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Abstract
Background : The major salivary gland squamous cell carcinoma is a rare head and neck tumor, often accompanied by lymph node

metastasis. Even if the patient undergoes surgery, the prognosis remains unsatisfactory. To explore the prognostic factors of postop-

erative major salivary gland squamous cell carcinoma to establish a prognostic risk stratification model to guide clinical practice.

Methods: Patients’ information was retrieved from the Surveillance, Epidemiology, and End Results database from 2004 to 2018.

Optimal cutoff points were determined using X-tile software, and overall survival and disease-specific survival were calculated by

the Kaplan-Meier method. Independent prognostic factors affecting the overall survival and disease-specific survival were identified

by multivariate analysis, and corresponding 2 nomogram models were constructed. The discriminative ability and calibration of nomo-

grams were evaluated by the Concordance index, area under curves, and calibration plots. Results: A total of 815 patients with post-

operative major salivary gland squamous cell carcinoma were enrolled. The cutoff values for the number of lymph nodes were 2,

and the cutoff values for the lymph node ratio were 0.11 and 0.5, respectively. Age, T stage, tumor size, lymph nodes, lymph node

ratio, and radiotherapy were prognostic factors for overall survival and disease-specific survival. Nomograms for disease-specific sur-

vival and overall survival were established and showed favorable performance with a higher Concordance index and area under curves

than that of the tumor–node–metastasis stage and Surveillance, Epidemiology, and End Results stage. The calibration plots of 1-, 3-, and

5-year overall survival and disease-specific survival also exhibited good consistency. What’s more, patients were divided into low-, mod-

erate-, and high-risk groups according to the scores calculated by the models. The overall survival and disease-specific survival of

patients in the high-risk group were significantly worse than those in the moderate- and low-risk group.Conclusions:Our nomogram

integrated clinicopathological features and treatment modality to demonstrate excellent performance in risk stratification and predic-

tion of survival outcomes in patients with major salivary gland squamous cell carcinoma after surgery, with important clinical value.
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Introduction
Major salivary gland carcinomas (MSGCs) are a diverse and
highly heterogeneous group of rare malignancies.1 The major
salivary gland squamous cell carcinoma (MSSCC) is a rare his-
tological type of MSGCs, accounting for about 0.9% to 4.7%.2
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Surgery is the primary treatment method for resectable MSSCC.
Postoperative radiotherapy can improve the local control rate
and disease-free survival, but whether it can prolong the sur-
vival time is still unclear.3,4 MSSCC is prone to local recur-
rence, and the 5-year overall survival (OS) rate is less than
50% even for patients treated with surgery.5 Owing to its
rarity, most studies on MSSCC are small sample reports or
MSSCC combined with other types of SGCs are analyzed as
a whole.6,7 Up to now, the clinicopathological characteristics,
treatment modalities, survival outcomes, and potential progno-
sis factors of MSSCC have not been fully elucidated.

The American Joint Committee on Cancer (AJCC) tumor–
node–metastasis (TNM) stage is an important reference factor
in the treatment selection of MSSCC, but it still has limitations
in clinical application, especially in head and neck carcinoma.8

Lymph node metastasis is considered as one of the most impor-
tant prognostic factors for salivary gland carcinoma.9–11

Accumulating evidence suggests that lymph node number
(LNN) and lymph node ratio (LNR) are associated with clinical
outcomes in these patients.12–14 Nonetheless, no study has yet
analyzed the prognostic value of LNN and LNR in MSSCC.

Thus, we performed a retrospective analysis of a large-scale
population from the Surveillance, Epidemiology, and End
Results (SEER) database to investigate the clinical value of
LNN and LNR in MSSCC after resection. Furthermore, we
established a satisfactory nomogram prediction model and strat-
ified patients into different risk groups, which has greater clin-
ical application value.

Methods

Data Collection
The demographic and clinicopathological data of patients ini-
tially diagnosed with MSSCC between January 1, 2004, and
December 31, 2018, were retrieved from the SEER database.
As the data for this study were derived from a public database,
there was no need for the additional ethical application.

