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Purpose: Oral squamous cell carcinoma (OSCC) often presents with
unsatisfactory survival outcomes, especially in advanced stages. This study
aimed to develop and validate a nomogram incorporating demographic,
clinicopathologic, and treatment-related factors to improve the prediction of
overall survival (OS) in OSCC patients.

Methods: Data from 15,204 OSCC patients in a US database were retrospectively
utilized to construct a prognostic model and generate a nomogram. External
validation was performed using an independent cohort of 359 patients from a
specialized cancer center in China. Prognostic factors were identified using Cox
regression analysis and incorporated into the nomogram. Model performance
was evaluated by concordance index (C-index), time-dependent area under the
receiver operating characteristic curves (AUC), calibration plots, and decision
curve analysis (DCA). A risk stratification system was developed to classify
patients into high- and low-risk groups.

Results: Age, sex, primary tumor site, T and N staging, and treatment modalities
(including surgery, chemotherapy, and radiotherapy) were found to be
independent prognostic factors. The nomogram achieved a C-index of 0.727
in the training set and 0.6845 in the validation set, outperforming the
conventional TNM staging system. The nomogram’s superior predictive
accuracy was confirmed by higher AUC values, better calibration, and
improved clinical utility as demonstrated by DCA. Risk stratification, based on
the nomogram, distinguished patients into distinct prognostic groups with
significant OS differences.

Conclusions: This nomogram provides an effective, personalized tool for
predicting OS in OSCC. It offers clinicians a valuable aid for treatment
decision-making and improves patient management.

oral squamous cell carcinoma, oral cancer, overall survival, nomogram, prognosis
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1 Introduction

Oral cancer refers to a tumor that occurs on the mucosal lip,
buccal mucosa, upper and lower alveolar ridge, tongue, floor of the
mouth, hard palate, and other parts of the mouth, which is the most
common subtype in head and neck cancer. The Global Cancer
Observatory (GLOBOCAN) reported that there were 389,846 new
cases and 188,438 deaths of oral cancer worldwide in 2022 (1). It is
predicted that there will be 36,620 new cases and 7,930 deaths of
oral cancer in the United States (2). Approximately 90% of oral
malignancies are squamous cell carcinomas [oral squamous cell
carcinoma (OSCC)] (3). The incidence and mortality rates of OSCC
vary significantly across countries, areas, and races (4). Despite the
improvement in the treatment of OSCC, including the surgical
technique, chemotherapy, and radiotherapy regimens, the
prognosis of OSCC remains unsatisfactory, with a 5-year overall
survival (OS) of 70%-80% in the early stage and 35%-45% in the
advanced stage (5). Accurate identification of high-risk patients
enables surgeons to formulate more rational treatment decisions
and enhances preoperative communication between medical
professionals and patients along with their families. However, to
date, accurate prediction of the prognosis of oral cancer remains a
significant clinical challenge. Therefore, it is vital to develop an
intuitive instrument that can help clinicians predict the survival of
patients. The 8th Edition of the American Joint Committee on
Cancer (AJCC) Staging Manual, Head and Neck Section, is
recommended for assessing the prognosis of OSCC patients (6).
However, the outcomes of OSCC patients are influenced by many
factors, such as age, sex, race, tumor site, radiation, chemotherapy,
and surgery (7, 8). Therefore, a combination of relevant
clinicopathologic and therapeutic factors can provide a more
reliable prediction than the single AJCC staging manual.

A nomogram derived from independent prognostic factors
identified through multivariate Cox proportional hazards
regression serves as a valuable tool for surgeons to estimate OS in
OSCC patients. Numerous nomograms have been established to
assist surgeons in prognostic evaluation across various
malignancies, including breast cancer (9), gastric cancer (10), and
esophageal cancer (11). Although Wang F et al. (12) previously
published a nomogram for predicting OS of OSCC patients, their
model lacked external validation using independent datasets,
thereby limiting its generalizability to broader populations.
Similarly, the predictive model proposed by Zhang X et al. (13)
was constructed using single-center data, which may introduce
selection bias and compromise its clinical applicability. While
Wang W et al. (14) developed a model using data from Hong
Kong and Australia; the limited scope of variables and suboptimal
validation performance underscore the need for further refinement.
Consequently, there is a critical need for a robust predictive model
that incorporates a comprehensive set of variables and leverages
multicenter data to enhance its accuracy and generalizability.

