck. Exclusion criteria included (1) incomplete survival 
record; (2) incomplete END record; and (3) incomplete 
AJCC cancer staging record.

The variables investigated in this study included the age 
at diagnosis, year of diagnosis, sex, race recode, marital 
status at diagnosis, primary tumor site, derived AJCC T 
and M stages, SEER*Stat RX Summary-Surgery Primary 
Site, RX Summary-Scope Reg LN Sur, radiation recode, 
chemotherapy recode, survival months, vital status 
recode, cause of death to site recode and SEER cause-
specific death classification. The primary study outcomes 
were overall survival (OS) and disease-specific survival 
(DSS), and the hazard ratios (HRs) was also calculated.
This cohort study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
reporting guideline.

Statistical analysis
Clinical and demographic features were compared across 
subgroups using the chi-square or Fisher exact test. 
Overall survival (OS) time was calculated from diagnosis 
to death from any cause and was censored if the patient 
was alive at the last follow-up or up to 60 months. Dis-
ease-specific survival (DSS) time was calculated from 
diagnosis to death from “SEER cause-specific death 
classification”. Patients were censored if they died from 
other causes or were alive at the last follow-up or up to 
60 months. Survival curves of OS and DSS were analyzed 
using the Kaplan‒Meier method, and survival differences 
between subgroups were compared using the log-rank 
test. Then, all significant factors were included in a multi-
variate analysis based on a multivariate Cox proportional 
hazards regression model that was used to estimate the 
HRs for survival. Statistical calculations were performed 
using IBM SPSS Statistics software (version 25.0, IBM 
Corp. US), and visualization was performed using the 
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“survminer” and “forestmodel” packages in R (version 
4.1.0). All statistical tests were 2-sided and considered 
significant at P < 0.05.

Since this study did not involve interactions with 
human subjects or the use of any personal identifying 
information, institutional review board approval for the 
use of this deidentified dataset was not needed.

Results
Baseline characteristics and survival analysis
A total of 17,019 patients with cN0 OSCC who met the 
inclusion criteria were identified. The median age at diag-
nosis was 67 years (range 6–85 +), and the mean follow-
up time was 47.37 months. The majority of these patients 
were male (9448, 55.5%), white (14,540, 85.4%) and mar-
ried (9059, 53.2%). END was performed in 4078 patients 
(24.0%), while the other 12,941 (76.0%) patients did not 
undergo END.

Significant differences in OS and DSS were found for 
END (Fig.  1), age, race, marital status, primary sites, T 
stage, M stage, surgery, radiation and chemotherapy 
(P < 0.001) but not for sex (P = 0.049 in DSS but = 0.74 in 
OS, Supplementary Figs. 1–2). The Cox regression model 
showed that age, race, marital status, primary sites, T 
stage, M stage, surgery, radiation, chemotherapy, and 
most importantly, END, were independent prognostic 
indicators (Supplementary Fig.  3). The END group was 
associated with prolonged DSS (HR, 0.72; 95% confidence 
interval [CI], 0.64–0.80; P < 0.001) and OS (HR, 0.77; 95% 

CI, 0.71–0.84; P < 0.001) compared with the No END 
group. As shown in Table 1, except for sex, the dead/alive 
ratio for age, race, marital status, primary sites, T stage, 
M stage, surgery, radiation, and chemotherapy were sig-
nificantly different between the END group and the No 
END group, both for OS and DSS. These results were 
consistent with previous studies [13].

Subgroup survival analysis
From the results above, it seems that END could increase 
the 5-year survival rates in cN0 OSCC patients, but it is 
still not clear which kind of patients could benefit most 
from END or who could not benefit from END. To fur-
ther identify the actual candidates, we performed a 
subgroup analysis of all of the independent prognostic 
factors. Indeed, END significantly increased the probabil-
ity of 5-year DSS and OS in most subgroups of age, race, 
marital status, primary sites, T stage, M stage, surgery, 
radiation and chemotherapy (P < 0.001 for both DSS and 
OS), except for age < 50 (P = 0.214 for DSS and P = 0.074 
for OS), age 50–80 (P = 0.086 for DSS and P = 0.505 for 
OS), American Indian/Alaska Native (AI, P = 0.320 for 
DSS and P = 0.979 for OS) and unknown race (P = 0.382 
for DSS and P = 0.250 for OS) and unknown M stage 
(MX, P = 0.442 for DSS and P = 0.883 for OS, Fig. 2, Sup-
plementary Figs. 4–5).