All patients had a clear pathological diagnosis, AJCC TNM
stage, and detailed surgical information, including surgical
method, tumor size, number of lymph nodes examined intrao-
peratively, and number of positive lymph nodes. The main
inclusion criteria were as follows: (1) pathologically diagnosed
as MSSCC; (2) age at diagnosis was over 18 years old; (3) first
malignancy; (4) surgery performed; (5) definite T, N, M stage;
(6) the number of examined lymph node (ELN)≥1. Patients
with distant metastasis and unknown clinical features were
excluded from our study. Besides, patients who did not
receive surgical resection, and those who only received adju-
vant chemotherapy were also excluded.

Variables Definition
LNR was defined as the ratio of positive lymph nodes to the total
number of lymph nodes removed. OS was the interval from the
diagnosis to the death caused by any reasons or the last follow-up.

Disease-specific survival (DSS) was calculated as the time from
the initial diagnosis to the date of cancer-specific death.

Statistical Analysis
Statistical analyses were performed using the SPSS software
(version 23.0; IBM) and R software (version 4.1.1) and
GraphPad Prism (version 9.0; GraphPad Software Inc).
Appropriate thresholds were determined by minimum P value
and maximum χ2 tests using X-tile software. The influence of
each variable on OS and DSS was analyzed using the
Kaplan-Meier method, and significance was evaluated by
log-rank test. Univariate and multivariate Cox regression anal-
yses were performed to assess the effect of each variable on
prognosis, and nomogram models were established. The dis-
criminative ability of the nomogram model was evaluated by
Concordance index (C-index) and area under curve (AUC),
and the Calibration plot was used to further evaluate the calibra-
tion ability between actual results and predicted probabilities. P
< .05 was considered statistically significant.

Results

Basic Characteristics and Cutoff Values
A total of 815 patients were eligible for the present study. The
basic characteristics are seen in Table 1. A total of 411 patients
(50.4%) were diagnosed and treated from 2004 to 2011, and the
remaining patients (49.6%) were admitted from 2012 to 2018.
In the whole cohort, the predominant patients were man
(79.5%) and white race (n= 421). The median age of patients
was 70 years old. More than 90% of cases occurred in the
parotid gland, followed by the submandibular gland (8.5%).
The pathological grades of most cases were moderately differ-
entiated (29.9%) and poorly differentiated (49.6%). The median
tumor size was 3 cm, and there were 334 cases (41.0%) of T1 to
2 stage and 481 cases (59.0%) of T3 to 4 stage. The number of
patients with positive lymph nodes slightly outnumbered those
with negative lymph nodes (55.0% vs 45.0%). Most patients
(78.5%) were at stage III to IV, suggesting that MSSCC is an
aggressive malignancy of the salivary gland.

The median ELN and LNNwere 16 (range: 1-90) and 1 (range:
0-90), respectively. As shown in the results of Kaplan-Meier
curves and log-rank tests, the subgroup differences were most sig-
nificant using these optimal truncation values identified from the
X-tile program (Supplementary Figure 1). The cutoff values of
age were 72 and 80 (n= 401 vs 190 vs 224, χ2: 119.0250, relative
risk: 1.00/1.42/1.90, P< .001). The cutoff value of LNN was 2 (n
= 638 vs 177, χ2: 27.8064, relative risk: 1.00/1.34, P< .001).
Besides, the cutoff value of LNR were 0.11 and 0.5 (n=549 vs
180, χ2: 21.8657, relative risk: 1.00/1.18/1.39, P< .05).

Treatment Patterns
In terms of treatment modalities, 567 patients underwent adju-
vant radiotherapy after surgery, and 196 patients underwent
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adjuvant chemotherapy. More specifically, as shown in
Supplementary Figure 2, the majority of patients (47.2%) were
treated with surgery plus adjuvant radiotherapy, while 241 patients
(29.6%) received surgery alone and 189 patients (23.2%) received
surgery plus adjuvant chemoradiotherapy. Among 175 patients
with early-stage, only 11 (6.3%) patients received chemoradiother-
apy after surgery, and most patients were treated with surgery with
or without radiotherapy. Of those with stage III to IV, 170 (26.6%)
patients underwent surgery alone; 292 (45.6%) patients were
offered surgery and adjuvant radiotherapy, 178 (27.8%) patients
received surgery and adjuvant chemoradiotherapy. Additionally,
Supplementary Figure 2 also showed treatment trends of patients
with MSSCC in the SEER databases from 2004 to 2018.