Since 1973, the Surveillance, Epidemiology, and End Results
(SEER) database, established by the National Cancer Institute
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(NCI), has systematically collected and disseminated cancer
incidence and survival data, encompassing approximately 48% of
the US population-based cancer registries; it has become an
invaluable resource widely utilized in cancer research (15). This
comprehensive database has been widely used in cancer research. In
this study, the SEER database, with its extensive collection of clinical
cases, serves as a critical foundation for data analysis and
model development.

This retrospective study aims to identify the prognostic factors
for the OS of OSCC patients and to develop a nomogram by
investigating the relationships between demographic features,
clinicopathologic features, therapeutic information, and survival
using data collected from the SEER database and the Cancer
Hospital of Shantou University Medical College (CHSUMC).

2 Materials and methods
2.1 Data collection

In this study, data were extracted from the SEER database from
17 registries using SEER*Stat V8.4.3 (www.seer.cancer.gov/
seerstat). Patients diagnosed with OSCC between 2010 and 2017
were included based on the following criteria: 1) diagnosis with
OSCC confirmed by histopathology, 2) OSCC as the only primary
malignancy, 3) cases with valid survival status and follow-up time,
and 4) a minimum follow-up period of 1 month from the initial
diagnosis. Meanwhile, patients were excluded if 1) they had missing
information on tumor grade and/or TNM stage and 2) they had the
presence of distant metastasis at the time of initial diagnosis. The
SEER dataset served as the training cohort for developing a survival
prediction model and constructing the nomogram.

For external validation, data from OSCC patients diagnosed
between 2010 and 2020 at CHSUMC were utilized. The same
inclusion and exclusion criteria were applied, with the additional
exclusion of patients who had received treatment at other
institutions. The last follow-up date was May 2024. Key variables
analyzed included sex, age at diagnosis, race, primary site, TNM
staging, histological grade, surgical information, chemotherapy,
radiotherapy, survival status, and follow-up duration. The
primary endpoint of this study was OS, defined as the time
interval between the date of diagnosis and the date of death from
any cause.

2.2 Data analysis

All the statistical analyses were run in RStudio V4.3.1 (https://
posit.co/downloads/). p < 0.05 was considered statistically
significant. The “X-tile” software, a bioinformatics tool designed
for biomarker assessment and outcome-based cut-point
optimization (16), was employed to determine optimal cutoff
values by evaluating all possible partitioning methods. The R
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package “Compare Groups” was used to compare differences in
demographic characteristics, clinical features, and treatment
between the training set and validation set. The Kaplan-Meier
curves (long-rank test) were plotted to compare the OS between two
groups using the R packages “survival”, “readx]”, and “survminer”.

2.3 Cox regression and
nomogram establishment

Schoenfeld residuals were used to test the proportional hazards
(PH) assumption. Univariate and multivariate Cox regression
analyses were run using the R package “rms” and “survival’.
Variables with p < 0.05 in the univariate Cox regression were
included in the multivariate Cox regression. Independent risk
factors significantly related to the OS of OSCC patients were
selected to develop a Cox regression model. Finally, the
nomogram reflected that the model was plotted to predict 1-, 3-,
and 5-year OS for OSCC patients using the R package “autoReg”.
Another Cox regression model based on the TNM staging was also
established to compare with the new model.

2.4 Validation

To evaluate the accuracy and effectiveness of the model, internal
and external validation were both taken. The concordance index (C-
index), area under the receiver operating characteristic (ROC) curve
(AUC), and calibration curves were utilized to assess the reliability
and accuracy of the nomogram. The net benefits of the prediction
model were calculated and compared with those of the TNM
staging model by plotting the decision curve analysis (DCA).
Finally, the predicted points of all cases were calculated using the
model and divided into the high-risk group and low-risk group via
the X-tile. The OS between the two risk categories was compared
using the Kaplan-Meier analysis.

SEER
based on the November 2021
submission from 17 registries

n=21627
Patients excluded (n=6423)
1. Histological grade was unknown (n=4363)
2. T stage was assessable or unknown (n=1553)
3. N stage was unknown (n=176)
4. Occurred distant metastasis at first visit(n=331)
Training set
n=15204

FIGURE 1
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3 Result
3.1 Patient characteristics

The flowchart illustrating the participant selection process is
presented in Figure 1. A total of 15,204 patients from the SEER
database (2010-2021) and 359 patients from the CHSUMC (2010-
2020) were included in this study. The demographic and clinical
characteristics of the patients are summarized in Table 1.