To our surprise, the results of the surgery and END 
subgroup analyses showed that there was no difference in 
DSS and OS among the patients who underwent surgery, 

Fig. 1  DSS (A) and OS (B) curves of patients with cN0 OSCC with or without END. Abbreviations: DSS Disease-specific survival, END Elective neck 
dissection, OS Overall survival, OSCC Oral squamous cell carcinoma
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Fig. 2  DSS (A) and OS (B) curves of patients with cN0 OSCC according to different treatment categories with END subgroup analysis. Abbreviations: 
DSS Disease-specific survival, END Elective neck dissection, OS Overall survival, OSCC Oral squamous cell carcinoma
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regardless of whether they received END (Supplementary 
Fig.  6). In contrast, patients had better survival if they 
underwent surgery in both the END and No END groups 
(Supplementary Fig. 6). In addition, the constituent ratios 
between the END and No END groups displayed signifi-
cant differences only for T stage and surgery. A total of 
99.8% of patients in the END group underwent surgery, 
while only 83.5% of patients did in the No END group 
(P < 0.001) (Table 1). These results indicated that the ben-
efit brought by END might mostly come from undergo-
ing surgery and further confirmed that not all patients 
with cN0 OSCC could benefit from END.

Further exploration of potential subgroups that benefited 
from END
To identify the patients who received the most benefit 
from END, we first performed subgroup analysis of differ-
ent treatment strategies. As shown in Supplementary Fig. 7, 
there was a dramatic difference among these strategies, with 
surgery only being the optimal one for both DSS and OS. 
Among these subgroups, END outweighed No END only in 
the Surgery+Radiation+Chemotherapy− group (P < 0.001 for 
both DSS and OS) and Surgery+Radiation+Chemotherapy+ 
group (P = 0.005 for DSS and P = 0.026 for OS). Interestingly, 
in the only surgery group, END still showed little difference 
from No END both in DSS (P = 0.585) and OS (P = 0.465), 
which further proved our assumption (Fig. 2).

Since radiation and chemotherapy could greatly inter-
fere with the survival analysis of END, we excluded 
these patients and focused on the patients who merely 
underwent primary site surgery. A total of 11,836 
patients were identified, 45.4% of whom were female 
and 54.6% of whom were male. Their median age was 
66  years (range 6–85 +), and the majority were also 
white (10,257, 86.7%) and married (6533, 55.2%). There 
were a total of 9229 (78.0%) patients in the END group 
and 2607 (22.0%) in the No END group. We estimated 
the potential factors using a Cox regression model in 
these separate groups of patients. As displayed in Fig. 3, 
variables including age, sex, race, marital status, pri-
mary site, T stage, M stage and END were independent 
prognostic factors.

We then performed subgroup analysis of DSS and OS 
for these factors and surprisingly found that for most 
indicators, the difference in DSS and OS between the 
END group and the No END group was no longer signifi-
cant, including sex, age, race, marital status and M stage 
(Supplementary Figs. 8–9). However, for primary site and 
T stage, END showed better results for tongue (P = 0.009 
for OS), T1 (P = 0.003 for OS) and T2 (P < 0.001 for both 
DSS and OS, Fig. 4). Therefore, we focused on these two 

independent indicators and conducted cross-subgroup 
survival analysis in multiple subgroups, as shown in 
Fig. 5. The results showed that in tongue squamous cell 
carcinoma (TSCC), END lead to better prognostic out-
comes in T1 (P = 0.001 for OS) and T2 (P < 0.001 for both 
DSS and OS). In cN0 T3 and T4 TSCC patients, the DSS 
and OS curves also showed a trend toward a benefit from 
END, but the differences were not significant, perhaps 
because of the lack of samples (T3: n = 197, 2.7%; T4: 
n = 99, 1.3%). There was no significant difference in DSS 
or OS between the END and No END groups at other 
primary sites. The detailed characteristics of the TSCC 
patients are listed in Table  2. All of these results sug-
gested that patients with TSCC may benefit from END, 
espesially with early-stage tumors.

Discussion
Based on the large-population survival analysis of 
patients with cN0 OSCC acquired from the SEER data-
base, we found that END was an independent prognostic 
factor. Surprisingly, in the subgroup analysis, END did 
not affect survival in patients who underwent primary 
site surgery. After excluding the influence of radiation or 
chemotherapy on survival, we found that not all patients 
with cN0 OSCC could definitely benefit from END. Fur-
ther analysis showed that patients with TSCC, even those 
with early-stage tumors, could benefit from END, but 
END did not lead to significantly better survival results 
for tumors arising from other sites.