Survival Outcomes
The median follow-up period of the entire cohort was 80.0
months. Among these patients, 224 patients died from MSSCC,
and 211 patients died from other causes, including diseases of
heart, cerebrovascular diseases, lung and bronchial diseases, and
diabetes mellitus. The median OS was 59.0 months, and the
median DSS was not reached (Supplementary Figure 3). The
overall 1-, 3-, 5-, and 10-year OS rates of patients with MSSCC
were 82.9%, 61.1%, 49.5%, and 32.0%, respectively. The DSS
rate of 1-, 3-, 5-, and 10-year were 87.5%, 72.9%, 67.7%, and
62.7%, respectively. In addition, the Kaplan-Meier curves of OS
and DSS among the different AJCC TNM stage and SEER com-
bined stage are also presented in Supplementary Figure 3.

Prognostic Factors
The results of univariate and multiple Cox regression models
for OS and DSS are presented in Tables 2 and 3. Univariate
analysis revealed that older age, advanced T stage, large
tumor size, and more LNN, higher LNR, and no radiother-
apy were associated with decreased OS (all P < .05),
whereas gender, race, marital status, year of diagnosis,
primary site, histologic grade, N stage, and chemotherapy
were not prognostic factors. In multiple Cox regression
models, age at diagnosis, T stage, tumor size, LNN, LNR,
and radiotherapy were independent prognostic factors for
OS (all P < .05) (Table 2).

Furthermore, the results showed that patients older than 72
years had shorter DSS than patients younger than 72 years.
Compared with those with lesions in the parotid gland, patients
with lesions in the submandibular gland had a 1.5-fold

Table 1. Basic Characteristics.

Characteristic N %

Gender
Male 648 79.5
Female 167 20.5
Age at diagnosis (year)
18-72 401 49.2
73-80 190 23.3
>81 224 27.5
Race
White 752 92.3
Black 29 3.6
Others 34 4.2
Marital status
Married 477 58.5
Others 338 41.5
Year of diagnosis
2004-2011 411 50.4
2012-2018 404 49.6
Primary site
Parotid gland 734 90.1
Submandibular gland 69 8.5
Sublingual gland 2 0.2
Major salivary gland, NOS 10 1.2
Grade
I 42 5.2
II 244 29.9
III 404 49.6
IV 36 4.4
Unknown 89 10.9
T stage
T1 145 17.8
T2 189 23.2
T3 256 31.4
T4a 183 22.5
T4b 40 4.9
T4NOS 2 0.2
N stage
N0 367 45
N1 209 25.6
N2 225 27.6
N3 14 1.7
AJCC TNM stage
I 78 9.6
II 97 11.9
III 263 32.3
IVA 324 39.8
IVB 51 6.3
IVNOS 2 0.2
Tumor size
≤2 189 23.2
2-4 377 46.3
>4 249 30.6
SEER stage
Localized 180 22.1
Regional 461 56.6
Distant 174 21.3
LNN
≤2 638 78.3
>2 177 21.7

(continued)

Table 1. (continued).

Characteristic N %

LNR
0-0.11 549 67.4
0.11-0.5 180 22.1
>0.5 86 10.6

Abbreviations: AJCC, American Joint Committee on Cancer; LNN, lymph node
number; LNR, lymph node ratio.
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Table 2. Univariate and Multivariate Survival Analysis on OS for Patients With MSSCC After Surgery.