The majority of patients in both cohorts were younger than 65
years. Specifically, 57.8% of patients in the SEER cohort and 63.0%
in the CHSUMC cohort were younger than 65 years. The SEER
cohort had a significantly higher proportion of patients aged
80 years and older (11.5%), compared to the CHSUMC cohort
(4.74%). The difference in age distribution between the two cohorts
was statistically significant (p < 0.001). Male patients predominated
in both cohorts. In the SEER cohort, 67.7% were male, while in
the CHSUMC cohort, male patients comprised 60.2% of the
patients (p = 0.003).

In the SEER cohort, the majority of patients were White
(85.7%), followed by Asian or Pacific Islander (7.43%), Black
(6.20%), and American Indian/Alaska Native (0.70%). In contrast,
all patients in the CHSUMC cohort were Asian, reflecting the
demographic composition of the hospital’s patient population.

The tongue was the most common primary tumor site in both
cohorts, accounting for 62.8% of cases in the SEER cohort and
56.8% in the CHSUMC cohort (p < 0.001). The CHSUMC cohort
had a higher proportion of tumors located in the gum and other
parts of the mouth (29.2% vs. 20.8%) and a slightly higher
proportion of floor of the mouth (FOM) cancers (10.0% vs.
8.18%). Lip cancers were less common in the CHSUMC cohort
(3.90%) compared to the SEER cohort (8.23%).

There was a significant difference in tumor differentiation
between the two cohorts (p < 0.001). The CHSUMC cohort had a
higher proportion of well-differentiated tumors (Grade I) at 69.4%,
compared to 20.7% in the SEER cohort. Moderately differentiated

CHSUMC
Patients diagnosed from 2010 to
2020
n=505

Patients excluded (n=146)
1. Histological grade was unknown (n=69)
2. T stage was assessable or unknown (n=1)
3. Received other treatment at other hospital (n=76)

Validation set
n=359

Flowchart of participant selection. (A) SEER database. (B) Cancer Hospital of Shantou University Medical College. SEER, Surveillance, Epidemiology,

and End Results.
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TABLE 1 Demographic characteristics, clinical features, and treatment
information of the training set and validation set.

10.3389/fonc.2025.1557459

TABLE 1 Continued

o CHSUMC
- CHSUMC SEER (training) - ligation)
SEER (training) e
(validation)
N = 15,204 N = 359
N = 15,204 N = 359
Radiotherapy ‘ <0.001
Age <0.001
No 6,661 (43.8%) 283 (78.8%)
<65 years 8,782 (57.8%) 226 (63.0%)
Yes 8,543 (56.2%) 76 (21.2%)
65-79 years 4,673 (30.7%) 116 (32.3%)
Chemotherapy ‘ <0.001
80+ years 1,749 (11.5%) 17 (4.74%)
No 9,605 (63.2%) 272 (75.8%)
Sex 0.003
Yes 5,599 (36.8%) 87 (24.2%)
Female 4,904 (32.3%) 143 (39.8%)
Survival months, M
48 [18;76 58 [26,100 <0.001
Male 10,300 (67.7%) 216 (60.2%) (P35, P75) [ ] [ ]
Race SEER, Surveillance, Epidemiology, and End Results; CHSUMC, Cancer Hospital of Shantou

American Indian/

0,
Alaska Native 107 (0.70%)

0 (0.00%)

Asian or Pacific Islander 1,130 (7.43%) 359 (100%)

Black 943 (6.20%) 0 (0.00%)
White 13,024 (85.7%) 0 (0.00%)
Site <0.001

Floor of mouth 1,244 (8.18%) 36 (10.0%)