In recent decades, researchers around the world have 
continuously focused on END in OSCC patients, espe-
cially those with early-stage tumors. Before 2010, four 
randomized controlled trials (RCTs) were carried out 
with small samples (only 67–71), three of which did not 
find differences in survival between END or observation 
[14–17]. A surgical team from Brazil found that patients 
treated with elective supraomohyoid neck dissection 
had a significant benefit in terms of disease-free survival 
(DFS) only in those whose tumor thickness was > 4  mm 
and a later stage, leaving the question unanswered [16]. 
In 2015, D’Cruz AK and his team performed the larg-
est single-center RCT, the Mumbai trial [18], compar-
ing END and therapeutic node dissection (watchful 
waiting followed by neck dissection for nodal relapse). 
Their results showed an improved rate of overall survival 
(80.0% vs. 67.5%, P = 0.01) and disease-free survival with 
END relative to those in the therapeutic surgery group 
(69.5% vs. 45.9%, P < 0.001), with similar complication 
rates (6.6% vs. 3.6%). Nevertheless, these studies could 
not provide conclusive evidence because of the low qual-
ity of the trials [19]. Later, the high-quality SEND study 
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[19] in 2019 with 27 hospitals in the UK and 250 rand-
omized patients indicated that those who underwent 
END had a lower risk of death or local recurrence, even 
with small tumors. However, the lack of enough samples 

from extensive areas still limits the generalization of END 
in cN0 OSCC patients.

Many researchers have conducted meta-analyses to 
summarize the effect of END from a larger cohort [20, 

Fig. 3  Forest plots summarizing hazard ratios for DSS (A) and OS (B) of patients who only underwent primary site surgery without radiation 
and chemotherapy. Abbreviations: AI American Indian/Alaska Native, API Asian or Pacific Islander, B black, CI Confidence interval, DSS 
Disease-specific survival, END Elective neck dissection, HR Hazard ratio, MX Unknown M stage, OS Overall survival
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21], but the inherent heterogeneity among different stud-
ies, especially between RCTs and retrospective stud-
ies, makes it difficult to provide convincing conclusions 
[22]. Three meta-analyses, which included only the RCTs 
mentioned above, were conducted in 2011 [23], 2015 [24] 
and 2019 [25]. Their results revealed that END signifi-
cantly reduced the risk of regional recurrences and the 
risk of disease-specific death and revealed a longer OS 
and DFS compared to observation. These studies, how-
ever, included low-quality RCTs, leading to their inferior 
reliability.

The SEER Program of the National Cancer Institute 
is a relatively comprehensive source of information 
on cancer incidence and survival in the United States, 
covering 48% of the U.S. population currently [25]. 
Several studies have investigated cN0 OSCC patients 
within this database [26]. Alimujiang et al. performed 
two SEER-based analyses comparing END and obser-
vation in cT1N0 or T2N0 OSCC patients separately 
[13, 27]. Through survival analysis and the Cox regres-
sion model, they showed that END was an independ-
ent prognostic indicator, improving both DSS and OS. 
These results are in accordance with our findings, but 

in our study, we further explored the potential factors 
that affect the survival of END-treated patients and 
the actual characteristics that predict a benefit from 
END.

To our knowledge, our study is the first to evaluate the 
effect of END in cN0 OSCC with multidimensional sub-
group analysis. However, there are still several shortcom-
ings of this study. An analysis of pathological grade was 
not included because the records of pathological grade 
were missing in most cases, and those with this record 
were censored at 2  years. Another disadvantage lies in 
the missing data of the actual affected lymph node dis-
tribution in different areas of the neck in those who 
underwent END, making it impossible to elucidate which 
district should be surgically excised among the different 
sites [28].

Conclusions
To conclude, primary tumor site and T stage are the 
essential factors that influence the benefit of END on 
patient survival, and END is recommended in patients 
with cN0 TSCC, especially those with early-stage tumors. 

Fig. 4  Subgroup survival analysis of END in cN0 OSCC patients who only underwent primary site surgery without radiation and chemotherapy 
according to the primary site (A, B) or T stage (C, D). Abbreviations: DSS Disease-specific survival, END Elective neck dissection, OS Overall survival, 
OSCC Oral squamous cell carcinoma
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Fig. 5  DSS (A) and OS (B) curves represent the cross-subgroup survival analysis of END in cN0 OSCC patients who only underwent primary site 
surgery without radiation and chemotherapy according to the primary sites and T stages. Abbreviations: DSS Disease-specific survival, END Elective 
neck dissection, OS Overall survival, OSCC Oral squamous cell carcinoma
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In the future, the potential immunological or molecular 
mechanism of END should be clarified, and large-scale 
multicenter RCTs investigating new surgical methods, 
such as sentinel lymph node dissection (SLND), are 
urgently needed [29].
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