Characteristic Univariate Multivariate
HR (95% CI) P HR (95% CI) P

Gender
Male 1
Female 0.964(0.764-1.217) .760
Age at diagnosis (year)
18-72 1 1
73-80 2.040(1.594-2.612) <.001 2.253(1.753-2.895) <.001
>80 3.293(2.635-4.114) <.001 3.186(2.519-4.030) <.001
Race 1
White 0.751(0.423-1.334) .328
Black 0.740(0.442-1.239) .252
Others
Marital status
Married 1
Others 1.172(0.969-1.418) .102
Year of diagnosis
2004-2011 1
2012-2018 0.952(0.772-1.174) .645
Primary site
Parotid gland 1
Submandibular gland 1.250(0.902-1.733) .180
others 1.210(0.572-2.558) .618
Grade
I 1
II 1.576(0.975-2.547) .063
III 1.513(0.947-2.417) .083
IV 0.858(0.43-1.712) .665
Unknown 1.063(0.608-1.858) .831
T stage
T1 1 1
T2 1.459(1.037-2.052) .030 0.829(0.475-1.449) .511
T3 2.051(1.498-2.809) <.001 1.025(0.615-1.708) .925
T4 2.654(1.943-3.624) <.001 1.266(0.774-2.069) .347
N stage
N0 1
N1 1.051(0.831-1.329) .679
N2 1.353(1.083-1.69) .008
N3 0.788(0.293-2.123) .638
Tumor size
≤2 1 1
2-4 1.765(1.354-2.302) <.001 1.880(1.196-2.953) .006
>4 2.360(1.788-3.114) <.001 2.381(1.532-3.700) <.001
LNN
≤2 1 1
>2 1.754(1.419-2.168) <.001 1.488(1.125-1.968) .005
LNR
0-0.11 1 1
0.11-0.5 1.265(1.010-1.585) .041 1.157(0.883-1.517) .291
>0.5 1.902(1.434-2.521) <.001 1.558(1.122-2.163) .008
Radiotherapy
No 1 1
Yes 0.648(0.532-0.789) <.001 0.729(0.591-0.900) .003
Chemotherapy
No 1
Yes 0.817(0.651-1.025) .081

Abbreviations: OS, overall survival; MSSCC, squamous cell carcinoma of the major salivary gland; HR, hazard ratio; CI, confidence interval; LNN, lymph node
number; LNR, lymph node ratio.
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increased risk of death (P= .049). Besides, patients with mod-
erately differentiated (P= .012) and poorly differentiated (P=
.026) exhibited approximately a 3-fold increased risk of death

compared with those with well-differentiated. In addition,
DSS of patients with MSSCC after surgery also showed statisti-
cally significant differences among different T stage, N stage,

Table 3. Univariate and Multivariate Survival Analysis on DSS for Patients With MSSCC After Surgery.

Characteristic Univariate Multivariate
HR (95% CI) P HR (95% CI) P

Gender
Male 1
Female 0.929(0.668-1.291) .659
Age at diagnosis (year)
18-72 1 1
73-80 1.313(0.942-1.830) .108 1.394(0.996-1.951) .053
>80 1.522(1.116-2.078) .008 1.481(1.065-2.059) .020
Race 1 <.001
White 1.168(0.599-2.277) .649
Black 1.026(0.544-1.936) .936
Others
Marital status
Married 1
Others 0.812(0.624-1.057) .121
Primary site
Parotid gland 1
Submandibular gland 1.509(1.002-2.274) .049
others 1.388(0.516-3.737) .516
Grade
I 1
II 3.174(1.285-7.843) .012
III 2.757(1.126-6.753) .026
IV 1.884(0.616-5.761) .266
Unknown 2.124(0.793-5.689) .134
T stage
T1 1 1
T2 1.604(0.933-2.757) .087 0.900(0.390-2.074) .804
T3 2.607(1.592-4.271) <.001 1.217(0.569-2.604) .612
T4 3.879(2.388-6.301) <.001 1.724(0.822-3.613) .149
N stage
N0 1
N1 1.421(1.010-2.001) .044
N2 2.200(1.614-2.998) <.001
N3 1.571(0.495-4.984) .443
Tumor size
≤2 1 1
2-4 1.928(1.281-2.903) .002 1.876(0.980-3.590) .057
>4 3.245(2.15-4.897) <.001 2.466(1.312-4.635) .005
LNN
≤2 1 1
>2 2.56(1.949-3.362) <.001 1.585(1.097-2.289) .014
LNR
0-0.11 1 1
0.11-0.5 1.815(1.343-2.453) <.001 1.416(0.977-2.051) .066
>0.5 2.863(2.000-4.101) <.001 2.183(1.423-3.350) <.001
Radiotherapy
No 1 1
Yes 0.783(0.592-1.037) .088 0.712(0.529-0.959) .025
Chemotherapy
No 1
Yes 1.201(0.900-1.602) .214