Gum and other parts of

3,159 (20.8%) 105 (29.2%)

the mouth
Lip 1,252 (8.23%) 14 (3.90%)
Tongue 9,549 (62.8%) 204 (56.8%)
Grade <0.001
Grade I 3,151 (20.7%) 249 (69.4%)
Grade II 7,835 (51.5%) 89 (24.8%)
Grade III 4,137 (27.2%) 21 (5.85%)
Grade IV 81 (0.53%) 0 (0.00%)
T <0.001
T1 5,784 (38.0%) 63 (17.5%)
T2 4,346 (28.6%) 160 (44.6%)
T3 1,932 (12.7%) 74 (20.6%)
T4 3,142 (20.7%) 62 (17.3%)
N <0.001
NO 7,643 (50.3%) 238 (66.3%)
N1 2,091 (13.8%) 41 (11.4%)
N2 5,175 (34.0%) 61 (17.0%)
N3 295 (1.94%) 19 (5.29%)
M MO 15,204 (100%) 359 (100%)
Surgery <0.001
No 4,601 (30.3%) 13 (3.62%)
Yes 10,603 (69.7%) 346 (96.4%)
(Continued)
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tumors (Grade II) were more common in the SEER cohort (51.5%
vs. 24.8%). Poorly differentiated tumors (Grade III and IV) were less
prevalent in the CHSUMC cohort (5.85% vs. 27.7%).

The difference in T-stage and N-stage distributions between the
two cohorts was significant (p < 0.001). Patients in the SEER cohort
were more likely to have T1 tumors (38.0%) compared to the
CHSUMC cohort (17.5%). The CHSUMC cohort had a higher
proportion of T2 tumors (44.6% vs. 28.6%). The proportions of T3
and T4 tumors were relatively similar between the two cohorts.

A higher proportion of patients in the CHSUMC cohort were
NO (66.3%) compared to the SEER cohort (50.3%). The SEER
cohort had a higher percentage of N2 patients (34.0% vs. 17.0%),
while the N3 stage was more prevalent in the CHSUMC cohort
(5.29% vs. 1.94%).

There were significant differences in treatment approaches
between the two cohorts (p < 0.001). In the CHSUMC cohort,
a vast majority of patients underwent surgery (96.4%) compared
to 69.7% in the SEER cohort. The SEER cohort had higher
rates of patients receiving radiotherapy (56.2% vs. 21.2%) and
chemotherapy (36.8% vs. 24.2%) compared to the
CHSUMC cohort.

The median OS for patients in the SEER cohort was 48 months,
with the first quartile (Q1) and third quartile (Q3) being 18 and 76
months, respectively. In contrast, the median OS for patients in the
CHSUMC cohort was 58 months, with Q1 and Q3 of 26 and 100
months, respectively.

The Kaplan-Meier survival analysis (Figure 2) revealed that OS
for OSCC patients was significantly higher in the CHSUMC cohort
than in the SEER cohort, with a 5-year OS rate of approximately
70% in the CHSUMC cohort and 60% in the SEER cohort (p
< 0.0001).

3.2 Univariate and multivariate analyses

We assessed the PH assumption using Schoenfeld residuals and
identified that the assumption was violated in certain variables, such
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1.00
= 0.75
=
=)
2
=9 0.50
=
-
=
Z Log—rank
“ 025
P <0.0001
=+ SEER
== Validation
0.00
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Follow Up Time(Months)
Number at risk
SEER { 15204 1253210697 9761 7709 5871 4302 2985 1846 792 0 0 0 0
Validation{ 359 309 273 259 223 176 146 126 103 76 65 42 22 8
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Follow Up Time(Months)
FIGURE 2

Kaplan—Meier survival curve of overall survival in SEER and CHSUMC. SEER, Surveillance, Epidemiology, and End Results; CHSUMC, Cancer Hospital

of Shantou University Medical College.

as surgery and radiotherapy. Consequently, the hazard ratios (HRs)
were interpreted as weighted averages of the time-varying HRs over
the entire follow-up period (17). Both univariate and multivariate
Cox regression analyses were performed to identify significant
factors associated with OS in OSCC patients. Age, sex, primary
site, T staging, N staging, and treatment modalities were found to be
independent predictors of OS in the multivariate analysis (Figure 3).
Increasing age was associated with a worse prognosis; patients aged
over 80 years had an HR of 3.31 (95% CI: 3.08-3.56) compared to
those under 65 years (p < 0.001). Male patients demonstrated a
slightly better prognosis than female patients (HR, 0.91, 95% CI:
0.86-0.96, p = 0.001). The primary tumor site significantly affected
survival outcomes, with lip cancers exhibiting the best prognosis
and FOM cancers the poorest (HR, 0.50 for lip vs. FOM, p < 0.001).
Additionally, surgical treatment emerged as a strong protective
factor (HR, 0.69, 95% CI: 0.64-0.73, p < 0.001), underscoring its
substantial impact on improving patient survival.

3.3 Nomogram establishment

Variables with p < 0.05 in the multivariate analysis were
included in the model. A visual nomogram based on this model,
predicting 1-, 3-, and 5-year OS, is presented in Figure 4.
Additionally, another model was constructed that included only
the TNM staging to compare its performance with that of the new
model we developed.

3.4 Verification

In the training set, the C-index of the new model was 0.727
(95% CI: 0.724-0.730), while in the validation set, it was 0.6845
(95% CI: 0.6821-0.6869). In comparison, the TNM model exhibited

Frontiers in Oncology

a C-index of 0.6765 (95% CI: 0.673-0.680) in the training set and
0.651 (95% CI: 0.6265-0.6755) in the validation set.

The time-dependent AUC analyses for both models across the
two cohorts are presented in Figure 5. The new model demonstrated
higher 1-, 3-, and 5-year OS AUC values compared to the TNM
model, indicating superior predictive accuracy.

The calibration curves for the nomogram show high agreement
between the predicted and observed probabilities of OS in both the
training and validation sets (Figure 6).

Moreover, DCA was conducted to compare the clinical net
benefit of the nomogram with that of the traditional TNM staging
system. The nomogram provided a higher net benefit than the TNM
staging model in both the training and validation cohorts,
confirming its superior clinical utility (Figure 7).

3.5 Risk stratification

Using X-tile software, a cutoff score of 218 was identified,
allowing for the effective stratification of OSCC patients into the
high- and low-risk groups. The Kaplan-Meier survival curves
revealed significant differences in OS between these two groups in
both the SEER and CHSUMC cohorts, thereby confirming the
clinical utility of the nomogram-based risk stratification for guiding
patient management (Figure 8).

4 Discussion

This study developed and validated a nomogram to predict OS
in patients with OSCC based on data from the SEER database and a
cohort from the CHSUMC. Compared to the traditional TNM
staging model, the nomogram demonstrated superior predictive
performance with higher concordance indices, better calibration,
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Characteristics Number (%) HR (95%Cl) P.value

Age

<65years 8782 (57.8)

65-79years 4673 (30.7) 1.49[1.41,158]  <0.001 ®

80+years 1749 (11.5) 3.31[3.08,3.56]  <0.001 1

Sex

Female 4904 ( 32.3)

Male 10300 (67.7)  0.91[0.86, 0.96] 0.001 L 3

Race

American Indian/Alaska Native 107 ( 0.7)

Asian or Pacific Islander 1130 ( 7.4) 0.89[0.66, 1.19] 0.438 I‘-l

Black 943( 6.2) 1.20[0.90, 1.60] 0.226 H

White 13024 (85.7)  0.89[0.67,1.17] 0.405 @M

Site

Floor of Mouth 1244 ( 8.2)

Gum and Other Mouth 3159 (20.8) 0.75[0.68, 0.82] <0.001 ’

Lip 1252 ( 82) 0.50[0.44,0.58] <0.001 4

Tongue 9549 (62.8) 0.58[0.53,0.63] <0.001 4

Grade

Grade | 3151 (20.7)

Grade Il 7835 (51.5) 1.18[1.10,1.27]  <0.001 T3

Grade Il 4137 (27.2)  0.99[0.91,1.07] 0.756

Grade IV 81( 05) 1.04[0.73, 1.48] 0.844 }i—(

T

T 5784 (38.0)

T2 4346 (28.6) 1.75[1.62,1.88]  <0.001 *

T3 1932 (12.7) 2.78[2.55,3.03]  <0.001 [

T4 3142(207) 3.76[3.48,4.07]  <0.001 -

N

0 7643 (50.3)

N1 2091 (13.8) 1.72[1.59,1.86]  <0.001 *

N2 5175 (34.0) 2.05[1.91,2.20]  <0.001 »

N3 295( 1.9) 2.46[2.09,2.90] <0.001 =

Surgery

No 4601 ( 30.3)

Yes 10603 (69.7)  0.69[0.64,0.73]  <0.001 4

Radiotherapy

No 6661 (43.8)

Yes 8543 (56.2) 0.60[0.56,0.64] <0.001 4

Chemotherapy

No 9605 ( 63.2)

Yes 5599 (36.8) 0.83[0.78,0.90] <0.001 %
T T T T 1
04 1 2 3 4 5

FIGURE 3

Forest plot of hazard ratios (HRs) for overall survival of OSCCpatients in the SEER database. OSCC, oral squamous cell carcinoma; SEER, Surveillance,

Epidemiology, and End Results.

and enhanced clinical utility in both the training and validation
cohorts. This finding highlights the importance of incorporating
additional demographic, clinical, and treatment-related factors in
predictive modeling to achieve a more accurate prognosis for
OSCC patients.