Abbreviations: DSS, disease-specific survival; MSSCC, squamous cell carcinoma of the major salivary gland; HR, hazard ratio; CI, confidence interval; LNN,
lymph node number; LNR, lymph node ratio.
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tumor size, LNN, and LNR groups. However, chemotherapy
had no significant effect on prognosis, suggesting that patients
did not seem to benefit from additional chemotherapy. In addi-
tion, there was no statistically significant difference in DSS
among patients in different years of diagnosis and treatment.
Further, Cox regression analysis also revealed that age, T
stage, tumor size, LNN, LNR, and radiotherapy were indepen-
dently prognostic for DSS (all P< .05) (Table 3).

Nomogram Construction and Validation
Based on the results of the above multivariate Cox regression
analysis, we integrated these independent prognostic factors
to establish our nomogram model to predict OS and DSS of
patients with MSSCC. By calculating total scores, the prognosis
of patients with different clinicopathological features can be
predicted. As shown in Figure 1, the corresponding score of
each variable can be confirmed by the vertical line between
the variable and the point axis. Putting all the points together
and placing them in the total subscale of our individualized
nomogram, the estimated probabilities for 1-, 3-, and 5-year
OS and DSS could be obtained.

Subsequently, the established nomogram model was evalu-
ated by using several methods, including the C-index, AUC
values, and calibration plot. The results showed that the
C-index of the nomogram for OS was higher than that of the
AJCC stage system (0.71 vs 0.59) and SEER combined stage
(0.71 vs 0.55). Similar results were obtained for the C-index
of the DSS nomogram model. The C-index of the nomogram
of DSS is also than that of the AJCC stage system (0.71 vs
0.63) and SEER combined stage (0.71 vs 0.59).

For the 1-, 3-, and 5-year OS rate, the AUC values indicated
better discriminative ability for our nomogram model (1-, 3-,
and 5-year: 0.759, 0.754, and 0.768) than for the traditional
AJCC TNM stage system (1-year: 0.637, 3-year: 0.614, and
5-year: 0.597) and the SEER combined stage (1-year: 0.579,
3-year: 0.573, and 5-year: 0.559) (Figure 2). Similarly, the
AUC values of our nomogram model at 1-, 3-, and 5-year
DSS were 0.769, 0.734, and 0.739, respectively (Figure 2),
which were also higher than those of traditional AJCC TNM
stage system and SEER combined stage. Furthermore, calibra-
tion plot for 1-, 3-, and 5-year OS and DSS prediction based on
the nomogram model indicated a favorable consistency
between the actual and predicted outcomes. The details are
seen in Figure 3.

Clinical Application of Nomogram Risk Stratification
The total score of the patients was calculated based on the estab-
lished nomogram model and then divided into 3 groups. For
OS, patients were divided into 3 groups including low risk (n
= 293, 0-86.63), moderate risk (n= 375, 87.70-165.90), and
high risk (n= 147, 166.88-285.25) groups (χ2: 207.1315, rela-
tive risk: 1.00/2.16/2.82). With respect to DSS, the 3 cohorts
were as follows: (1) low risk: n= 415, 0-170.11; (2) moderate
risk: n= 307, 170.38-280.51; (3) high risk n= 93,

281.50-433.93 (χ2: 128.7367, relative risk: 1.00/2.06/3.66).
As shown in Figure 4, the 5-year OS rate of patients in the
low-, moderate-, and high-risk groups were 75.7%, 42.1%,
and 15.5%, respectively. Besides, the 5-year DSS in the
low-risk subgroup versus that in the moderate-risk subgroup
versus that in the high-risk subgroup was 81.9% versus
59.6% versus 26.0%, respectively. Significant statistical differ-
ences in OS and DSS of patients among different groups were
observed, indicating that our prediction model had a good
grading ability (P< .001).

Discussion
To the best of our knowledge, our study is the first to explore
risk models based on the individual characteristics of patients
with MSSCC after surgery. The nomogram models for predict-
ing survival can be used to calculate the survival probability of
each patient through an intuitive graph and divide them into dif-
ferent risk groups according to the score, so as to better stratify
the prognosis of these patients and have important clinical
guiding value.