The baseline characteristics of the SEER and CHSUMC cohorts
revealed several notable demographic and clinical differences, which
could influence the interpretation and applicability of the
nomogram across diverse populations. Male patients

Frontiers in Oncology

predominated in both the SEER database and the Shantou
University Medical College cohort, consistent with the well-
established higher incidence of OSCC among male patients
compared to female patients (18). This gender disparity may
reflect differential exposure to risk factors such as tobacco and
alcohol use, which are known to contribute to the development of
OSCC (19). The proportion of primary sites of OSCC patients was
similar in the United States and China. The proportion of tongue
cancer in the two cohorts was the highest, indicating that tongue
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[ 10 20 30 40 50 60 70 80 90 100
Points L L L L L L L L L L s
65-79years
Age r L d
<Bb5years 80+years
Female
Sex
Male
Tongue Floor of Mouth
Site r . T !
Lip Gum and Other Mouth
T2 T4
T r T !
T T3
N1 N3
N r T !
NO N2
No
Surgery —_—m -
Yes
X No
Radiotherapy L !
Yes
No
Chemotherapy —_—
Yes
Total Points r T T T T T T T 1
[ 50 100 150 200 250 300 350 400
1-year OS " T T T T T T T d
0.9 08 07 06 05 04 03 02 01
3-year OS " T T T T — T 1
0.9 0.8 07 06 05 04 03 02 01
5-year OS r T T T T T T T |
0.9 0.8 07 06 05 04 03 02 01
FIGURE 4

Nomogram for predicting 1-year, 3-year, and 5-year OS of OSCC patients. OS, overall survival; OSCC, oral squamous cell carcinoma.

cancer is the most common oral tumor, which is consistent with
previous studies (2, 20, 21). In terms of staging, the SEER database
showed a higher proportion of T1 tumors (38.0%) compared to
CHSUMC (17.5%) and a lower proportion of T2 tumors in the
SEER database (28.6%) compared to CHSUMC (44.6%) (p < 0.001).
This suggests that patients in the CHSUMC cohort may present
with more advanced disease at diagnosis, which may be caused by
poor health awareness among Chinese patients (22). Additionally,
the proportion of patients with the N2 stage was lower in the
CHSUMC cohort (17.0% vs. 34.0%). This phenomenon may be
related to the higher rate of detection of lymph node
micrometastasis in the United States. The difference in treatment
strategies adopted by OSCC patients was notable. Surgical
treatment rates were significantly higher in the CHSUMC cohort,
whereas SEER patients more frequently received radiotherapy or
chemotherapy. This difference may be due to the higher proportion
of N-positive patients in the SEER database and the fact that OSCC
patients in the United States tend to choose radiotherapy and
chemotherapy out of social needs and psychological, functional
preservation, and other considerations (23, 24). Collectively, these
baseline differences underscore the importance of considering
cohort-specific factors when interpreting survival outcomes and
highlight the need for model validation in diverse clinical settings to
ensure broad applicability.

The study’s key observations point to significant differences in
survival outcomes between patients with FOM cancer and those with
tongue cancer. Patients with FOM cancer displayed a poorer
prognosis, which is consistent with previous research suggesting
that anatomical and biological factors contribute to the aggressive
behavior of FOM tumors (25). The rich lymphatic network in the
FOM facilitates early and widespread lymphatic metastasis, elevating
the risk of regional and distant recurrence and, consequently,
impacting OS. Additionally, patients with FOM cancer often
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present with advanced-stage disease due to the dormant initial
symptoms associated with FOM tumors, further compounding
their survival disadvantage. In contrast, tongue cancers often
produce more noticeable symptoms, prompting earlier medical
intervention and diagnosis, which may partly explain the improved
survival rates observed in these patients. However, Farhood and
colleagues studied anatomic subsite differences in oral cavity cancer
mortality, and they found that FOM did not have a statistically
significant difference compared to the oral tongue (26). Zelefesky
et al. researched 51 FOM and oral tongue squamous cell carcinoma
patients after postoperative radiotherapy and finally found that the
actuarial local failure rate of oral tongue was higher than that of FOM,
despite overall and disease-free survival being the same for both
groups (27). Another follow-up study also observed poor local
control in oral tongue squamous cell carcinoma patients, compared
to other subsites (28). More studies are needed to explore the
relationship between anatomical subsites and OSCC prognosis.