Consistent with the existing literature,15,16 most of the
patients are men over 60 years old, and the parotid gland is
the main site of the disease. For these elderly patients, clinicians
should pay more attention to the comorbidities and quality of
life of the patients during the treatment process. As was
shown in our results, MSSCC is a clinically aggressive malig-
nant tumor with a high incidence of tumors at the advanced
stage with lymph node involvement. It has been reported that
lymph node–related parameters are important for the prognosis
of head and neck tumors.17 Therefore, we identified optimal
cutoffs for LNN and LNR and further explored their clinical
significance in MSSCC. The results indicated that the prognos-
tic value of LNN and LNR was better than N stage. After adjust-
ing for other variables, LNN and LNR were still closely
associated with OS and DSS, suggesting that they were more
reliable and accurate in guiding the prognosis of patients with
MSSCC. A growing amount of evidence supported the clinical
significance of LNR in SGCs,12 oral squamous cell carcinoma
(OSCC),18,19 and other non-head and neck carcinoma.20,21 It
has been reported that positive LNN and LNR provided the
most accurate prediction of disease-free survival (DFS) and
OS for OSCC patients treated with surgery± adjuvant
therapy.22 In Park et al study, patients with carcinoma of
unknown primary (CUP) undergoing surgery and adjuvant
radiotherapy were reviewed and the prognostic value of nodal
parameters in CUP was further explored.23 Univariate analysis
showed that LNR> 0.14 were associated with poor outcomes in
DFS and OS, and in multivariate analysis, LNR was further
identified as a significant predictor for DFS.23 This study pro-
vides additional evidence that LNR is superior to conventional
N stage in cervical lymph node metastases. Of note, another
study noted that the prognostic significance of LNR varied by
anatomical subsite, which may be partly related to the signifi-
cant differences in local recurrence rates and distant metastasis
rates among different anatomical subsites in head and neck
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tumors.24 In the study by Suzuki et al,25 minor SGCs patients
with high-risk LNR had worse clinical outcomes than patients
with low-risk LNR, suggesting that LNRmay be a negative pre-
dictor of survival. Elhusseiny et al26 also revealed that patients
with LNR> 0.33 belonged to the high-risk subgroup and asso-
ciated with poorer survival in major SGCs. Likewise, Meyer
et al demonstrated the great impact of LNR on the prognosis
of patients with parotid gland carcinoma.27 In their analysis,
128 postoperative patients were evaluated and a median LNR
of 0.11 was determined. Patients with an LNR of 0.001 to 0.1
had a significantly lower 5-year OS rate compared with patients
with an LNR of 0 (5-year OS rate: 88% vs 77%). In addition, a
statistically significant difference between the survival curves
was also observed in patients with LNR 0.11 to 0.5 and LNR
>0.5 (5-year OS rate: 50% vs 37%).27 After adjusting for
other variables, LNR remained the only independent predictive
factor affecting OS, indicating that the use of LNR could reli-
ably stratify clinical outcome.27 As anatomical subsites play a
crucial role in its impact on clinical outcomes, we performed
the current analysis to explore the value of LNR in MSSCC.
ELN may vary with the extent of neck dissection, but insuffi-
cient neck dissection may result in incomplete treatment or
even worse outcomes; however, the LNR takes into account
the total LNN resected, which measures tumor burden adjusted
for lymph node yield. This may be one of the reasons for the
excellent performance of LNR in our study, which was
evident in both survival analysis and multivariate Cox model.
Based on the above, LNR could be considered for inclusion
in the current staging system and as a factor in risk assessment
and treatment decisions. Further evaluation of real-world data
with large samples is necessary to further improve its clinical
utility.