Another noteworthy finding of this study is the significant role
of surgical intervention in improving OS among OSCC patients.
Our analysis revealed that the CHSUMC cohort, which had a higher
proportion of patients undergoing surgery, demonstrated a longer
median OS and superior survival rates compared to the SEER
cohort. This disparity can be attributed to two key factors. First,
the SEER cohort included a higher proportion of N2 patients, which
is associated with a worse prognosis (29). Second, the higher rate of
surgical treatment in the CHSUMC cohort likely contributed to the
observed survival advantage. Surgery remains widely regarded as
the most effective therapy for improving prognosis in OSCC (30). A
retrospective study including 934 patients by Silva PB et al. revealed
that non-surgically treated OSCC patients had a lower OS than
surgically treated OSCC patients (31). These results underscore the
importance of surgery as a cornerstone of OSCC management and
its essential role in improving survival outcomes.
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Finally, a predictive model for OSCC patients containing
variables including age, gender, primary site, T staging, N staging,
surgery, chemotherapy, and radiotherapy was constructed. The
performance of the model was better than that of the traditional
TNM staging system, as evidenced by its higher C-index and ROC
curve, as well as calibration curves that are closer to the ideal curve.
These results indicate that the predictions generated by this model
are more accurate than those based solely on the TNM staging
system. Furthermore, the DCA plot reveals better performance of
the model in the training set than that in the validation set. We
suggest that other centers should conduct local recalibration before
applying the model. Future studies should explore the performance
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of the model in the multicenter data to enhance its generalizability.
Furthermore, compared to previous models (12-14), the
nomogram developed in this study included a more
comprehensive set of variables, particularly treatment-related
information, which has been largely absent in earlier studies.
External validation further confirmed the model’s generalizability
across different populations. In terms of clinical application, this
nomogram provides an invaluable tool for stratifying OSCC
patients based on their risk profiles, which has direct implications
for personalized treatment planning. For instance, clinicians or
patients can score using the nomogram based on actual clinical
information. Patients identified as high-risk through this model
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could be prioritized for more aggressive therapeutic strategies, such
as intensified surveillance, multi-modal treatment combinations, or
enrollment in clinical trials for novel therapies. This approach aligns
with the contemporary trend toward personalized medicine and
underscores the potential of risk stratification models in optimizing
clinical decision-making. Despite the robust performance of the
nomogram and its risk stratification capabilities, there are several
limitations in this study. First, as a retrospective study, there will
inevitably be bias due to the missing data and different treatment
decisions made by different surgeons. Furthermore, other factors
such as alcohol consumption, smoking, human papillomavirus
(HPV) status, depth of invasion, extranodal extension, vascular or
nerve invasion, specific chemotherapy regimens, and a combination
of surgery, radiotherapy, and chemotherapy have been reported to
influence the survival of OSCC patients (32-37). However, this
information was not recorded in the SEER database. Future studies
incorporating multicenter data from diverse populations and a
broader range of variables could further refine and improve the
model. Lastly, since this study focused on OS, future studies could
explore disease-specific survival and recurrence-free survival as
endpoints, which may offer further insights into the utility of this
nomogram for other clinical applications.

5 Conclusions

In this study, we developed a novel nomogram to predict OS in
patients with OSCC using data from the SEER database and
validated it with an independent cohort from the CHSUMC. The
nomogram demonstrated superior predictive performance
compared to the traditional TNM staging system, as evidenced by
higher concordance indices, better area under the ROC curves, and
more accurate calibration. This nomogram offers a practical, risk-
based approach for clinicians to better estimate patient outcomes
and tailor treatment plans, ultimately contributing to improving
patient management in OSCC.
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