Histological subtypes of SGCs are not considered in all
current treatment guidelines, and the more than 20 subtypes

of SGCs are not distinguished from each other in terms of rec-
ommended treatment, except for adenoid cystic carcinoma.28

Surgery is the most definite and effective treatment for resect-
able SGC including MSSCC.29 Nevertheless, local recurrence
rates remain high even after patients undergo surgery, with a
median survival of less than 15 months.30–33 Therefore,
improving the postoperative local control rate is the key to pro-
longing the survival of patients. Postoperative management
strategies for MSSCC are still controversial.32,34,35 It has been
reported that the 5-year disease-free survival rate of patients
receiving surgery combined with radiotherapy is better than
that of patients treated with surgery alone.33 Several studies
have also indicated that surgery plus adjuvant radiotherapy
was related to improved OS compared with radiotherapy
alone, but not when compared to treatment with surgery
alone.3,36 Radiotherapy can improve local control rates to
some extent, but it can also increase treatment-related adverse
events, including functional damage of skin, mucosa, microvas-
cular, and muscle fibrosis.37 MSSCC is common in elderly
patients,36,38 and most of them may have poor performance
status and comorbidities. These adverse events can have a neg-
ative impact on quality of life and even shorten survival time.
Strikingly, in our study, surgery combined with adjuvant radio-
therapy is the primary treatment method for MSSCC regardless
of early or advanced stage. Postoperative radiotherapy was
shown to significantly improve OS and DSS in patients with
this rare malignancy. The presentation of this conclusion may
provide new support for the development of treatment guide-
lines for this uncommon malignancy.

Taken together, our study identified that age, T stage, tumor
size, LNN, and LNR can affect the OS and DSS of patients with
MSSCC after resection. Based on these independent prognostic
factors, we first constructed a satisfactory OS and DSS nomo-
gram model for evaluating the clinical outcome of postoperative

Figure 1. Nomogram model of OS (A) and DSS (B) in patients with MSSCC after surgery. Abbreviations: OS, overall survival; DSS,
disease-specific survival; MSSCC, squamous cell carcinoma of the major salivary gland.
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Figure 2. The ROC curve for 1-, 3-, and 5-year OS and DSS. (A-C) Comparison of the ROC curves of the nomogram, the TNM stage, SEER
stage for 1-year OS (A), 3-year OS (B), and 5-year OS (C). D-F. Comparison of the ROC curves of the nomogram, the TNM stage, SEER stage
for 1-year DSS (D), 3-year DSS (E), and 5-year DSS (F). Abbreviations: OS, overall survival; DSS, disease-specific survival; ROC, receiver
operator characteristic; TNM, tumor–node–metastasis; SEER, Surveillance, Epidemiology, and End Results.

Figure 3. The calibration plots for 1-, 3-, and 5-year OS and DSS. (A) 1-year calibration plot for OS nomogram; (B) 3-year calibration plot for
OS nomogram; (C) 5-year calibration plot for OS nomogram; (D) 1-year calibration plot for DSS nomogram; (E) 3-year calibration plot for DSS
nomogram; (F) 5-year calibration plot for DSS nomogram. Abbreviations: OS, overall survival; DSS, disease-specific survival.
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MSSCC patients. Compared with the AJCC TNM stage and
SEER stage, our individual nomogram model was more accu-
rate in predicting prognosis, as confirmed by higher C-index,
better AUC values, and more consistent calibration plots.
Importantly, our nomogram model can significantly stratify
patient survival outcomes according to low-, moderate-, and
high-risk groups. As the risk grade increased, OS and DSS of
these patients decreased significantly. Given the outstanding
predictive ability of our nomogram, we further confirmed the
importance and great clinical application value of these models.

There are several limitations in the present study. Some clin-
ically relevant variables and details of adjuvant therapy were
not available from SEER database, such as patient’s own per-
formance status and comorbidities, as well as adjuvant
therapy regimen and dose. Thus, the results should be inter-
preted with some caution. Although we established nomogram
model based on the classical clinicopathologic feature to predict
the survival rate of patients with MSSCC after surgery, molec-
ular biological prognostic indicators and external validation are
still needed to further improve its reliability. It should be
emphasized that some prospective large-scale clinical studies
are required before applying nomograms in clinical practice.
Regardless, our established prognostic model and risk stratifica-
tion still provide clinicians with additional information beyond
the existing criteria that can be used to characterize this rare
malignancy.

Conclusions
LNN and LNR exhibited favorable efficacy in predicting the
prognostic value of MSSCC. The nomogram integrated clinico-
pathological parameters including LNN, LNR, and treatment
method and showed higher accuracy than TNM stage and
SEER stage in predicting OS and DSS.
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